W HiHR

TR ATV T 9K BURLNT H,0, 15 5 B9 il _E 52 40 A S A0 s 3 15 4%
B 22 fE1E A S AL

RE, Y, AR, TR, KO, BAANS, B, HEs"

MERHR T KRR 2B, T 4R M 5100065 M ZE S R e /\ & 2 HPuO IFI 5 /5 RE R 2430, Jbat 1000915 Sf#l
ZEREREEANESP O S EEREREAR, st 100048

[FESFES] RS63 [XEFRER] A [DOI] 10.11855/j.issn.0577-7402.0054.2026.0427

[FRA]  ASSCHTA 1R R B JGH 45 o8

[BIAZAR]  XIER, M3, 5k FH A R BT T 9K FURLX H, O, 15 S At - 15 2 i 404k A A0 P 0% e A FH S5 ATL Ak (7). A 4 2 2
,DOL:10.11855/.issn.0577-7402.0054.2026.0427.

[FsEHHE] 2026-01-08 [REBEH] 2026-03-04 [EZ&BHHA] 2026-04-27

HEZE] BR  HIEKEM . VAN R TR ET AR (sRuNP) , PPAGHONT H,0, 1755 il T 5z 20 4L Ak
NG B GE AR B AT REML . FoiE SRR AS & B A SE H18: 5 J sRuNP, SR FHZ S L 1 WA (TEM) . KA 4y
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nm; XPSZEH /R, sRuNPHESH PAEFE B INES (Ru) . Bk S TR WARHIFIE, Ru 2D Ru® A R TEAETE, JCRFEEH
FHLRE R FHE T BR, Bk s FIA 1s iR POk R A 7E A HLECIRIE MG ; 0. 4. 40, 400 pg/ml sRuNP 7E 25 CAE #iEh
JKHCE 24 h, 0. 1. 10 pg/ml sRuNP 7£ 37°C RPMI-1640 5% 2 55 R B i 24 b, B4R LB B UT0E . 1 pg/ml 110 pg/ml
sRuNPAbFE 24 1, AS49 AU IG M5 X FRAL 22 7 0G24 78 L (P>0.05). SXTIRZH LA, H,0,HANIMT- 2L, MDA & it
FHEr, SODIETEREMK, ac-SOD2/SOD2 WWAH Fhmi, 22 5594 Geit2 2 L (P<0.05); 5 H,0,40 4, H,0,+sRuNP 4141 iy st
oW/, MDA TR, SODIGMETIE, ac-SOD2/SOD2 MM T [, 22 R4 G245 L (P<0.05), #iE 10 ug/ml
sRuNP 7ERSMFRE Pt A Y & Ak AT Xl L A it S Ak VE B L, #] SOD2 Z. AL J2: T RER 4 F AL
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[Abstract] Objective To fabricate ultrasmall soluble ruthenium nanoparticles (sRuNP) with favorable water solubility and
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biocompatibility, and to evaluate their protective effects against H,0,-induced oxidative stress injury in lung epithelial cells as well as
the underlying mechanism. Methods Soluble ultrasmall Ru nanoparticles were synthesized via thermal decomposition combined
with ligand exchange. Transmission electron microscopy (TEM), particle size analysis, and X-ray photoelectron spectroscopy (XPS)
were used to characterize their morphology, particle size, elemental composition, valence states, and surface chemical properties, as
well as their dispersion stability in normal saline and complete RPMI-1640 medium in vitro. The CCK-8 assay was performed to
determine the viability of A549 lung epithelial cells treated with different concentrations of sSRuNP. A549 cells were divided into three
groups: control group, H,0, group, and H,0,+sRuNP (10 pg/ml) group. Cell death was assessed by Calcein-AM/PI double staining.
Commercial kits were used to measure malondialdehyde (MDA) content and superoxide dismutase (SOD) activity. The expression
levels of acetylated SOD2 (ac-SOD2) and total SOD2 were detected by Western blotting. Results The prepared sRuNP had a
uniform particle size of (2.00+0.18) nm. XPS spectra showed characteristic peaks of Ru, C, and O. Ru existed mainly in metallic (Ru0)
and oxidized (Ru4+ ) states, while the C 1s and O 1s spectra confirmed surface modification with organic ligands. No obvious
precipitation was observed for sSRuNP at 0, 4, 40, and 400 pg/ml in saline at 25 °C for 24 h, or at 0, 1, and 10 ug/ml in complete RPMI-
1640 medium at 37 °C for 24 h. After 24 h of treatment, 1 pg/ml and 10 pg/ml sRuNP showed no significant difference in A549 cell
viability compared with the control group (P>0.05). Compared with control group, H,O, group exhibited increased cell death,
elevated MDA content, reduced SOD activity, and a higher ac-SOD2/SOD2 ratio (P<0.05). In contrast, compared with H,O, group,
H,0,+sRuNP group showed decreased cell death, lower MDA levels, higher SOD activity, and a lower ac-SOD2/SOD2 ratio (P<

0.05). Conclusions

sRuNP at 10 pg/ml exhibit good stability and biosafety in vitro. They exert significant antioxidant effects on

lung epithelial cells, and inhibition of SOD2 acetylation as a potential molecular mechanism.

[Key words] ultrasmall ruthenium nanoparticles; oxidative stress; acute lung injury; lung epithelial cells; acetylated superoxide
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’%‘ ‘f% ﬂ? ”& % 1E|_ Z/% é‘ fI_E (acute respiratory distress
syndrome, ARDS)/&—Ff LLyR 1Ml 451405 . Jifivfe-
B 20 10055 B R R IR S 5 B A E S g Ry AR 1Y fi
SIEC AT AR R SCRFHE TR YT R I S R SR N
ek, BHRIERAE R AT, H T s S0
EEAETLY/ R

AN FAE 2P E 545 (acute lung injury,  ALI) A2
ARDS W) R AE R Rt R v R G VR Y 9, TR
ROS) W i % B & +
(superoxide anion, O%), ﬁ%"f’[ﬁg(hydrogen peroxide,
H,0,) FIFE3E [ i 3& (hydroxyl radical, -OH )i A= A%,
SN IEHESU LB R G ST R Ak
JLICAT 5 Al b e AR AR B EA . AR AR
K DNAF, e | 20 M At T Ayt e i D g e
fiF, W BR i B ROS . KA A AL SR AR S 2 B IA
ALI/ARDS [ 5 B3 22—

RIRBUEAL TG [ Ak S AL RE(SOD) . i 4
EE RS TEIR N E PE 22 . s S A A
AR, 7E ARDS Biiify H Il RTT RO BRAR S 2 5l
ARk, BT ST ALIE T A ghOK Bl N HE R A R e
PR AR R AV BE SRR A 25 iliAs , &
W A BT AR IR YT SR I S R P o T
(ruthenium, Ru)ZE44 K444} H Ru*/Ru* £ ) E AL
I JEURR I A v P AR B0R T 45 32 DR TN 9K
LA TR PR 5 H RSB U OG, AN K 0RE
THA W AR A R T, AT R HE B
ROS [RESIU, BBIET KM R S Ak R A DG

(reactive oxygen species,

PR R B T R S AR BUR P AR HTES
RN, R GCE T AR UL AE ALL/ARDS A% U HE 4 il ——
il IR L Bz 4 i 4R T o7 8 3 v A A T B 23 L
4TS A B WY R AR TE ) L 4K 88 2(manganese
superoxide dismutase 2, MnSOD2) Jg I [ £ f 4 R I
ROS Y HETT AT B, LTGS2 B Ja B A i 1
JEH SOD2 A 2= 2 £ ot A 2 5% 5 F) 8 128 i A1 1
FERLEIZ—. sOD2 it i Z Bt AL T 55 soD2 15 Bk
AR TR . AUFTEE T —FBA Rk
VAR EE 0 R A A £ T 9 T 4 K R (soluble
ruthenium nanoparticles, sRuNP), F-3FAEHAE A fifiid
T AU F 2 40 5 AS49 LB ALK RE M H A THIL
' 7£ >4 sRuNP JH T ALI/ARDS 4T S 1k 48 13 1A 97 2
P 2 SR

1 MREFE

L1 R s ST K G (RuCl, - 6H,0) Fil
TH G i W 1 3€ [ Sigma 28 B 5 40T ER0K ) A -8
(CCK-8, CK04)M | H AR~ Ak~ 58 ; Calcein-
AM/PI 32 (3857 & . P 1 (MDA) K6 38 571 & Al
SOD #3711 & (CA1630. BC-0025. BC-5168) %11
At R ERHEABRA ;. SOD2 H 2 fu b et
1 (bsm-52741R) W [ AU T B 2R AE AR A BR A w5
AT LML SOD2(ac-SOD2)/MnSOD (acetyl K68)Ft
1A (ab137037) M [ L [E Abcam 23 F) o BLOHL. HLEKAY
(RDFRLERAEWRHE A IRA R s Bibr( (32 EFE Bk
KHRBHE D s B (H AR Olympus 23 1)



1.2 sRuNP & R R #1245 il sRuNP
HBEAT : B 40 mg FALET () 7K A9 (RuCl, - 6H,0)
HEET 13 mlEAK T, 538 0.2 g MM T 2 ml R C
LIE AP o ERKISR S AP IRIR G, &
KU P AL B S min 5 RFEEIEFE 1 h DB O 58 00 FilTR
o M, TR A IR 2 B A I &
(Teflon-lined stainless steel autoclave) H', T 160 °C T &
TR 7K W (Hydrothermal reaction) 12 ho

SRy 38 R 20 K AORE () A AR S PR RUK I, R
TCAA S 48 12544 sRuNP 3% T 1L 7K e Tl P i T 4 i 48 Ay
5 £, T (polyethylene glycol, PEG). 231k 4k 4lifk
DA R A Sy FLAR S die R s, e AR AR o
BT /KA Y sRuNP B3, 5.
1.3 sRuNP Y RIE % & RS S F b
(TEM) X} sRuNP FIES . 438 -5 kAR o0 iE 172
fESE5E o HUsRuNP K57 (0.05~0.10 mg/ml) 75 43
5~10 min Ji7 , WZHC S~10 wl i 10 - 200 H 4 9 #ik fiE 22
[, Z R HE 1~2 min (ERURIIC R ; B S FIEAUR RS
Wk ik, IR B FRERUE LIRVLZBRER )
PR BEEE RS TR N TR 6 h R T
R

K JH Fiji 5470 T sRuNP FREAE . XF TEM 814
AT R eSS, REALIE BOBURLHEA T 55 550 B LA
W, ARG RS > T 200 4. FirfsHr
BH a3 A GraphPad Prism 10.0 ¥4, &Pk 5010
HITE, R R AT S 0, T
SERPRAR SARE R

K M X 2t T HE i (X-ray photoelectron
spectroscopy, XPS)X| sRuNP [JTL R AL . M MHE
AL AR IESEAT 730 o SR XPS 42t S OT R E HY
THIERI Ru3p. O 1s A1 C 1s AU 4 HEIE, SH4FARIE
PTG 30T, DAVPR AR RuJTE I S 4 &%
EIESRiINTWEN N gl

FPFA sSRuNP 7E RSP S0 254 T (1 o3 Bicha e 1k
H AR B sRuNP 4359 1 25 CAEHLER K K 37 C
RPMI-1640 58 255 R B ICE 24 h, WEEHIE A
PRHIR AT DL € o
1.4 IR FRSCHR A N R A0 5 AS49 K
FH 25 10% Jif 2F I 7 (FBS) Al 19% %5 5 R -85 5 R 1
RPMI-1640 15 55 5L, T 37°C . 5% CO, TH 1 5244
LRI

PLO. 1. 10 pg/ml¥&JE Y sRuNP 73 51| 4b B AS49
YL 24, 48, 72h, >R CCK-8 A5 AS49 4 iy
TEAENL, T P-4l sRuNP U4 A 94 41k

B AS49 40 i 43 A K IR 4] . H,0, #8141 (H,0,
41). H,0,+sRuNP(10 pg/ml)4H, WLZE sRuNP fiE 75 2%
i H,0,175 5 1 A0 S AR S 7 . AS49 il AE K &
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80% ~ 90% M5 FE &, RS T2S S5 A 1 ml Bk
fit, ZEWEHEAL 1 min, FFEBEEEINA 2 ml B354 40
JRLRFT %, A A TR B & 15 ml B0
1000xg B5.0> Smin, 7+ L3, SRAFHMITIIE, IAGE
MBI TE R, JFARINVR B A EE R T
R HbRRES, 50 5IHF T 96 fLAR (100 wl/fL, 5x
10° 4L /L) 12 FLAR (1 ml/fL, 1.5x10° />4 Jiid/
L6 LR (2 ml/AL, Sx10°4if/fL), EFRidi
FrRAm MG EE . B 5 oA W) AR AR & 100 pmol/L
H,0, R FR3E, i S AS49 48 7 AR SN AL R 3
Pt AI0e18] - H,0,+sRuNP £ T L) 10 pg/ml sRuNP 4k
M, SRR 24 he ISR ST A 3 IR

1.5 CCK-8 7A £ AN [A] ¥k B sRuNP T AS49 2l fifd
Pk AS49 Y% s AL BRZE S (96 FLAR), FF b5
Fi. LIS CCK-8 TAEMR HE; 773 (CCK-8:45
FiH=1:9), M 100 w/fL, B37 C. 5%CO,HH
30 min; %5 FALAE ToA LA AFAR R CCR-8 TAEW -
fofi AR AE 450 nm ARSI 25 FLIR O FE (OD fE) . 4
MR AT AT P (%)=(0OD 4 ¥4 —OD
25 F14L)/(OD X} B8 4] —OD %5 [ fL)x100%. 411k 6
MEAL, THmsr ERE 3K

1.6  Calcein-AM/PI XU %t 1 K Ul AS49 2 iy 17
AS49 Ay AL BREE R S (12 LR, 37 RIEFRME,
PBS PR 2 UK. #8150 & 15 W] L i Calcein-AM/PT AL
P TAEW GRECEAE), AL AGE & TAEW (12 Lk
21500 wi/fL), 37 CHEEELHFH 30 min, WFE 455
PBS VR 1K, A/ & PBS {5, 75960 ik
55 R 43 51 5% ) Calcein-AM(FITC 18 i) #5530 1 40 il
R W & E N 490 nm( & Sk B 98 k); PI
(TRITC 8 H TARCIEANAE, HM LI KiE N
535 nm( R ST A5 ), MEIFFRERG, MES
BRI AR —3 BFLBENLEE 6 LB FAE
K H Fiji A T T R s A0 i 5B, THARA
MAETE

1.7 52 AS49 4ilJifd MDA %1 K SOD it 5 As49
YN RD T 6 FLAR, TRANMEIGBE 5 3 S 0 o 4 45 T
THikb B $EFE24h e, WEES AR . R
FH MDA A6 320550 500 5 20 il MDA & 5, #Z Ui 45
e A R I TR AT RO S T RO B
HRPEHRIE 215 MDA 1. SR sSOD kil &
W52 20 fe SOD 614, 442 156 BH 13 S Iy -0 2 W ' %
5 SOD 1. KIS A 3K,

1.8 Western blotting K AS49 41 ffd H ac-SOD2 Fl
SOD2 Fik /K- B AS49 AR T 6 fLbk, Frauffd
WG BE JS FE SL B0 4y AU 25 T T AL B s 3G 9E 240 )5, 57
Ri g2 W, PBS VR 2K . AT RIPA 2L i i (F
10% #5 [ B0 6550, 7K 246 30 min, 397 10] 45 10
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min FRIRGIRS) . IWHELHRG T4 °C. 120001/
min Z.0> 10 min, B IE . SR BCA TR E & H e A
G —Ew . A LR M, 95 CaJgInAE 10
min J5 AR, $EAT T e SEG R FR- SR TR 0 T e Bt e
LUK (SDS-PAGE) 73 &5, Fifi J5 ¢ i 22 3R i — 960 & M
(PVDFE) ., PVDF Ji5 Pl 35 P 2 i B 1he 43
A SOD2 & ac-SOD2 —$i (1:1000), 4°C #F & i
o TBST PRI 3 YK (FF YK 10 min) J5 HILAAH L HRP b
WP (1:5000), FEIEIFF 1 he PR GEREL G R 1Y
S I Ab 2% k6T (ECL) (a9 % . SR Fiji 4 4%
SR R BEAESEA T30, DL GAPDHAEANZ:, it
B H bR UMD Rk i (H AR AR K EE B/ GAPDH JK
JEMH) . SEgRAMar B 3R,

1.9 Siit=2#hb P fdiH Graphpad Prism 10.0 X {F 54T
Geit ot HEFORHIRF S IER 0, Plats £,
Z 20 [8] L R HI ALK 3R U7 22 73BT (one-way ANOVA)
E— 2B PP ZEL 0] U R FH R . P<0.05 22 A 5E

eS8
2 % R

2.1 sRuNP [ il & R AL R ARSMaE R LS il ad 34
I3 T A R T B S50 sSRuNP, TEM WL 45
R IR, sRuNP 2¥5) - EAE B 254, kil
FLUEM, ARELRN A . ARG (K 1A) . RS
SITAE AR R, sRuNP HRIAR S A e, SEHIE S
Wy AR AE, B2 M (2.00+0.18) nm, £k N ~f
LA T 2 om 224 (F 1B) ;s #2853 il 45 1)
sRuNP HA R A1) R4 — MRl 4

K XPS 43 BT sRuNP [ 7T 2 41 % S 35 11 A2
fE(E 1C). XPS 238 Wit il M AFE R A Ru. C
K O JCEFFIEIE, HEmg K ookr i e 20 R A
MU e 81703 Ru 3p 15 i 7R, Ru DL Ru® il
Ru" WA B TE A FE 5 $27R sRuNP AT R 1 4
JE A% SR FAL ST GE M . O 1s i ) 43 P M-
O. -OH J C-O %544y, FUM BRI A1 SR -
AL Z5A B EUEREA . C 1sirp ] 4y HEHE C-C.
C-0 J C=0 “5F¢fEIg, $2/R sRuNP K [AIfE7EA HLEL
B (K 1D) . 45 &M Rk BB U 68 &
KA IS, LRSS RMOTEA R . A%
T 3 T b J2 1 e ) SR e ARS8 4 I A WL AR 1 2
BT sRuNP F 0T, AT I R 4 A K i 5 41
k.

TERIME N, 0. 4. 40, 400 wg/ml
sRuNP 75 25 CA BER/K P E 24 h, 0. 1. 10 pg/ml
f sSRuNP 7F 37 °C RPMI-1640 584 5% 35 KL rhift & 24 h,
R SR F W & UL 5 i 100 pg/ml sRuNP 7 37 C
RPMI-1640 5¢ 4> 15 77 36 HOilcE: 24 h 5 7] WU IE TP A

(E1E. F), Kk, JELL4iMasegemE 1 1 10 pg/ml
VBRI PEHFE .
2.2 K JA] ¥ sRuNP X} AS49 41 il 1% M B 5 i
CCK-8 K ZE S s, AbFR 24 Wit , SxFHAZH HLAR,
1 pg/ml 10 jg/ml sRuNP TR AS49 YR IUAETR R 2
BTG L (P>0.05); AP 48 hIFf, 10 wg/ml
sRuNP b P (1] AS49 4fi i 1 14 B 5. T % (P<0.05); 4k
720l 1 wg/ml 10 pg/ml sSRuUNP K FHFL) AS49 4
JHE P 4T B 8 P IR (P<0.01 B P<0.001, [%]2).
2.3 sRuNP X| H,0, 5 T i) AS49 4 fifd 5E T~ 1Y 52 Wil
Calcein-AM/PI XU YL (25 W 7R, 5 X IR b,
H,0, 1 5E T 40 A (PT BHYE, £ (8) %= B i 3 £ (P<
0.05); 5 H,0,2HH#, H,0,+sRuNP 21 AS49 il fiid 4L
L Calcein FHME (2% () TG 40AE 0 £, FET- 40
W (P<0.05, K3).
2.4 sRuNP X} A549 4l Jifd MDA 5 2 1 SOD i P A9
M Elisa yEAril 45 R o, S5XTA L, H,0,4
AS49 ZH i A PN 8 (MDA) & & B {2 4 155 (P<0.0001) ,
ifii SOD {ifi 11k A i [ fi% (P<0.0001); 5 H,0, 41 L #%,
H,0,+sRuNP £l A549 #il il MDA 7K °F- B} i % {1 (P<
0.0001), SOD IR i3 5 (P<0.0001, & 4),
2.5 sRuNP X H,0, i5 3 Y AS49 4f i ' ac-SOD2/
SOD2 H{H [ RZ T Western blotting £ Il 45 5 i 7 |
X HRAL e, H,0,4] As49 il ac-SOD2/SOD2
LA B 2 T (P<0.05); 5 H,0, 41 b4, H,O,+
sRUNP 41 ac-SOD2/SOD2 [t i W & [% ik (p<
0.001, &lS).
3 4 i

AHIFFE A ) sRuNP KA PE R e M R 4F 5 78
10 wg/ml, 24h 2514 F, sRuNP 4T A549 4iI it ILAA 2
M EetE, ool ks 1,0, S0 A0 /1 R %
Kefg it S A A Ty s AR SR AT S AL O B il
SOD2 Y Z AL AR 52 sSRUNP K 45T AL TR 1 19 1T fik
BLl

MATEHRHIER , AT 5T A8 211 sRuNP J& T4 il
RSF, JTCRARMF B ERRE . TEM MRifE
SGAtAE R B, sRuNPFERAR LN 2 nm, A AR
OYAAE s PREARAIGY SR G T 2 e AR AR L
RS — R/ Nk gh . AR R, J/AR
SPYORMEH LR AR, RERIE RGN E £,
A ) T3 HER T AL SO 0% . ARBFSE T, XPS
ERERMEIH A R, C L OTLEGS, W/ ¥Ru
3p it dEn R A RuP A7, PR PR R A AAAE S B8
A FIET, C1s 10 Ls i s ok
FMAFAEC-0. C=0 L-OHZFHEA, 55+ kh
A HURE LT 5% 7% oK A SE IS, CHFPEG 0%



XX XX, XXXX <5>

209 Ly
. 15 ] [
< — ) Ols
& 10 i N = Risp
e i
x juss)
Eé i
i F‘
Fves 1.8 1.9 2.0 2.1 2.2 1200 1000 800 600 400 200 0
K% (nm) 4iEhE(eV) ©
— SN Ru3 — Ols R Cls
—p e —
—Ru —M-0 —cC-C
— Ru* — -OH —C-0
N N - | ==
2 5| —H&E 5 | —HRK
= oS, o
=y B B
H = =
4—é0 4é0 47.0 46‘0 538 536 534 532 530 528 526 292 290 288 286 284 282
B TE(eV) Zi5 Tk (eV) 45Tk (eV) ©

0 4 40 400 0 1 10 100
A= AR K (pg/ml) ® 164058 2 55775 (ug/ml) ®

Bl BT TR IURL (sRuNP) RIS . T2 4 A S A Mg e MR A

Fig. 1  Appearance, surface chemical properties, and in vitro stability of water-soluble and biocompatible ultrasmall ruthenium

nanoparticles (sRuNP)
A. sRuNP 7E3& S L W BE T IR B R GeiTEl, KidR 4 (2.0040.18)nm (n=200); C.XZIGHFREIF(XPS) 21 ; D. 41 (Ru)
3p. %(0) 1s. BR(C) 1s =i HEiE; E. 7E/E AR K R A28 Pk F. 75 RPMI-1640 58 £35Sk i e M

1201 K PRI D 0 F sRuNP T, 13RS5 AR T b
- RS HRTERE , ALY K IRRE | AN BOHE SR S
i LR T 4 BB A

2 0l F A5G R F CCK-8 T DAY sRuNP X AS49 41 i i

- . PERORSI ;255 5%, sRuND A1 EHE 5B

g o I P S50 LR . 76RO 24 b, 1 ug/mi 20

10 jugg/mi 215 56t JE2EL (0 yugg/ml) 406 7 4 5 T 99 1 2%

N S Sy BRI X ) Y sRuN 24 JC ] 4

20‘“%””“ ' ' Vo (HBAEAEFIRTIEE K , 1 png/ml 2L 10 pg/ml £

2 4 7 AL P B TR I A K T 818 T e, E72h, 1

) pg/ml 411 10 yug/ml 415 AS49 AL 7 1 50 A b5

B2 IRl B T A PR T AN K UKL (sRuNP) X AS49 4 3T SRUND K IR B2 X A0 A — 52 F 2 K
RIS B2 (CCR-8 K, n=6)

FHo I, 10 wg/ml Y sSRuNP 7F 24 h A JGHA 40 iy

Fig. 2  Effects of water-soluble and biocompatible ultrasmall
ruthenium nanoparticles (sSRuNP) on activity of A549 cells (CCK-

Bk, SRR B SR T a R “f
SR THLHIERR” BB ee, Awrsy
*P<0.0S, **P<0.01, ***P<0.001 TEJG 24/ H,0, 175 F 4 AL T~ S AR CHLHIMAH 58 it

8 assay, n=6)
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Fig.3 Effects of water-soluble and biocompatible ultrasmall ruthenium nanoparticles (sRuNP) on AS49 cell death induced by H,O,
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