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U *]

BT 26 HLTY 23 225 > b OMIEEO i

YU HhELT, SR MR, KM B2, HAR 9P, HRE OB
VEESEIRABVRY:  EESEAERERANITERT IR RR S

PPRATBGRE N ESEBANRR AL M TR TR

SPATBGEN S ALZERTE R SRR JAXA)

C:3 B 7 AV AMEFEHRBIC L 2E AN HRERBESER SN, KPESZMEERH L TwE. HEIZIE A
L) ZAEMHEIN LA T2 E0CREPHEL T Y, HETOEHIZL > THL I APV EA) | FHABNIZ
FHEAINTRATLIREEN S 5. AEHERIETS, AL T A0FEWFMALETH L Z L2, K5
TIHA LT A LM L RRICHEH L, Mo 2882 Lz, 7R 8H bRz L ) R Lk
DM EFEOALITY A 32T v bae v, ARSI & ) RAED 10 um PLT, 25 yum LU B X 0710~25 um &
b EHIHE L7z, S5, FHRTFESIO mOBRTF 2625 LTV AT 327 b2V, 0.1BL01.0
mg/m! DIEE T Mg LB ERD AS4O LB L N~ 07 7 — VRIS S 7 e N BEERE SO THP-1 4
Faic¥e - L, 24 R #2100, MBR 5, BRAL A b L ARFE B X OV RIEFHEME A 5 L 72, IR 1.0 mg/ml D & X121, #
FABEOEGE I by R THEEOETE, 4 4 =0 A ¥ -8 (IL-8) D5l B L B FEBLO FADREO b
7253, 0.1 mg/ml TE NS DBUI w2, TS, Bt it E L7z s Sio ISR T O BT/ S o 7.
THP-1 M2 BT, 1.0 mg/m/ TlEEEE LEHRICIL-1p B & OIEEHEIER T - (TNF-0) D53 05% 57275, 24
B OBF I CIL-1p B £ N INF-a i fa T O AT AL N o7z. 72, MBNELA N L AD LA /NS o7z,
MR RS, BRILA D L A5E5DH B WIIRIEF ML Vo M EL < 10 pm D THERWEI 2SS - 7257, T3
BiEWIE Do 7z DEOERED S, in vitro DFRERIZ B W TLEHK O 22 & OMFLEEIT/N S T EOEED
ZIEERE LSBT EPTRENT.

¥—TJ—R:ALVIVAYI2T b, R ARLEE, BRILA b LA, SE.

(20144F 11 A 28 H =4}, 20154E4 A 30 H =#)

i U & I Z2FBERERE JAXA) b2 MZE R L T 5. AHRE

DB, AV T A EEBITH B VIE ALY

AR, AL T R EIMFEN D ELDHEET 5
AL ) 23 RO A O 22 55 m b/ I
Lo THOEMEDP B S, MR- £ 2 ), BT
R L72boT, Aoty F~#ttrrF
DIFEETHE->TVA, 7RI S5HHMIZEEL TLL
k, NEIZA CTOFEE %2 L & 3 F 25 AT
SNTE72. 2006412137 A1) H L2251 K (NASA)
2 & 0 A NA IR A ISR S, TAE O T

EATTAHZET, HLITYADRHE N AL, LT R
12, /2 R (DS 1~100 nm OFL ) % & Tl 7
WIREENLTE, HOEJIZMEROM 116 TH A 2
EDS W EDRoHL T RFECEfIzE T
5, CTNS5OHL T AL, BELAL EIZL o TFEH
FRICATZE L, FHMANICEELEAEFNTADRAT S 1]
REMEx AL 5. FEBIZ, 7RO 155 TIEFEHEHROZT
Oy 7 WCFEHRERWZBICKED L) RicBug

RIS OURYL R MOZATEBOE N EESNRAISEAT B LA sREM, T 761-0395 FNE SR T AR 2217-14, Tel: 087-

869-4197, E-mail: masa-horie@aist.go.jp
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& U7 & OfER, 7 AT 175 TIEFEIRE B CELC
AL IV A%WALZZEDOREDHH[1]. H#-T, A
MTOENEEIZY2-oT, AL T A0 b O
P T A EEW LT A Z EPLETH S,

WA & BRI~ DB R E 2 12 h, RIERA
ETHoZoNTIC, MilRE CRLET 28I, S, 225K
BFEFEI0 um %, HEEZ AT A2MMEEEZ D2
EMTE S, KAHIZF#ES 2K FIRY E (Particulate
Matter, PM) @ 9 &, HiERNZAI50% & 7 5 22548 )15
A0 pum D b O % PM10 & 5. PM10 DB A LS &
D, %< ORFEZEOTREE TS ST 5[2,3].
FOENC BT, BRBEERFICESZRELIZL -
T, KA F#ES 20 FIRWE T, FAEL10 pm L
TOLD(T bbb, HEMNRI100% & 72 5 2258
D10 pm) [ FIFHERT TR B (Suspended Particulate
Matter, SPM) & EF ST, KETEEWHE & L CHEE
FHIENED LN TS, PMIO & SPMIZERD R 5
B, NS WRLTFE EIR R I HLE L, MR ISR T
FlFdEaND, HETIIHEEI D L) RE 2k
FHEPIZEEFLIENG, HIERETIIR AL 2\
L) B RERRTEWAT HEEDHINT 5. HOE
% ERE L7256, §12.5 ROk 7178 % Ko h 725 A
MREZRLH4], BB W T HESAFET fEZR
RRICEAREZWEZEZONLD, L) REGKEEL
Fok T2 WA L7 E D BIEH L 2 Thn

— T NE BT I OGEBIZEET L2000, 4
EPNIRAEDOAIZL > TRESNLLDOTIE R\, H
TR E O ER xS 5 A EEITRAEO 2, KT
TERALSFHRK D BETH 5.

HL I9 A0GEWFE, 7R HbiE-7-H
LTV ARSI ENE oL b# L TWDED, Z0
wIZRD 2B 5. HL ) Z0W7EI2iE, HL T A
DB DAER 5] 2 ZE 2, KK C Ik +
BEAMEE LT ALY A LRABOREE 25 &)
WCHBELZAL I ZAY 325 Y MHPELHVHERT
W5,

AT 2MEOAL T Ay 3252 b2/
W, ALEERIEL SRR OBLE 2 S, BEEMICN T 5 5%
BrRet Lz, Bafilsl LC ALV Ty A% AL
7eBRIS, RIS 5 2 SN DM LR O
ETNE LT, & Mg bRz BEH R AS49 /e & H v
oo BL e~ a7y =Vl XABEEEEL
~ a7y =Rk E o e b AERLERYE O
R H K THP-1 M % F\ 72, RRIE 10 yum B L V2D
2525 um T E LAV IV AT I 2T bR
Hwiz, SHIPERFESmmOA LI AT I a

7 ¥ b EMW, MRS Sl L 72,
MR B S UAE

HLrayzxy3Ias b
AKifgeTid2MBEOHL I AY 3 25~ FFIS-1
(JAXA & EKREZOLFIICL 2) B LUISC-
IAVF (NASAZ X ) BASE, DU fine & 52 9) & Hv 7z,
FIS-138 £ ' ISC-1AVFIZJAXA £ ) AF L7z, FIS-1
V&, AR S &) 22K B R 10 pm LT (< 10),
L <25 um LT (<25) B L N10~25 um O 3FEFHO
B E ST L 7z[4), RERTES Y S Min-
U-Sil 513 U.S.SilicaZ HHEA L7z, HHL T A
2292 B L OHES L, 180°C, 2 k[ 0 7 B 1 AL
WA L7z2o0b, BE % HvT10 mg/ml D& T
WK U7z, 28R K0 % AR F B
T10ME DB REAIR L, 55 5o %2 8L L 72 (DA%,
AALITY AL I 25y boRGEHEIL T 2
SR ERTS). ALTYARAYIaT Y MRLT
) AR CEIIRET % 720, BB
ERCRBE L, ERM L 2o b MEics L. £
72, BALIV ALY I 25 FBIUEFIZOWT,
120°C, 8 B B 22 il AL o> 0 5 BET #:12 X 1) I
BE, TVHVRROOL, FEREA T 7 A~ b5k
S3HTEE (ICP-AES) 12 & V) Si, Ti, AL FelZ DWW T &HED
HEXITo 7. TNHITROERE (Wt%) 1&, EEES
S b L LU CHEI L7, ISC-1AVEIZDW T,
RARSATZWE L7z, BB 2T 25 ) VEENaiE
WA ELL, REYFAFTIOHBERLLZDDL,
<Az uabTy sa SR (HAEE MT-3300EX 1T)
V2 & D RIS & E L7,

S e 2k SR

Mifa e L, FLMRI K FZE% 3% (LDH) & 12 & 2 Al
JEAE & WST-17 v A 12X B3 hary K 7k
DWEI & - TEFRM L 72, A549flifa B X &M BER
4 A IR A B bk THP-1 M2 &, BRALSAWF 7R RN A 4 1)
V=Rt vy =X ) AT L7 AS495IIEIE 10% T
WIME R 7 Ny 3254 — 7OV (DMEM, 7
4757 70y —X) W, THP-1 HIlE1E 10% 414 2 1
7R Roswell Park Memorial Institute 1640 (RPMI1640)
B (S5 747 A7) HT37°C,5%CO,%&MHT T
B L7z, AS49FMINAIE, 2 X 10° 8 /mi o i TR
L, 24HE M 2 12 FZERICH W72, THP-1#1 13 Phorbol
12-myristate 13-acetate (PMA, ¥ 77 )V K1 v F) D
WNckvw~ra7y—UkkizoibEg7. 2x10°
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18l /mi O B CHEFE L 72 THP-1 A L2 F2 B 60 ng/ml
&7 D L) ICPMA Z NN L, 48 RIS 22 et fw 25 He 75
L7z E&FERL, 1 H T EIC3AEMAZ A 1T\, %
BRICH 72, MRS, 2018 & 0°1.0 mg/
m/DIRETL T A5HR 5 L, 24 e #2255 48
L3 & Y, 13,000 rpm, 1045 OO 2 £ DIRET S
KA Brgs L7214, Mifa s &Mt » b PLUS (LDH)
(B> a- 7754 FH AT A) 1L > THIEL 7.
MRS, A — A — D71 b I VIZHEw, dila g E
4 (Cytotoxicity) & L TLLFN DU X D HH L 7.

MG ENE (%) = (FEfE -Ka > ro—)v) /(Ha
yha—)—far hba—)) x 100

T Ry b e VLA, v b e —
WEF T oM A RS X0 el i S
w7z b v,

WST-17 vt A1, ML Y 2580 % %5
24 R 1212 2 D 43 Bl & M B HC 1o f5 A L 72
Premix WST-1 cell proliferation reagent(% 77 7 /¥ A )12
L, S 51237°C, 1IEREE L 72D 5, 440 nm DI
A L7,

FM A TG VERE 3275 (reactive oxygen species, ROS) L
OV OB EMILA ROS L )L Dl E 1, 27,7 -dichloro-
fluorescin (DCFH) {12 & D AiTo 72 MBIZL T A5
Bl % % 5- L, 24 B 212 2 D4 B % 10 pM D 2,7
-dichlorofluorescin diacetate (DCFH-DA, ¥ 7<% 7 )V K
Vo F) Ed, MG & F 2\ WEEHIZRIR L 72, 37°C
T30E#E %, M) 7Y I X ) Mg A | L, )
> ERAE A A PR AR K (PBS) T3 mIWEHE L 72, PBSIZFH
BB L, 70— A F A—% =12 & ) #2488 nm, #E
520 nm T 5,000 QMM 2B L7z, e, LIy
2 I G OHE L RV & 1 & L 7o HRHE TR
L7

G A N AL Y OPRENE

MBI L T A5 x5 L, 24 Rl 212 B %
Y, 13,000 rpm, 1043 R 002 & Y IRFES 2 kLT
L Lz BEEHROAL vy -4 F 2 -8(1L-8),
A —u4F2-1p (IL-1p) B L CHEBEIERN T -a
(TNF-a) {#FF % % 4 Human IL-8 ELISA Ready-SET-Go!,
Human IL-1 beta ELISA Ready-SET-Go! 3 & * Human
TNF alpha ELISA Ready-SET-Go! (eBioscience Inc.) % i
WCHIE L7z,

APLVRABEBIOHA M h A VRIETRBAOHE

BIn %3 7V ¥ 14 & polymerase chain reac-
tion (PCR) (X D&EFAli L7z, HHAZIC L =) A4k
PG L 24212 EE 2 A PBS TLRIZEE L
RNeasy Mini Kit (¥ 77 >) (2L ) mRNA Z AL L
72. RNA 3 High Capacity cDNA Revers Transcription kit
(Applied biosystems) (2 & 1) ¢cDNA & L 720 %, TagMan”
Gene Expression Assays (Applied biosystems) % F 7>
T IVE A LPCRIEIZL Y B-T 7 F &5 T %
EHEL L TALAF T —¥-1(HO-1), A5 uF
A A4 Y 1(MT1), IL-8,IL-1B B & ' TNF-0# (5T D
FEBL & AT L 72, BRAEIE T O TagMan® 7'H — 713
Applied biosystems 75 A L7z, Assay ID % LLF (2
7%, HO-1: Hs01110250 m/, MT1H: Hs00823168_gl,
IL-8: Hs00174103 m/, IL-1pB - Hs01555410 m/, TNF-a :
Hs01113624 gl.

i Ft B M

%4 QBTN L 72 35 (n=3) D FEERfE OV IMH &
L, ZNZNIIOWTOR#ERZE(SD) £ =7 —/N—T
Rz, BE®EIL LI ADHERIERS B L,
W T (ANOVA) T Dunnett 2312 & ) M2 %47 - 7.

& R

HLIV A I25 Y bRtk

2HEFHOAL TV AL I 252 DI B, FIS-112D
WL, 22BN 10 pm DUF (< 10), [H L < 25 um
DT (<25) BLUM10~25 pm D3 DOR T2 % &
o L7, ERTE M L AT, 2
NS ORTFIIWFN O ANEILT, SHRTIE R WS, i
RRODDOLHFIEL 72 BHICZ L BBIROETR S
Lipolz, ZOHE, <I0BXU<K25OAL I Ay
327V MIDWT, HL T A0 EEKS TH 5 Si0,,
TiO,, ALO, 3 & UNFeO |22\ THULS T % 1T - 72 (Table
D). A X 2O LIZRED 509, FIS-1 & JSC-
IAVF DI S DK E BN T B h o 72 12T 50%
xS0, HOTEY, 7RI 4G FELF7-HL T
A LIRIZFEBEOMBLTH - 72 (5], FRERIZ, <25
pm 5 & ) B <10 pm H 53 TR E <, <10 pm #5312 &
DINSRRLTFDREFEND T & &R L7z, Fine D L
Hi1% (D50%) 145.10 pm T, 0.7-37 pm O &iFH |2 IEHL A
LCEBY, EHRRIZFIS-1OFHEE S X ) /NS 0o
7o, AEETES ) AL, LRI 1.8 pm Td o 72 [9].
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Table 1. Components and specific surface area of the lunar
regolith simulants

Component (wt%)
SiO, TiO, ALO, FeO

Specific surface
area (m’/g)

Fine 47 1.8 18 10 39
<10 45 0.7 18 6.0 232
<25 49 0.9 19 7.4 12.4
Si0,  99.7  0.01* 0.27* NT 6.1

*These data are referred from product data of SiO2(MinU-Sil 5)
obtained from U.S. Silica Company/[9].

HVIaY 23¥ 325 v b ofilasE
01$;wum@m®%F®Vjuxﬁﬁﬁ%ﬁ
\2¥5- L, 24 e[ 74 o MR A 514 & #eRT L 72 (Fig.
1) Bt i & LT, MR I3 2 5 s
Tv‘éfnaali:/'}7'7’(“?6)%1/:1’)7\‘/::1.7‘/ INGELES
DREREITo 72, MG ENEL, AS4941fiE, THP-1
ML M RE LR ) hTtholb
KEhorz, LI AGER %5 LM<
H@JM%@Hm%%éﬂimymum%ﬁmﬁ%u
RO LN o 7z ASAOHIIE T & A 5GEME
@#iﬁ%h&#ot#<mf%%ﬁiﬁﬁ%w@
)75 5417z, THP-1#HCld, Fine 8 & U1.0 mg/m/

A549
60

skk

50

,_|_.

40

30

ﬂﬂﬂﬂf

Cytotoxicity (%)

Fine 10-25 SiO,
Regohth Simulant

i, i

D <10 DA THIEG EEI RO SN2, I hary R
) TR RE & L7z, AR RO BTN E <
b o & S ALFROWADA S 72 1.0 mg/ml, <10 pm [
BCTHBAFEIT20%EETH - 72 (Fig. 2). 4 H I X
B M F RO EIIRD b N o7z,

HLITYZAY325 Y MIXDBLA b L RFEE
Jili SR DB FE AL T 5 AS49FIMLIC L ) A5 Hk
WG L, 24 FE 2 I SHBEN O ROS L X)L & lll5E L
7z MUBEROS L ~bid, <10 um$%5-W 4 TO &K,
I G-ME I L3RR ER I L 72 (Fig. 3A). &
(2, HE24REMBRICERILA ML ARG Y V80 H
HO-1 D #EETHRHEL TR L 25, 1.0 mg/ml il
BT fine B L <10 ym 53 TR 2 5RO ZEHLO
L HRRS &7z (Fig. 3B).

HLITYAYIas5 Y iékﬂ%‘ﬁﬁ
FJI/EJ’)X‘/::L7/!\ PRE R AT
L7120, %4 Nh A U5 M%%ﬁtt L3 A5
WA L7z AS49 ML Tix, <10, <258 £ 1UM10-25
7312 B\ TR 1.0 mg/ml TIL-8 Db Hs I L 72
(Fig. 4). <2504 Tl30.1 mg/ml TDH _EHAFED S
7o, 24BFBIRIC BT A IL-8 i (n 3B b ik S e
IL-8 % /37 H LAk DOFE R %R L7z, THP-1flEI2

THP-1
60

50

* %

40

30 r

20 |
10-’—|L‘
0 |+| TeEy | Toe=. o [T

Fine 10-25 SiO,
Regohth Simulant

Cytotoxicity (%)

Fig. 1. Effect of dispersion of lunar regolith simulant on cell membrane damage. The regolith simulant dispersions were
applied to A549 and THP-1 cells at concentrations of 0.1 and 1.0 mg/m/. After incubation for 24 h, cell membrane damage was
measured by LDH assay. The method for calculating cytotoxicity is described in the “Materials and Methods” section, **: P < 0.01,
*: P <0.05 vs. unexposed cells, Dunnett, ANOVA, LDH: lactate dehydrogenase, []: 0.1 mg/m/, [: 1.0 mg/m/.
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BUTH1.0mgmiDL T A5HHOHEG12 & - T, IL-1B B & ' TNF-a D 3B % # 5 L 72 (Fig. 5). IL-1B,
EHPADIL-8 D5 & BIRFFHEBO EADFD SN TNF-a & b (2R LEHR CHBIC A L2, —AT,
7z, E 512, THP-1MIABIZ BT, 2 1.0 mg/m/D A 524 B B OB TR, L 3 A9 EER 05 &
LIV AY I a7y a5 L, IEETA b A > LI FHEBO LA IR N o7z
A549 THP-1
120 120 1
* % —I—
100 1 5 oo wordy [ = & 5 o a8
g ‘:[‘ * % = E3 {_ g -I— . " _I_
b 80 _I_ * % b 80 = o
= = = £y =s
= 60F = 60 *x
> >
3 40t 3 40t
20 20 -
0 1 1 1 1 1 1 1 1 1 1 J 0 1 1 1 1 1 1 1 1 1 1 J
0 0.1 1.0 0.1 1.0 0.1 1.0 0.1 1.0 0.1 1.0 0 0.1 1.0 0.1 1.0 0.1 1.0 0.1 1.0 0.1 1.0
Fine <10 <25 10-25 SiO, Fine <10 <25 10-25 SiO,
Concentration of particles in dispersion (mg/m/) Concentration of particles in dispersion (mg/m/)

Fig. 2. Effect of dispersion of lunar regolith simulant on mitochondrial activity. The regolith simulant dispersions were applied
to A549 and THP-1 cells at concentrations of 0.1 and 1.0 mg/m/. After incubation for 24 h, WST-1 assay was conducted. The per-
centage of WST-1 was normalized to the standardized unexposed cells (100%), ** P <0.01 vs. unexposed cells, Dunnett, ANOVA.

A. Intracellular ROS level B. HO-1 gene expression

g 2.0 ¢ 30 r

£ 18} ) *%

o S25 ¢

g2 16 *k F

—_— [<nl

E) 1.4 + 5 20 & .

N 1.2 + ) _I_

T 10 [rramm Bt R R RS X

=08 g

206 S L0 P T 5

= =

S 04t ol

= £05

= 02 r ~

o~ 0.0 L L I ) 0.0 L L L )
Fine <10 <25 10-25 Fine <10 <25 10-25

Fig. 3. Effect of dispersion of lunar regolith simulant on cellular oxidative stress. A549 cells were exposed to the lunar
regolith simulant for 24 h at concentrations of 0.1 and 1.0 mg/m/. A: Intracellular ROS level in cells exposed to dispersions of
lunar regolith simulant. The intracellular ROS level was measured using DCFH-DA. DCEF fluorescence in cells was measured
by flow cytometry. The value of DCF fluorescence-standardized untreated cells was 1. B: Gene expression of HO-1. The HO-1
gene expression was determined by real-time PCR. *: P <0.05 and **: P <0.01 vs. unexposed cells, Dunnett, ANOVA, ROS:
reactive oxygen species, PCR: polymerase chain reaction, []: 0.1 mg/m/, [: 1.0 mg/m/.
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A. IL-8 protein concentration in culture medium B. IL-8 gene expression
A549
o A549
~ 8,000 12 K%
g : e}
2 S 10} 4
= 6,000 r &
1 o0 L
= 2 °
o ~
g 4,000 r '_é 6 - * %k
E :
= O 4 xx * %
8 2,000 | * x < ** o
g *% % ,g X
@) r <
panloge il f il Aol
0 I}I 1 1 I}I 1 I*I 1 1 1 1 [.] 1 1 1 J 0 1 1 1 1
0 01 10 01 1.0 0.1 1.0 0.1 1.0 0.1 1.0 Fine <10 <25 10-25 SiO,

Fine <10 <25 10-25 Si0,

Concentration of particles in dispersion (mg/m/)

THP-1
THP-1

AQ,OOO r *% S
E 1,800 fg 35r * ok
21,600 - 830 %
%0 1,400 *% *k g’ 25t *%
E 1,200 ki { *% d‘ ’ *% o
2 1,000 = 20¢
=] =
= 800 + S 15¢
B 3
8 600 | Q 1.0F---4----- PR I (U R S P
o = .
g 400 2 05
© 200t H m 5051

O ﬂ 1 1 1 1 1 I*I 1 1 I*I 1 1 H 1 J 0.0 1 1 1 J

0 01 1.0 01 1.0 0.1 1.0 0.1 1.0 0.1 1.0 Fine <10 <25 10-25

Fine <10 <25 10-25 SiO,

Concentration of particles in dispersion (mg/m/)

Fig. 4. Effect of dispersion of lunar regolith simulant on production of IL-8. A549 and THP-1 cells were exposed to the
lunar regolith simulant for 24 h at concentrations of 0.1 and 1.0 mg/m/. A: IL-8 protein concentration in the culture medium.
Concentration of IL-8 was determined by ELISA. B: Gene expression of IL-8. The IL-8 gene expression was determined by
real-time PCR. *: P < (.05 and **: P < 0.01 vs. unexposed cells, Dunnett, ANOVA, ELISA: enzyme-linked immunosorbent
assay, PCR: polymerase chain reaction, []: 0.1 mg/m/, [: 1.0 mg/m/.
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A. Protein concentration in culture medium B. Gene expression
IL-1B L1
30 ¢ -1
o ®k = 14 r
g I £
5 2 512t
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@ 20+ A 10fp--------- e e ittE SR
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2 10} &
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0 01 1.0 01 1.0 0.1 1.0 0.1 1.0 0.1 1.0 Fine <10 <25 10-25
Fine <10 <25 10-25 SiO,
Concentration of particles in dispersion (mg/m/)
TNF-a
s TNF-a
3 I = el2r
@ 4] g
& Xk { i 1 0 __________ + _________________
50 3 28
E 3+ {' * % % 0.8+ {‘
S i ** . Z06¢f
= 2+ E
o
= =}
B - S04t
5 1f 8
2 I 202}
S 5
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0 1 1 1 1 1 1 1 1 1 1 J (2 0.0 | | | J

0 01 10 01 1.0 01 1.0 0.1 1.0 0.1 1.0
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Concentration of particles in dispersion (mg/m/)

Fig. 5. Effect of dispersion of lunar regolith simulant on production of IL-1§ and TNF-a. THP-1 cells were exposed to the
lunar regolith simulant for 24 h at concentrations of 0.1 and 1.0 mg/m/. A: IL-1 f and TNF-a protein concentration in the culture
medium. Concentration of IL-1  and TNF-a was determined by ELISA. B: Gene expression of IL-1 § and TNF-a. The IL-1
B and TNF-a gene expression were determined by real-time PCR. *: P < 0.05 and **: P < 0.01 vs. unexposed cells, Dunnett,
ANOVA, PCR: polymerase chain reaction, ELISA: enzyme-linked immunosorbent assay.
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%

S

RWEFE U, il FE Ao B L 3 A2
BEINLEEZONLZ NS, LB TS % A549
MR OV CREMZ2 RS 2 Mt L7z, F 72, i
T 5 THP-1IZ2 W T, FIEFISICHELZRD, FF
WCRIEMES A M A A v OFIZOnTHE L7, L
) A G HORIE A TR & MR AR R O T &R
L7275, 2 OREOHEEEIX 1.0 mg/ml T, 0.1 mg/m/ TlXZ
NHEOREBIIR SNV, FFFITNSI o720 &5
2, MRBRG A EEA MO N T LR ) 7
W, N E o7z BELOmgmIIZBWTIE, LT
YAGEGETOAL T) AL 225y M, BERE
2 & o THIFE L ICHERE L CB Y, FEBICITMBORE
BEEXSOICEPo-EEZONE. Mk LTHE
PRI RFL, M ICERILA P L AR AL S 2 A8
Zwle]. L3 AGHuE a5 L7z AS495IIE T,
24 BFT£12 1.0 mg/ml O < 10 W45 O A THIFLH ROS L
NV D EFAFRD b7z, RGeS 13 52
ETHorz. Tz, 24 S TORRILA ML A
&S 27 BHO-1MIZTFOE L LA LT,
INSORRIL, TS VRTEEL LI 2A5E
T, MICE T OMLA L ADE L2 & ERIE
T4, E5I2EF10mgml DL T AGEHEORES-
T, A549, THP-1 512 BV TIL-8 D43 ih D LAH
ootz FIEVEY A P A Y IL-1 B L ' TNF-a
BEICT 7877 =DICL o THMENL T DD,
THP-1#fE 12 BT L T) 2558l 512 & 5 IL-1B
B L O TNF-0 53D 58 % fegd L7z, THP-1#1lIC
BWTIE, LI AGEGEIE 512 & D IL-8 D43 ASER
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Evaluation of Cellular Effects Caused by Lunar Regolith Simulant Including Fine Particles
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Abstract : The National Aeronautics and Space Administration has announced a plan to establish a manned colony
on the surface of the moon, and our country, Japan, has declared its participation. The surface of the moon is covered
with soil called lunar regolith, which includes fine particles. It is possible that humans will inhale lunar regolith if
it is brought into the spaceship. Therefore, an evaluation of the pulmonary effects caused by lunar regolith is im-
portant for exploration of the moon. In the present study, we examine the cellular effects of lunar regolith simulant,
whose components are similar to those of lunar regolith. We focused on the chemical component and particle size
in particular. The regolith simulant was fractionated to < 10 pm, <25 pm and 10-25 pm by gravitational sedimenta-
tion in suspensions. We also examined the cellular effects of fine regolith simulant whose primary particle size is
5.10 um. These regolith simulants were applied to human lung carcinoma A549 cells at concentrations of 0.1 and
1.0 mg/ml. Cytotoxicity, oxidative stress and immune response were examined after 24 h exposure. Cell membrane
damage, mitochondrial dysfunction and induction of Interleukin-8 (IL-8) were observed at the concentration of 1.0
mg/m/. The cellular effects of the regolith simulant at the concentration of 0.1 mg/m/ were small, as compared with
crystalline silica as a positive control. Secretion of IL-1f and tumor necrosis factor-a (TNF-a) was observed at the
concentration of 1.0 mg/m/, but induction of gene expression was not observed at 24 h after exposure. Induction
of cellular oxidative stress was small. Although the cellular effects tended to be stronger in the < 10 pum particles,
there was no remarkable difference. These results suggest that the chemical components and particle size have little
relationship to the cellular effects of lunar regolith simulant such as cell membrane damage, induction of oxidative
stress and proinflammatory effect.

Key words: lunar regolith simulant, fine particle, cytotoxicity, oxidative stress, inflammation.
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