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Cytotoxicity and DNA Damage in Human Lung Cells Treated with

Lanthanum Oxide and Neodymium Oxide

Jong Kyu Kim - Soo Jin Kim - Min Gu Kang * Young Hyun Chung*

Toxicity Research Team, Center for Chemicals Safety and Health, Occupational Safety & Health Research Institute

ABSTRACT

Objectives: The present study investigated cytotoxicity and DNA damage in human lung cells in vitro.

Methods: Neodymium oxide and lanthanum oxide were dispersed by ultrasonic treatments. The assay was performed with MRC-5 (Human
male fetus lung cell). Cytotoxicity and comet assay of lanthanum oxide and neodymium oxide were measured after 24 and 48 hours incubation.
Results: After 24 hours of exposure to rare earth metals, the cytotoxicities of lanthanum oxide in more than 1uM concentration groups
were significantly increased when compared to the control group, but the cytotoxicities of neodymiun oxide in more than 100 UM con-
centration groups were statistically increased. After 48 hours exposure, cytotoxicities of both materials were statistically increased in
100,000 uM concentration groups. Olive tail moments of the lanthanum oxide treated group were significantly increased when

compared to the control group.

Conclusions: The cytotoxicity of lanthanum oxide was higher than that of neodymium oxide. The DNA of MRC-5 cells treated
with lanthanum oxide for 48 hours were significantly damaged.

Key words : rare earth metals(REM), cell toxicity, Comet assay, MRC-5
LN = AL, el 20109 sERe] AT of
7,000E0] o]Etk(Lee, 2011).

SEmolsl 7t o] Ay ExHel B4 7| SERE 2oz gl Y Axte] vllo] #e)
& AL glo] theket el AlFel AR 3 L1, o] 2RIAFE A2 AN = 5 Ao 9
of 419lo] uleblofeban o3 QITHKISTL 2010). @A) sto] Uxke} o] 29| 27|17k ofgk gaslul, geks 4
SER 34 AMFe A4 A8 5 02 AR % R HER o258 Ao Had 278 71K
At vlas] B 53] 22 Hof SshAuh FAA L AL QAL AP R 302 o] Addo] g H

< olvl S8% HAE AAFL o], I 8= =% 57d°] Sltk(Yang, 2000).
siobch Zura 9l $71 2412 Holn lrk s|ER shebe o Py Hololq dat Mol A

Ze2 1915,0009F EO|H(KIT, 2012), 2010
o7 A AAHOR SRR AHl= 157HE] o)
31 20120 Ce, La, Nd <0.& 190,000E£2] 2=9 7}
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LS4 YT glow, o By 45t
W Beld, a0l B40) f4 9 WAo] Hsdt
PPsolut e AN EAS 23 Qe B3t 3
ERE AAFOEN QAAHERDo] Hote HEFE
JEo2 AFSE|HcHe gy YR gEa
B AHGHTL Qleh. DEEHEA, sholHe|s

st T 22 Aol Bagh A Eopmyt
ofu e} wig Aol FpA el =
TS " FAEL ok 58] Asleteee 1L
FE-AEAE FERl= Aol ARR-E AL
Zhalekol] AREE AL QU E=3F Alete A
ol ARgE Jlom o fE ok 2Eal 4l

B2 T4 F83% 4TS ot AREA v
ClE AHAo] o] AREE AL itk Ffolle EekiE Y|
SHEE A Wol AHEE AR difEch £33 &}
FAEoR 7ol F7bskal Qlal, ol'g 71719
MRI, Fej33} AE HEU 207 Gt FoiEaL 9
tf 2Pal 5 HARE Aleh AN, e RE AR
I QlaL 74 71719] 7)ol AREEAL itk

SHA ghelE, YletlEe] 1493 Aol A, Sab-
bioni et al.(1982)2 A ErAoLTEY] 7|0 &
A] 7V o) ek B asloln, SlEs o
4 F 2Alo] 9 7 wBE G4 2eA) sEs
A WS wokon), 3571 W AnEolA =R
7} = HAEE AT R E It Vocaturo et al., 1983;
Pietra et al., 1984). E3F ALRA|TAF Z22}9] 7]3HX]
3£ A& M (Broncho Alveolar Lavage; BAL)Y} &5
oA SER7} HAEE S S H(Sulotto et al, 1986, Maier
et al,, 1986), =9 S| EF F4 FloA IEF 2
2 95 ol w7 A=HATL B ESItHYu et al,
2004). 123l I EFaE F2 7 24 of Alx5do]
e, dRske] FAA 7FsAdel e (Ronald et al.,
1987), Al o] B A Ao FoFS L, It 75
2 w#A|ZItt R EickJie et al., 2011).

o|e} o] Mot AAiF e WE R JEF 435}
gHEo] ggo] 7t AoR of|ZE o]of wel &
2219] R F4539E k&0 SV S Aem 9
A & dAFoA= IEF a53E 5 A A
oA ol AME-E= AlSktEHE, AR S HEE Al
AR Al E£3 AFGH LEAS] kE
QAR TETIUS st A EE AEsto,
IR S531EC] A=A 9 DNA &4 nl%|
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2 Ato| ARERE B ERE AlSletEE{La0s; CAS
No. 1312-81-8] nanopowder (< 100 nm particle size),
Sigma-Aldrich (Product No. 634271, Lot No. MKBH
6827V) L AksH] © T]E{Nd,O5; 1313-97-9] nanopowder
(< 100 nm particle size), Sigma-Aldrich, Product No.
634611, Lot No. MKBC4929V)& £t ARE-5FIth

Aol ARgRE AbgE HEfobA| 22 (Human-male fetus,
14 weeks old, Caucasian, lung cell)+= MRC-5 A|3E3
2 A SFEA|32523) (Korean Cell Line Bank, Seoul,
Korea, No. 10171)o]|A ¢35} ARESFT).

2. M= HQF

MRC-5 A|Z20] vljokS 218l 5% COE F531H 10%
heat-inactivated fetal bovine serum-& 3 3&}5F Dulbecco’s
modified Eagle’s medium(DMEM, GIBCO, New York,
USA)E ©|-& 37CE ujgsto] Aol AREsH3ITh

3. E0}XX}510| A (Transmission electron microscope)
g o|8st L= AR AHA

La,05, Nd:O; Li=Q2Fo] ejef =7]9] eS¢
3} ExPAAFE ] H(TEM, H-7100FA, x50~x600,000 mag-
nification, 100 kV acceleration voltage, Hitachi, Tokyo,
Japan)& o|g-3ke] 7735

4 L QIRte] A D 37|12

ANz A== Lay0s, Nd0s, UieQz}e] ot
=2719] Zl& #8100 mM F=o A L= dAE7} 100
m olel7l Hhex Selslon], =R B4ETRES
S5 2=0f Yo probe type Sonicator(SONICS Vibra
CellTM (VC 750), Sonics & Materials, Inc., New-
town, CT, USA)2 283k #2jato] Al7ko] me 2t
A& 9] A 7])E Zetasizer nano zs90(Malvern instruments
Ltd., Worcestershire, UK)°>.2 =23} t}

5. MIZ5M (Cytotoxicity)2| 0l
MRC-5 22| NEZEA-E& £7317] $3l] Cell Coun-
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ting Kit-8(Dojindo Laboratories, Kumamoto, Japan)2-
olgsteon], Amule] APEAS Aelst 5%
COE FotHA 25 37CoflA] 244]7L, 48A]7F incu-
bation 650 nmE- reference= 314 450 nmoj| A A|E
Wixgole] GRES 2ty du B B
Az AL 2 A2z HelEske] Aol
£ vlush] 918f one way ANOVAE AAJSIY o, Af
S AA™H O Z Dunnett's methodS §2]4F a<0.052
AAsteck

6. In vitro Comet assay

HESIH DNA £4+-8 A57] 15 DNA &4}
31 491 E. coli formamidopyrimidine-DNA glycosy-
lase (Fpg) 2 endonuclease I(Thymine Glycol-DNA gly-
cosylase)E ©|-8-3}o] Comet assayS AA|3}I ] Comet
assay+ B|EFE 7 wEtHE A3 MRC-5 Al
AlRE LMA(Low melting agarose)2} 2 &0 &g}o]
Taeks flof "ojmelar 4T YAk 1081 ¢
=3Itk 47C lysing solution®]] 1A]7FHsQF Yol F=lch
1l gl o R SEIMA 33] AlAT ok DNA
£AF3)E § 421 Fpg -2 Endonuclease M-S 37 Cojl A
3027 AEjgk & pH 139] alkaline 7] 958 &%
|Hof| 2027+ 2T E 719525 'V, 100 A3k
A719E0] B &EolE #E2ES THRTE 102
ZH 23] Ml staL, 70% ethanolo] 57 W &
W 37TCollA] 3083 AxAA Foich

Z12]3l DNA &4 =5 7HAE8H] flste] 333+
Z(Ethidium bromide, 10x stock solution : 20 pg/ml)%
HAZE DNAS 20 ~40vf&9] g3dn| 3oz Has
Atk EZF DNA A =S JFetst7] 915to] Komet
analysis system 5.0(Kinetic Imaging, Ltd., Liverpool,
UK)& CCD camera®] ¢1723}4] migrated¥l DNA2] %
2} migration lengthS &%}t o] AZEo] X
2O 2 Olive tail moment(Olive & Banath, 1993)
&S AATSZH DNA &4 EE e Sich

£ B4E 94 22T 7} B2 DNA
2ol it 243tel B EEUAE 1A
, 5787kl tigt FAEA> SPSS 18.0 &1
0]8, =ZE5%=9 Olive tail moment®} Tail length
%= One Way ANOVAE A5kl o, ALSH

2 Dunnett's methodE §94F a<0.052 4
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Lanthanum oxide (x150,000)

Neodymium oxide (x150,000)

(b)
Figure 1. Transmission electron microscope images of neody-
mium oxide and lanthanum oxide particles:(a)La;Os,
Scale bar 100 nm, (b) Nd»Os, Scale bar 100 nm

1. 941z}

1. Arsl2tels, AMSIU|C|E L AIe| SatE A}
30|Z(TEM) 2 Y

B Aol A ARSSE AlslteRg, ASHE Ui
ARLe] et 2718 RN ES o]gste] g
IgE Ax} ofef Figure 13} 2t} JApe] 27]= F &
2 5 100 nm v]vke] W 37| ¢ o, YRS §
(Aggregation) F e 7} TH2FE YT},

2. 280t M2| AlZtof| o2 L=l RI2| 37| His}
Arsldelg, AR et e dRbe] 230 A2
A|7bol| w2 Qb Z7|e] WIlE skolsly] 95}, 3]
ERF a53RES SRl ol 239 24 3 4
ARO A7|EEE 54T AT Table 13 .
AbslteHg o] AAA7|= 229 AE] # 373.0 nm
ojglom, 281 g 10% ¥ 100 nmE |3} Ui
PR BAMEQlon 420 = BAF Z 10 nmo|5})
YRR A= GITE gk Al et Ee] YA =
25Tk A2 A 2450 YA 25Tk E] 102 JAF A
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Table 1. Particle size of lanthanum oxide, neodymium oxide and
by sonicated dispersion at each concentration

Material ~ Sonication time(sec) z-average(nm) PDI*

0 373.0 0.244

10 34.91 0.222

Lanthanum 30 23.97 0.214
oxide

(LaxOs) 60 22.82 0213

120 17.73 0.201

300 13.73 0.208

0 245.0 0.512

10 57.35 0.413

Neodymium 30 6.147 0.208

oxide 60 7.067 0.216

(Nd:05) 120 6.978 0.229

300 5.964 0.219

420 6.775 0.201

* PDI; polydispersity index

100 nmol} Uheglabe 47 BAE g om, 302 &
AF A 10 nmolshe] thimglas Bateof, Akehyl e
T o] Abslebelr Rt Bato] & H9irk

3. M| = =4 A& (Cytotoxicity)

Table 2= AlBletebs, ARSI S T Lh-QJ2-S MRCS
Alzof 2t F= 2447 k=% 9 MRC-5 A|229] cell
viability(%) = =43 Atolck. 1 tMEE 100,000 1
M7IA 8] oAl AtstdehEe] AlZ2=542 1 M
olfe] HE A oA tixdt Bop SAHS
2 FORt NxsAde yetwlen, 1~1,000 tM 5=
FoNE BEoEon HZEAS e, Eat
100,000 uM 5ol A F 42%9] cell viabilityS UE}
ek AR CE Lheglae] AEEAS 10 Mol
TN E AEZAYES] oot SAA &+
ojge eRbA] roEeu, 100 iMolAbe] 5ol
Mtz 2ok A8 o2 o3t MlEs/de v
Wk E=3F 100,000 uM ol A 9F 54%2] cell via-

’

53

oo

bility S YEpWlich AlSketels, AR s 25 10,000
UM o]l FLtoll A 80% ool M HEES K
221, 100,000 M FIEol A= 55% ©|3tE A|E Al
E&o] g43] Hasiglon, AsleteEe] A A
E&o] Aot g AlEZ gEERETE Wit

SHH, BATE e & AFEE ASlRtes, ARt
vleds Yiedate] 7 5= MRC-5 AEZ9] cell
viability & 43 23t AStdelEo] 49 AlzgE
€] 1,000 pM ©]3} s A= R ETE FAH
o2 FoIgt At wEEA| ookt ey 10,000
1M, 100,000 pM FE ol A= A ZAPEEo] FA A
o= FOsHA F4skem, 100,000 tM 5 Etof]
A= 203%8A BEEC] G438 Fastlch 4ks}
Hleds YAt s Al AlZAEE2 1,000 tM
o|gl FEdoA= RTET FAK SR Fogt 7
A7} BFE 2] ¢kgoLt, 10,000 uM, 100,000 uM 5
Lo A= AlZAEEC] SAFCE FostA 4
3k, 100,000 tM s = A= 34.4% =24 RAE
&o| g43] Hdaskelch

AbekRteRE, AR etE YedAr B5 10,000 tM
oMt oA BAFOE FostA MZAEEC] 3
23519

cbeletelE, AR e tE YAt eE Al o
2 Axgeg 23 AskERES M 55 S A9
gk 1,000 uM o3} Frtoll A kEA|Zto] FTLEe|
e} AEAREES STk om, Ak e HE9] -
+ 1,000 pM o]} BE FEFLA EATFO] STt
Stol| wet Al ZEE2 Skl ey Aksket
Ehg, AR e tE B 100, 000 tM FEt oflA= =
EAITto] F7Hetol whet Ml EZAEES TSIt

5. In vitro Comet assayS S8t H M| Z2| DNAL A &
o1z

L DNAQ] &4x]5£¢] TS Aek(Single strand
breakage)2] Q1S ¢J3ll Comet assayS A AJgF Ay}t

Table 2. Viability of MRC-5 exposed to rare earth elements for 24/48 hrs

Viability (%)

Material 0 M 1 M 10 1M 100 yM 1,000 M 10,000 uM__ 100,000 M
Lanthanum oxide 24h 100.00+0.829 92.84+4.768" 87.1£0.974° 87.88+0.644 81.65+3.275 82.7711.845: 42.9813.696:
48h  100.00+6.956 83.42+9.626 89.87+1.718 91.31£7.906 92.31+9.309 83.81+3.627 20.36+3.658
Neodymium oxide 24h  100.00+7.881 91.89+43.098 88.25+5.046 88.51+2.318" 83.22+42.41" 84.12i6.195: 54.22i3.479:
48h 100.00+5.584 98.34+2.767 90.61+4.669  95.3+5.232  94.51+7.007 85.85+6.808  34.46+5.06
Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(2): 50-56 http:/Aww.kiha.kr/
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Table 3. Olive tail moment values of in vitro FLARE assay after
rare earth elements treatment for 24/48 hrs

Table 4. Tail length of in vitro FLARE assay after rare earth
elements treatment for 24/48 hrs

Exposure time(h)

Material ~ concentration

Exposure time(h)

Material  concentration

24 48 24 48

0 M 2.69+0.24 3.37+0.32 0 uM 102.38+11.15 65.1840.51

10 1M 4.36+1.40 6.55+1.40" 10 uM 66.13+1.94 96.67+6.90

Lanthanum 50 1M 3.1120.51 7.00+1.34" Lanthanum 50 1M 56.01+7.32 116.25+19.11
oxide 100 uM 4.44+0.02 6.24+1.88" oxide 100 1M 73.63+0.25 123.69+30.98
500 M 4.88+0.23 8.19+1.33" 500 uM 67.80+7.83 117.50£27.27

1000 pM 4.210.05 6.93£0.71" 1000 uM 71.07+4.88 95.59+8.76

0 uM 2.69+0.24 3.93+0.51 0 uM 58.15+4.97 77.97+25.25

10 uM 2.80+0.24 5.70+0.60 10 M 56.96+1.93 90.18+17.26

Neodymium 50 UM 3.88+0.05 6.53+0.18 Neodymium 50 1M 68.93+10.10 117.38+9.43
oxide 100 uM 3.24+0.19 6.83+0.03 oxide 100 uM 60.65+5.81 100.47+7.24
500 uM 3.78+0.33 5.81+0.78 500 uM 71.6740.17 108.03+14.39

1000 pM 4.60+0.87 6.15+0.26 1000 uM 64.23+3.96 91.72+12.04

Umt a.u.(arbitrary unit); All values are expressed as Mean + S.D.
*: compare with control group, P<0.05

24 X7V, 48A17F ZF AHe]A|7to] W Olive tail mo-
mentH 3= Table 33} ZQkch

24 X7} Ar3tekelE & e]+9] Olive tail monent= tj
Z Hh FTRsI oY w O] Wk e A
den, AR Fo3t Sk WEEA] gttt
I8 48A)7F =&329] Olive tail moment:= TR
woh BAZ oz golsh Zotekett

Ao T1E Mele] A9, 2447t B2 Olive
tail moment”7} &= o|E&F o7 Z73= ko] WAk
H9lon, 1000 tM =SS o 2go] v|ale] 1.74)
7t o, SARCR Jo3t S WEEA] ¢
Utk 48AIZF =Eto] 1§ 100 M 08} EtollA]
= 5x 9F£F 22 Olive tail moment7} 57151904
FAALE Fogt S WA kokTh

ABEIERs, ARSI 9 ThE 24412 48A1F 2F HelA]
Ztoll W2 tail lengthtH3}= Table 42} ZQtch.

Atstetels AElite] A9, 24X ETollA =
AslteHE H o) WE tail lengtho] A= AR A]
ROt 48A17F lE S 100 uM ©]3} o) A
2wt Ho} tail length7} S7FsEAH 12yt A4
o7 ©olal Zyhe arE]R] orobrh

st et g A=Y 9, 24417 48717 =
oA 2Rt il lnghrh 2715101} 5
o7 vishe BUTA skon, BAHC folw
F7he BEEA L.

http://Aww.kiha.kr

}Jnjt: a.u.(arbitrary unit); All values are expressed as Mean + S.D.
: compare with control group, P <0.05

APSlERE 24417148417 500 1M %] 2]<tof| 4] Olive
tail moment7} 7} =9Fo ], ASh| @ t]H-& 24 A|7F
1000 UM #] 2], 48A17F 100 pM A 2]g-of|A4] Olive tail
moment7} 7F3 =9t}

v.n #

A Az el wd e Jef F&3E9 &
o] F7FskaL Qlvh ®3F FEAVL S EF S48
=2 Flg ARl wEt leFo] S & Ao A4
ok 83 SER S&53gEol et wal gt
8= Stk 2y SERO| Uitk =/4do] @ol ¥
SAA] ok, AtdANA B ER S&3%E 5 Bl
A E= AbkRtehE, Al et s o]8ste] HA|
3ol mAls Al2E4 9 DNA &4 wX= 9
A5 Foto] [l E7E 712ARE AAbskaat
AF+E A EIO*E}

U Q] A=A S_ A AEAZF(ROS: reactive oxygen
species) 2ol 7]215}H= 74 o7 AZE] 31 QltDonal-
dson et al., 2005; Oberdorster et al., 2005). T3F AFAR
A= Fenton-like reactionS E3) 24 S&53H+URL9]
EHol} A 5 29 Aol ofs) Takks Foz ¥
g 4 Qlth EoF A4 £ NADPH Ak a4
of 93l 7l&telo]= ALY}, mitochondrial respiratory

FI'E ofk
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chain] ofslo] ARG R7b whgom AYE 4 9
oh AbAE TSERO)T WS sl Basked
(H00)7} A=A It Unfried et al., 2007). A4
SAE B Al Fa T4 Akl XA, gl

= LY - 9
W 5 SAAPORA AL AEdAS U 4
Sl Ao e Atk ek B dqolHE B4

b9
o

o Ve QAR Absletehs, ARl etsE tie
o E|fetd Sz Qlsto] BAd4kaFol
HhAgskar, sk WS EARE do ol
71 stoll HAlZ5/d E DNA &40 njA= &
T ATk
g} 22 AlZtel| whE Ue=dRte] A7) BiskE &
1 4bshd| e tgo] AsketebE R 2 ¢
Aol & =ik 1A dAke] A7|vke L
, Al e s dAE AlZE o & T35k
At Slake] W EAAS dod Aog o4t
. JLEu AlskRtehs, Al sl 24417 48
b s Ai Al ZEAgE AERtERgo] Akgh et
7431k o] A= Ronald et al.(1987)0] =
iz AN ZE ol8sto] AlF, oes, Ul
O] AZ=AAHZAT} 100 yM E=oj A A3
A et & > 4lskteE > 4§ ¢o 8
T MEZ=AGY o AgS Edck 29y &
To A 24A17F k=FE % 100 uM = A A EAY
&2 AFoIeEHE(87.9%), AFS] 2T E(88.5%) &=,
AreletebEt Abshd| e 5o AlE=/dS BlsshA U
E}gtth E3E Ronald et al.(1987)-2 Absletels, skt
g, ABHIE, A3HAlE, ARl e, dshdledE
Edo) i3t Al2=/dS AT Aat Holetes, Ak
B AR, AR EEY 540 B Asi, A
s etlE- HepledERe o et Alxside U
EPiTh E3E HIAAL Fee ASHAlE (LCSO = 29 uM)
> Asketeld (LCS0 = 52 uM)> AFsd| @B & (LCS0
= 101 uM)<= ©] 3l

Feyerabend et al.(1995)0] &% AXEF MG632I
A RS (HUCPY) Al B uh-2s o 44
(RAW 264.7)E 0]85}¢] yttrium, neodymium, dysprosium,
parasedymium, gadolinium, lanthanum, cerium, europium,
lithium, zirconium ¥3}Eof ot A|ZEE=AA|F AT} La
o} Ces| =R B0 B AEEAS Uehylon, of:
# Aol ge A5 uerk

12] 31 Jie et al.(2001)2 wl--20f LaCl(3), CeCl(3)

re, §2 1o Hr
o4 _0, _|>i
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N
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i
Lo F o

[e)

1=
B

ATES T, A5 A, B oM S, @
2 7o) skl A\E 9 2AWs W
T A3 Ce(3+) > Nd(3+) > La3H)<=2] =4
Shflo] & o Zzle} Aolet AnE Uehicidie o
al., 2011).

I3l Haiquan et al.(2010)5-2 ICR up-9-20f 13]
20 mg/kg body weight -&3F2] LaCl(3), CeCl(3), NdCI
3= 14947 BRI A3 Ce(3H)LF Nd(3+H)+= La(
3wt e A A 9 e B4 v
WaL, Ce3H)= NdGHET B A2 W A5
sl AEYAS Suslo] 2 AT Arlet AR
ostek ol 2 AFolA] AHSE ASERE) S43)
A3s|E o] o] th2y] ujRel Ao wekEr.

Comet assayS AA|St A3} 24 A7t AbsletelE A
2+2] Olive tail moment= &t H} 271515 o)
SrolEd sk PAEA Ysten, BAHCR §
O3t ke BT itk ey AT S+t
Olive tail moment= = Hr} EAFOZ 2|5}
Al F7Fstele Alsz=Ado] 24| vrehbA] b= 1000 uM
0]3}9] o)A Olive tail moment7} Z713F 212
AtaltelEo] 23 DNA &4 o= sehert

2|3 AR et 8 48A]17F =259 Olive tail mo-
mentis iz 5ot EAHOR G5 F7ks ¢
Aot tfzato] Hste] F7HeE AL Abghd| et Hol
ofat Japolz} wekEr

ES AlSleteRg, AR @ g 48A17F A 2] tail
length7} 5715 e g Hol 4bsletels, Atahd|er
0] DNA &4 o] g3k nd o= wesch

Jha et al.(1995)2 AR 2. T} E(Nd:0s)& 52 =
740l FAF & Zea)|329] oA o) K chromosome aberra-
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