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[HBE] B - R B K5 -2 & B (ceria nanoparticles-polyethylene glycol, CeNP-PEG) i [ i #: 4 (reactive
oxygen species, ROS) . 3% # R WAL 4 (dextran sulphate sodium, DSS) 75 5 1/ Bl 45 W & 52 0 16 30 B 09 85028 .
Fik - H N SRR A KA . e S T W OR SRS AL g kA, AR 2 TR IR EERE IR ME £ R (mPEG-DPSE)
161 I 1 4l )5 73 ) 464k 19 CeNP-PEG. )i FH % 5 H T i ff( 5% (transmission electron microscopy, TEM) 122 5t i it
(dynamic light scattering, DLS) MZL E CeNP-PEG Fif% Fl zeta HL (v % . (KAMNEFR/INREMEANAE (Raw264.7) FFiES AR
fRRFI (M1FEAR), KA 0.5 pg/mL Al 1.0 pg/mL CeNP-PEG 435! 4b Bt M1 & 7 |5 105 41 g 5 ) F Western blotting £6; i1 42 5]
F-«kB (nuclear factors-kB, NF-«xB) {5 il B AHOCH I35 M8 1k, #9%E DSS 53 1Y/ BRUAh I RASE R I AE i 501 [R5 DL
FrlkiE 4 CeNP-PEG (1.0 mg/mL) 3K, [RIHSYEINIE R XFH44] (Normal41) , HEHIZ] (DSS4L) Fl CeNP-PEG JAYT 41/l IA
B FEE MRS Mk BSE, TE SR E RAE /Y 5 S 2 45 B (disease activity index, DAID) o ] A 4 BE
(dihydroethidine, DHE) 3t 746 /)N B i 20 24 (% ROS 7K - 9138 1 SE A %6 Y6 28 i PCR (real-time quantitative PCR, RT-
qPCR) Hill 7B SR AEANAE R Fy T3 % (interferon-y, Ifn -y) . EFYIIESZE-6 (interleukin-6, 11-6) . II-15FIRi SRAE R
F-a (tumor necrosis factor-o, Tnfa) ZEIERAFIEAKFE, Z R - TEM M DLS 45 5 578 & i i) CeNP-PEG /K& Riit ly
(6.96£0.27) nm, V¥ zetalifiily (-6.02+1.31) mV. Western blotting £ 5 il /R AIE 48 F 75U 5 W 240 At 45 %of A 4 4 i p-P65 2235
WL, BHF-«BIHIEN o (NF-kB inhibitor-a, IkB-a) Fik/D>, ZAFEHKEE CeNP-PEG T-HilJi p-P65 Ml IkB-o ik i
TR . AN I SR, CeNP-PEG iR 77 40/ UL DSS A1 iyt 4 /b (P=0.000), DAIT43 # K (P=0.000) .
738 240 21 RT-qPCR 45 B 7, DSSZH/N Y Ifn-y. I-15. 11-6 FIl Tnf-o ) mRNA 7K %8 Normal 21 5 % A (3 P=0.000) ,
CeNP-PEG]] J“Fi’a'fm M7 . DHE (AR IR, DSS i 2 21 HY2¢ 60 4 Normal 21 8 5 138, CeNP-PEG YT /G
YL . 4518 - CeNP-PEG A4l l7 18 48 E [F T (2235 B AL 46 H W40 /S NF-«B 8 IE il R i35 1, BRI IE ROS, L
i&%ﬁﬁzﬁﬁﬂ‘lﬂﬁ?ﬁﬁ@ DSS 1753 (17N FRE5 1 R (950 T 30 B
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[Abstract]
oxygen species (ROS) and alleviating disease activity in dextran sulphate sodium (DSS)-induced colitis mice. Methods*CeNP was
synthesized with the hydrates of cerium acetate, oleamine, and xylene, which was modified with polyethylene glycol-stearyl
phosphatidylethanolamine (mPEG-DPSE) to obtain CeNP-PEG. Then CeNP-PEG was purified. The particle size and zeta potential
of CeNP-PEG were measured by using transmission electron microscopy (TEM) and dynamic light scattering (DLS). Mouse

Objective To investigate the effect of ceria nanoparticles-polyethylene glycol (CeNP-PEG) on scavenging reactive

macrophages (Raw264.7) were cultured in vitro and induced to a pro-inflammatory phenotype (M1 phenotype). M1 macrophages
were treated with 0.5 pg/mL and 1.0 pg/mL CeNP-PEG, respectively, and then Western blotting was used to detect the expression
changes of the proteins related with nuclear factor- kB (NF- xB) signaling pathway. DSS-induced colitis mice models were
constructed, and CeNP-PEG (1.0 mg/mL) was intravenously administrated for 3 times via tail vein during the modeling period.
Meanwhile, the body weight, fecal characteristics, and frequency of rectal bleeding in mice were monitored in the normal control
group (Normal group), the model group (DSS group), and the CeNP-PEG treatment group. The disease activity index (DAI) was
calculated to evaluate the intestinal inflammation. The level of ROS in mouse intestinal tissues was detected by dihydroethidine
(DHE) staining and the mRNA expression levels of inflammatory cytokines interferon-y (I/fn-y), interleukin-6 (//-6), II-1f} and tumor
necrosis factor-o(7nf-a) were detected by real-time quantitative PCR (RT-qPCR). Results- The hydrated particle size of synthesized
CeNP-PEG was (6.96+0.27) nm, and the average zeta potential was (—-6.02+1.31) mV. Western blotting results showed that the
expression of p-P65 increased in the pro-inflammatory macrophages compared with the control group. The expression of NF-kB
inhibitor-o (IkB-a) decreased, and their expressions tended to recover after the intervention of different concentrations of CeNP-
PEG. In the DSS-induced colitis models, mice in the CeNP-PEG treatment group lost less weight than those in the DSS group (P=
0.000) and had lower DAI scores (P=0.000). The RT-qPCR results of intestinal tissues showed that the mRNA levels of Ifn-y, 1I-15,
1I-6 and Tnf-a in the DSS group were significantly up-regulated compared with those in the Normal group (P=0.000), and all of
them significantly decreased in the CeNP-PEG treatment group. The results of DHE staining showed that the fluorescence intensity
of intestinal tissues in the DSS group was significantly enhanced than that in the Normal group, and the fluorescence intensity
decreased in the CeNP-PEG treatment group. Conclusion*CeNP-PEG can inhibit the expression of intestinal inflammatory factors
and the activation of NF-«kB-related inflammatory pathway of pro-inflammatory macrophages, eliminate intestinal ROS, improve the
intestinal inflammatory microenvironment, and alleviate the disease activity of DSS-induced colitis in mice.
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AT 22 fiff IBD RAFE
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(ceria nanoparticle, CeNP) % A [7] B /7 £ Ce™ 5
Ce", F I M e A Ak 1y I8 Ak Tt A ek 1 S i 400 il 0%
e, ATLCASOERREEE T (0,07) . BEA A
(«OH) FIEMA (H,0,) . BRILZAIM, CeNPH]LL
AT AR AL, i CeTM Ce REM I AL, ELATEER
MR B Pt f . AT s ™
UESE T CeNP-% £ 2 (CeNP-polyethylene glycol,
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FETER . AR R R S £ 4 Ak A 2 Rk
s SRR b B R AP RN A . Aitser, A
& W CeNP-PEG, 1Al HoK & K042 Fl zeta AL, JF
3 AR Ah S KN RS AL, RS I X IBD A IR T
R

1 HBE5ERE

1.1 Mk
111 LW K40 Ml SPF 9% 4~6 J&] 0% Hfi
C57BL/6 /NRUE A WL e @ AR A ], Sesshiy =
VFATIES i SCXK (#7) 2019-0001. FrA 5286 Fl /N
FRUE8) 1) 35 7 16 52 38 K2 BR 24 B B I 2R LN IR = B
SPF Z2h¥) 5, 524 s W 4f 1 AT RS O SYXK
(¥7) 2020-0025, 12 h [ FGEIRE 228, R (25«
2) °C, /MR EBRE., /NS E AR
Raw264.7 Il [ 5% F A 2 55 77 90 % 8 1 (American
type culture collection, ATCC) #ffiJE.
1.1.2 FEELE R A EH/NRIFN-y (M
BB AR A ED), IR 2B (LPS, £ H
MedChemExpress) , 8 DMEM 5 3: 3 (K& X4
AEYHEARAEBRAT), M4 (3€E Gibeo), RIPA
S % P . BCA B A s A IR & . A A% 2R
F 540 R A il AR R & AR S AR Ak )
(HRP) Fricfhifeiiik (A0208, 1:1000), HRPHR
WWEHRPUAE (A0216, 1:1000) ( F#EEZEERAY
BEAABWRAA), BEAAWHE RN 4 2w
(dihydroethidium, DHE) . S} %86 # PCR (RT-
qPCR) &7 & . Rt & . DAPLAN AL Y (511
( 2¢ [# Thermo Fisher Scientific) , % $i % ig {k P65
(p-P65) Z ik (ab86299, 1:5000) . it
K F-kB I 4 o (NF-kB inhibitor-a, IkB-a)
FEREHLR (ab32518, 1:5000) (Fi[E Abcam), i
H I W3- B R B A B (GAPDH) B 5w B Bt A
(60004-1-1g, 1:2 000) (3 [ Proteintech) , #ij R b
Wila4h (DSS, 2 [E MP Biomedicals) , &8 [ it izt
Fl& (HHERM A YRR BR A )

BB PO Wi (DMI8, fE[E Leica), fh2¥hl
1% 5528l (Fusion FX.EDGE, f#[¥ VILBER), %}
M7 W8 (TEM, JEM-2100, HZAKJEOL), 4%
Bi B M zeta HL { {X (Zetasizer Nano-ZS, 3%

Malvern) .
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1.2.1  CeNP-PEG Wy & i . #lifb 5 RIEK M HL
0.43 g BEFR AN /K &9 . 15 mLihiE 5 15 mL 2§
MHEIREG, BUETHEMAL, 208 25 E %
W1, SRJ57E 110 °C. ASHEEH A 1 mL X ZE K
3 h 135 CeNP, WHIEZRT, MAFE, 7EFIR
T 11 600xg # 0> 10 min 73 F] 4 fk ) CeNP. FR &
50 mg 2 £ —WE- A A5 BE W IR B £ BE R (mPEG-
DPSE, 0.0185 mmol) 5 10 mg CeNP, 7 2.0 mL %
DR ARG S IEETE2 he 1 60 °CIYHEZS 54 F
FHe 7% % 23 78 % 30 min, fIIA 10 mL XGEK, -
Y 5 min 5 A U8 & (U A XT3+ B o
10 000) i % ¥ £ 4% (9 mPEG-DPSE, 15 2 4fi k. i1
CeNP-PEG.,

TEM KR 4% . TEM il i i 1 i & b 200 kV,
VERE L A7 O X OU g . sh AL (DLS) il .
TE25°CF, i FHY KR K zeta HE AV AL 42 CeNP-
PEG MR 7127 H AR N zeta FLA .

1.2.2 difERigE  HAifE s b a B IRZH (Control
A, TCAEfTabEE) . FHMERINZ (Positive 4, 100 ng/
mL LPS+20 ng/mL IFN-v J# ) . 0.5Ce 4l (100 ng/
mL LPS+20 ng/mL IFN-vy | #{+0.5 pg/mL CeNP-PEG
T#i) F11.0Cedl (100 ng/mL LPS+20 ng/mL IFN-vy
] # +1.0 pg/mL CeNP-PEG T #i ) . & ¥ J5 (1
Raw?264.7 21l it Z il FH 25 10%FBS (175 B DMEM K %
WCE T 10 e SR ILKG %, 4005 2 29 09 70% I
0.5Ce 41 1 1.0Ce 2H 55 72 W 43 ) B4 1 75 0.5 pg/mL Fil
1.0 pg/mL CeNP-PEG R #Tif 5555, 35952 h, A5
P Positive ZH . 0.5Ce ZH 1 1.0Ce 2H K% 3% Wk 8 i% &
100 ng/mL LPS+20 ng/mL IFN-~y [ 37 ff 5 5% W& ,
Control 2047318 F & 10%FBS 1 5 B DMEM 1 5% % 15
I, 24 hJE SRR MIREAS

1.2.3  Western blotting # Il  f8 H] RIPA & fiff: i #4
Raw?264.7 4 Ml i) 26 11, 55 BGHE 43 40 R 400 e A 2 1
55 20 B 3R A i B R 43 ) B A A S A B B
FI, JF0EFH BCA B 1 A k751 6 Al i 2 1 vk
. BALG TERMNEAREITRIKE, %I
PVDF i I, 5% BEAR W34 346 2 h, TBST &k 3 i ;
SRJG 5 p-P65. IkB-o. GAPDH—#iI 5 , 4 °Ciik;
BH, WELHAM—br, TBSTIHVE3HE; SHNRY
“PiE 1 hE, AR EPLE R

1.2.4 DSSifEFI4E R/ R AR # 5 CeNP-PEG
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T NEST 3, A IE A B4] (Normal
). B4l (DSS4L). CeNP-PEGIRITH. 45K
WAL E I 9 d, 55 1~7 H ¥ DSS 41708 B H K B 4
H 3%~3.5% 1 DSS KW, 55 8~9 H Bl Sy WK
CeNP-PEG iR 41/ 47K K& 5 DSS 4 — 3, {H7E
WA 3. 5. 7 H R #KkES 1.0 mg/mL i) CeNP-
PEG, Normal 41 #ll DSS 41 43 5 i1: § PBS; Normal 4]
/NIRRT T RGEK . R AR S/ BRI R 5
S S EEAE MR, o0 2o ot ) A /N B
F14) R I 555

1.2.5 WiEHAZROS KR T B2k H E
INEREE IS, PBS ISR I 2 AT N 259 I I
KA TS5 N 24K 4, T OCT A 345 fu 3
AL IR AT (1) B 18 21 2 VK 2R U0 R HL T AR EE 4 pom (1)
UKD F . VKRV F B T PBS iSRS A2, (]
ZHAL 2 A AL 20 S5 Bl Xl B, 1) BB PR i 100 wL DHE,
B & S RN 30 min i, FH PBS WYL, AN
DAPI YL B8 J o fiff F 1 B 9O W 0 76 & G ik
580 nm. AWK 480 nm AbFREZE G EIE

1.2.6 RT-qPCR T &2k H B/ BL45 i 4l 4L,
TRIzol £ B RNA JF FH 5 4 510 &5 A 7 S e 5 o
fifi I RT-qPCR &) & 9647 H 19 SR 1991y, L actin
YERWNZ, G190 R AR AR BRA "l T
G, PN,

#1 RT-qPCR3|#FF!

Tab 1 Primer sequences for RT-qPCR

Gene Sequence (5'—3")

Forward: CCTGTAGCCCACGTCGTAGC

Tnf-
na Reverse: AGCAATGACTCCAAAGTAGACC

Forward: ATCCAGTTGCCTTCTTGGGACTGA

116
Reverse: TGGCTAAGGACCAAGACCATCCAA
L Forward: CTTCAGGCAGGCAGTATCACTC
B Reverse: TGCAGTTGTCTAATGGGAACGT
Forward: AGCAACAGCAAGGCGAAA
Ifin-y

Reverse: CTGGACCTGTGGGTTGTTGA

Forward: CAGCCTTCCTTCTTGGGTATG
Reverse: GGCATAGAGGTCTTTACGGATG

actin

1.2.7  /NERPEIRIE Sh AR ECWI /N BRI B 48 5K
(disease activity index, DAI) MIEFR ARk . KAHEIE
OLUEATPE 43 AR 0T 2 9 2D <3% sl 44 T 4 14 fin e o 0
G, VR TR D 4%~10% 0 R 1 4y, AR R e b
11%~20% 12 H 273, ARBUE IR A>20% 1 378 K
B 0N T I8 S A TCR 8 2 407 AT EAS, TG
M . JEREAEIC R 043, A ifE BAREIC 257,
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A A58 A A A5 T L A BB T R 193 A PEa AR AN
1358 DAIT Sy

1.3 HKilF#ah

HH GraphPad Prism 9.0 A #EAT G124 0¥ . &
OB ks R . 241 AR F B &R 7 2243
M, Z 2R B PP L3R I LSD K 4. P<0.05 %7
RO R

2 5R

2.1 CeNP-PEG [15; #2 Fl zeta HL fr 46

i 3 4T BE R TEM AR By S AT I, & i
CeNP-PEG kil (1.816+£0.298) nm, 4 FA160
SCEGEIK ; DLSIEZE R /N, CeNP-PEG 1E A& /K
PR AR T 2 HAR ORBRR) REAME (696
0.27) nm, “F¥zetatifiily (-6.02£1.31) mV (&l1).

2.2 CeNP-PEG X} FLWE 4N i NF-xB {2 %2 {5 - i %

149 5% Wi}

Western blotting %5 5 {7k, Positive 2 B[} Fi 10 4f
M G A 48 80 i NF-B il 5% 1Y A 56 25 1 p-P65
ik %, kB-a ik, #RMIERERME
I 240 if v NF-B 3 % 0 5 10 2 B2 B Sl 3 s e 1]
0.5 wg/mL 8% 1.0 pg/mL CeNP-PEG T 1 fY 0.5Ce 2H F1l
1.0Ce 4177, p-P65 315 % Positive 41 1 gy />, fif
IkB-a ik B3 L, /R 0.5 pg/mL 5§ 1.0 pg/mL
CeNP-PEG 1] L) #1 ill {4 71 5 5 20 Jitd NF-«B 38 % 1) 1%
k. (E2),

2.3 CeNP-PEG X &5/ 487N Bl DAT IR 250 36 380 %

0 % 1 A3 ] Normal 41 . DSS 415 CeNP-PEG
TRITA/INR AR . SRR S M A, AL
RN T RS 5 DAL, 459 R, B TR
PE4T, DSS 41 CeNP-PEG 3497 41 /)N R 4 o B 0 1
BRFE, DAINMEI BTk, SElsZaEH (56
9H), DSSZ/MRMAFT R T FEEYILRER 80%, ~F1Y
DAI 4 8.03+1.65; CeNP-PEG JAYT 41/ BUA T T [
BYIEIEY 92.5%, Y DAL N 4.97+1.11, HJ CeNP-
PEG IR Y7 41 /N BRI Ji 38 48 AE 5 9 1% 3 i 458 DSS 41 W]
W, 7R CeNP-PEG AT 1T LA 3 035 45 1 2 /1N
FRAERTE SN (1813).
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Note: A/B. Representative images of CeNP (A) and CeNP-PEG (B) (x10 000). C/D. Hydrated particle size (C) and zeta potential (D) of CeNP-PEG.

1 CeNP 7l CeNP-PEG HIR1E
Fig 1 Representation of CeNP and CeNP-PEG

Control Positive 0.5Ce 1.0Ce

Nuclear p-P65 i - h ﬂ

IkB-a
Cytoplasm p-P65

GAPDH

E 2 CeNP-PEG X/ EBEHE NF-«B R X5 SEHEXE
BRIEKTFRIRM

Fig 2 Effect of CeNP-PEG on the expression levels of NF-«kB
pro-inflammatory signaling pathway-associated proteins in murine
macrophages

2.4 CeNP-PEG M)At 412 R AN 1~ 43k 11
A
PEBGEAZL 1 H Normal 41, DSS 2 fil CeNP-PEG
BITHRNEIBIEZH S RNA, 1855 RT-gPCR A& fi7 1
RN F ) mRNA B K. 458 B8, DSS
/N A Ifn-y . H-1B. 1I-6 F Tnf-a 40 i X
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T mRNA 7K % Normal 2H 5 2% FIH, TWi45T CeNP-
PEGIRYT 1/ FUIE 5 4 P 7 mRNA 7K P-4 DSS 41
EFEAL (3P=0.000), (A3 % 5T Normal 41 (3P
=0.000) (El4). FR&ERIEREE %/ pHEA
W Ifn-y . 1-18. 11-6 7 Tnf-oa Z-AE R AN IR T 19 #35 f.
LA, W CeNP-PEG /Y7 1l B S 10 1 iz 3 412 2% 40
PR ik

2.5 CeNP-PEG *} &5 )14 % /s Bl 1A i ROS K °F- I

A

PERGEFLZ 1 F H Normal 41, DSS 4 fll CeNP-PEG
RITA/ N ES I 2, & VKR U R JF 64T DHE
Yuft,, DHE Yo )5 otm R ROS & ik, 4521
R, DSSZL/NEES A 2 DO BE 4L PBS 241 W]
AN, T CeNP-PEG IR Y7 4145 I 41 4158 i Ji 48 DSS
ARk ES (E5) . $2/8 DSS 41/ U il 4141 ROS
JKF-B S9N, CeNP-PEG 1 LA Ri i 5 25 1 %6 /)N
JiE 2 it i ROS .
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110

© —e— Normal
—&— DSS
6 | —* DSS+CeNP-PEG

100

Relative body weight/%

90 @
—e— Normal 3r
80 - —— DSS ®
—4— DSS+CeNP-PEG
0 $ ®
70 1 1 1 1 1 1 1 1 1 T )
DI D2 D3 D4 D5 D6 D7 D8 D9 DIO DI D2 D3 D4 D5 D6 D7 D8 D9 DI0

Time Time

Note: A. Relative body weight of the mice compared with the body weight on DI1. “P=0.001, compared with the DSS+CeNP-PEG group; ®P=0.001,
compared with the DSS group; ¥P=0.000, compared with the Normal group. B. DAI of the mice. YP=0.000, compared with the Normal group; 2pP=0.000,
compared with the DSS group; “P=0.000, compared with the DSS+CeNP-PEG group.

3 CeNP-PEG Z #2515 5/ R FBR i 3 B B0 97 B0

Fig3 Evaluation of the effect of CeNP-PEG on reducing disease activity in the mice with colitis

A B C D
20 - 8 40 201
— 15F 5 6 T — 30 F T 515" T
4 z g 5
kY 5 5 &
< < <
Z 10F z Z 0t Z 10+
[~ °é & Dé
E
N > E si ©
£ 5f ® = =10 S 05+ T
® © D
0 —-\ & 0= G 0 '1\_) é_ 0 —i\ G
F & L & & ® & & ® F & L
‘%o ‘%Q/ %0 %QI ‘%0 %Q/ ‘éo ‘%Q/
o2 o2 o2 o8
= = = &
& & & 9

Note: A. [fni-y mRNA level. YP=0.000, compared with the DSS group; 2P=0.000, compared with the DSS+CeNP-PEG group; ®P=0.000, compared with the
Normal group. B. //-13 mRNA level. ©P=0.000, compared with the DSS group; 2p=0.000, compared with the DSS+CeNP-PEG group; #p=0.000, compared
with the Normal group. C. Jl-6 mRNA level. “P=0.000, compared with the DSS group; ®P=0.000, compared with the DSS+CeNP-PEG group; ®P=0.000,
compared with the Normal group. D. Tnf-a mRNA level. ‘T:P=0.000, compared with the DSS group; 2p=0.000, compared with the DSS+CeNP-PEG group;
p=0.000, compared with the Normal group.

B4 CeNP-PEG %4507 2¢ /N FRA7 B (2 2¢ 240 B [ 3R 12 7K S 9 R4 i

Fig4 Effect of CeNP-PEG on the expression of proinflammatory cytokines in the colonic tissues of colitis mice

DSS+CeNP-PEG

DAPI

100 pm 100 pm
DHE
100 pm 100 pm 100 pm

5 CeNP-PEG M &7 2 /NR B 847 ROS 7K FHY 3500
Fig5 Effect of CeNP-PEG on ROS levels in the colonic tissues of colitis mice
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IBD 4 G IR IT 5 A7 s 8 . R R
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