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WE: T 5 RMAS Y A& 52000 G E AL 849K (superparamagnetic iron oxide nanoparticles, SPIONs) i 5
I 0 0 A A T B A SR B DR 25 . K43l /)N B SPIONSs 75 5 15 I 441 g M1 A A 0 SR 4, e vk, SR FH & BRI
SPIONS 3 T A& i 7 12 34 7T 38 038 9 B AV IR I H B AR HIT 57848 FH 7% 77 #4432 1) % SPIONs 35K ] Box-Benhnken 1
Oy A S BG WETE R N TR AL ) 4% O 1k, $R 15/ RLAE SPIONs. DL S £ B (astragalus polysaccharide, APS) A
SPIONs s /K MR HE 14, il i EDC/NHS B A6 i sl T i 2 35 1 22 -8 U 1 4 AL Bk 4K 52549 (APS-SPIONS).
KBNS G U A AL AP A0 APS-SPIONSs (19 45 ¥ 1E AT 1IE ; 5K F 2 e 6 BE 0k L 2 0 & 24T RAE; i =X
4l ild R % 82 APS-SPIONSs X /5 5 RAW264.7 4l il #% 44 ) 52 W ; #4 i RAW264.7 5 W 41 il 55 HepG2 A AT & 41 fi
Transwell 255 F2 1K R, W25 5 %245 24 J5 e 41 B A4 A 2% 75 il 988 240 J 1) 28505, CCK-8 (cell counting kit-8) 757 %% APS-
SPIONS i /s R B A% 5 052 4 il RAW264.7 (19 36 FE v 14 52 o e 28 B 2 1) 45 0 42 7E (82.93 + 1.47) nm, zeta FL 17
(=24.00 £ 0.47) mV ] APS-SPIONs. ZH&1l, % b5l 8.69%, #& &N 7.04%. APS-SPIONs 7E{A4N Al 44 2%
RAW264.7 [a] M1 ZU AR 4K, T8 L35 7k 22 v B2 v (50 40 Bt T e 200 PP 235493 8 g, L i 5 0 41 ) 46 4 D 400 bt 76 PR o
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polarization induced by superparamagnetic iron oxide nanoparticles (SPIONs). The smaller the particle size, the
better the polarization effect of SPIONs. Besides, the reasonable SPIONs surface modification method can also be
used to enhance the polarization effect. In this study, SPIONs was prepared by solvothermal method and optimized
by Box-Benhnken center combination design and response surface method. Furthermore, astragalus polysaccharide-
superparamagnetic iron oxide nanocomplex (APS-SPIONs) was successfully constructed by EDC/NHS
esterification method. The structure of APS-SPIONs was confirmed by dynamic light scatter and infrared
spectrometer, and the contents of iron and polysaccharide were characterized by spectrophotometry. The effect of
APS-SPIONs on inducing mouse macrophages RAW264.7 polarization was investigated by flow cytometry. The
RAW264.7 macrophages-HepG2 human hepatoma cancer cells Transwell co-culture system was established to
investigate APS-SPIONs improve anti-tumor function of macrophages in vitro, and the proliferation activity of
APS-SPIONs on RAW264.7 detected by cell counting kit-8 (CCK-8) method. The results showed that the average
particle size and zeta potential of APS-SPIONs were (82.93 £ 1.47) nm and (-24.00 + 0.47) mV. Polysaccharide
and Fe content were 8.69% and 7.04%, respectively. APS-SPIONs effectively induced the polarization of
RAW264.7 into M1 type in vitro, improving the anti-tumor ability of macrophages in a co-culture system, without
effecting the proliferation of macrophages. Our study provides a drug development strategy and preliminary
research results to educate macrophages and reshape the tumor immune microenvironment to achieve tumor-killing
effects.
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e A A6 Bk 98 K ki (superparamagnetic iron
oxide nanoparticles, SPIONs) j& — Ff fi 2 7F 100 nm LA
N, EELEHA a-Fe,0,.y-Fe,0, 5k Fe,0, I LA K A4
BE, R B A R G 1R 8 UG e AR 4 2 P R T A )i R
F T AR 52 Wk G o7 st . T 4R i 5T R BB,
SPIONs A AT 1 gt e 4i i 5 771, 38 AT AR Ak 5 G e
6977 . SPIONS 7E 1A PN #h 121 BE A7 2t 175 3 i R 4 5%
5 I 40 Al (tumor-associated macrophages, TAMs) Hi ¢
Jieb g () M2 R4 [ 470 e 1) ML B AR AL, S s 8 R Bt
i JRE S B AN RS A o F 5 R B, SPIONS [ RLAR ik
/N (10~50 nm) BRI 5], B 75 5 i 3 & 4E H B TAMs
PR, KRG AAEAE R o 17 SPIONS [ R~ 5 il £ 75
EEYIMG . ILPTIE L H AT £ SPIONs #2421
T35, A b KA 7= g L) 7 R R S BR
VB /R B, %35 4145 1) SPIONs 4776 KL 4% 43 A5 12 58 14
S 5 22 () Ta) B, DT i) £ A Sy B 2 TS 245 P R I PR
JSL T 7 ARG 2 A i SPION [ 48 81 5 vk 2
—, fE i = R AT, A BRI 5 A R T 2R K A
PR A J 5 T il = R T

B ST R 25 41, SPIONs [ 3 THI 2 1) 1 /2 5% i 3
KRG EER M EERE . H T B SPIONs 2% £
AT S TRE, RICEKEREMMOEZ
SPIONSs ¥ FH T AE W04 N o AN 0T /D (A 2505 g o BB
B SPIONs ¥y = B R B A Z WER K7y TR E,
Lo R OPES, 3% K £ W (astragalus polysaccharide,
APS) & —FpsE KT 20, REFEMRESR

Heo BbAh, AR TR I EAT R 4 4 i ) M1
WAL E Y. — J7 TH APS A 45 & TAMs | [f) Toll £
524K 4 (Toll-like receptor 4, TLR4) % Notch i %, 121
WG % B F «B p65/£42 ZE R 15 L E A BB (nuclear
factor kappa-B p65/mitogen-activated protein kinase,
NF-xB p65/MAPK) {5 53l i, {12 #f TAMs b 4 10
ft & (interleukin, IL)-14.IL-6. % 5 A — & 1k & &
(inducible nitric oxide synthase, iNOS) Fll i I8 34 48 K] F
(tumor necrosis factor-a, TNF-a) )ik L, 5 #] T
TAMs 3X 5l 73 Ly M1 R, 55— 71 APS iE W] i i
TLR4 %24 [ i CD40 1 CD8O [¥1 % ik, 45 F T 3 4 4
o R, [AG, APS {2 SPIONS 14 & 16 4 4 F)
TRt DRI R RALKIRE T

25 b, NAFRAR BN B A e i M B 1 AL Bk
A KL, AS AT 5T R ¥ 7 #0225 SPIONSs, AW 3 [
ARG 4% 07 1%, 9+ LL APS f£1fi SPIONS, 1 @& 3 1 %
5 — 7 I 1 AR AL R 9 K 2 & ) (APS-SPIONs). %)
APS-SPIONs P Ak 1% 5t 3t 47 R AL, JF X HAK S5 &
RAW264.7 4 I A A0 T 1k S AE S 8 95 4 A% o 428
200 70 R A I HEAT AT, A fiJRg e 2 245 0 (R O A 4
PLBT AR AL o

MR57EE

RFIEFE4  APS (4 70%, L5 C29J9Y53671).
T KA B BB (5 20170214) MTT [3-(4,5-
dimethyl-2-thiazolyl) -2, 5-diphenyl-2H-tetrazolium bromide,
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fit 5 H25N11B130393] (¥ M A 7)) T K LR N
(P mi Ak 2250 ), 165 201120486F); N7k & = &AL Bk
(BR e &), it 5 C12150140); 4 75 BR 4 & (it 5
RH329968). N- #& % B% H1 lt W ik (N-hydroxysuccin-
imide, NHS, it 5 RH311354).EDC [1-(3-dimethylami-
nopropyl) -3-ethylcarbodiimide hydrochloride, #t =
RH292074] P4 ¥ JL K R 1% (3,3',5,5'-tetramethylbenzi-
dine, TMB, it 5 RH350577) (L i % Bk F A ); —
4 WE (3£ Sigma 2 A, #£5 102414871); CCK8 4l
it 388 A R TR B (H AR R AR A F], fiES TS545);
DMEM = #1772 55 (32 18 Gibeo 24 7], #ib45 8122331);

54 MG (FBS, Wil fii e 2w, k5 MU1502); fif £
B¥ (lipopolysaccharide, LPS, #t %5 22167100). 75 — %k %
FIRA W (%18 Biosharp 22 7], 41k 21326990); 4 i K]
- IL-4 (3% [# PeproTech 24 7], fit 5 012149); $i/)N i Fe
2 K BT 771 (TruStain FeX™ PLUS, #t5 B321333). 41
/INER CD206-PE/Cy7 (phycoerythrin/cyanine 7) HiiA& (it
5 B353129). $ii /) i, CD86-APC (allophycyanin) #i {4
(35 B317522). /) i, F4/80-PE Fii 44 (3t 5 B340064)
(% [# Biolegend 2 wl); — H & Wi (methyl sulfoxide,
DMSO, 1 [H BioFroxx 2 m], it 5 EZ7890A253); i 1t
96 EH (DCFH-DA) Wi & G5 = R~ v, #its
101221220303); 0.4 um Transwell /N = (€ [E Costar 24
A, fit*5 03822016).

128 BB EESHX (DLS, 7L [H Malvern 24 #);
BAMPOGEE T (B REDEERCE IR A R)); K58
F14H B 5% (field emission scanning electron microscopy,
SEM, ## 7 Tescan A 7]); 3.0T #Z s LR H54 (= H @
A AR, IRDEE S ELE T (32 1E LakeShore 2 1]);
VR T T B DAL ZLAM G AL B FRAX (35 [ Thermo 24
A)); Vi Al A4 (32 [E Beckman Coulter 2 &]); 1+ 543
Z =M1 RF (Ffi & Mettler Toledo A #)); Jifr 2 —%
M RF (R RSP AR A A

YHAR /B A% B A RAW264.7 N i 2
il HepG2 (1 I BL B 1 i 240 o)

SPIONs B il & A% 52 4% 1k FH & 71) #h 0k ) &
SPIONs, THSL56 #7700 R : FREUTE K ZR4M 0.75 g-
IGEREN 0.75 g /N KA =& 48 0.27 g T 50 mL
JRBENE P, PA— 8 & = & R NIE I AR, WL i bk 2%
PA300 rmin” Hi 4 12 h J5 N sl A6 O . BAIG 7K
BB 3 R B AFUTHEY), T 50 CHZ TIRM T
12 h, BI75.

SPIONs & HERNBERRER iHhiES
L [R5 7R AR B2 I P S LA 180~200 °C, i (1] i [
£ 8~20 ho ASEEG AIRIF/MKEAE SPIONs oA H [ #E47

il £ T VA I B R 2R 28, o 2 SO R 1) O B T
160,190,220 °C, J B [E] 7210413 h, AL 12,
14,16 mL X b2 gemi . 205250 R 3K, BCP
18 % 52 & K 6 SPIONs R4 FR) 5401

Box-Behnken g 5z [ % i1+ SC 36 4 £ SPIONS il &
Tk GEA R R LKL R, R YE Box-Behnken H 0>
YA S BEH IR, DU SR TR] (X)) SRS (X)) A
SN (X)) N H A& . Ak, SPIONS K AT K
HEVE AT RE LR (MRT) T fg, BRLAR BN 115 g
B, PRI A8 MR B8 A6 SPIONSs 33 AT 1 3L 4% 1)
A5 [v) 5t T IS ) (T2) SRAE, FK5 HAE NP4 SPIONSs )
fekr2 —. [k, LA SPIONs HIKi42 (Y,)- £ 20 B R 3L
(polydispersity index, PDL, Y,) } T2 (Y,) NP $E+x, 3
1 FH Hassan 75115 3 MR FR AT 0 — A0 AL 2, % 23 5K
(1.2) #ATTHE, 19289 —1H (overall desirability, OD).

d,= (Y=Y, (Y = Vo) (D

Ho, v ufatr b 5 i ANME, Y, VTR bR iR ME,
Y NFEAR R EKAE, doN— AR AR AR i AME .

OD = (d, +d, +d,)/3 (2)

o, d, 2y SPIONS [FRL42 18, d, ¥ SPION (1] £ 43
WA EUH, d, > SPIONs 14 [ 5th BRI} 7] (T2) B o

N H] Design Expert 8.0.6.1 31 &b B 8 48 I 547 45
FHT, BUA H IS 7 #G2 H1) %% SPIONS f e fI & ik
At

EDC/NHS 3% #l % APS-SPIONs f4 % FR HL
SPIONs 40 mg /2 EDC 40 mg, & T 100 mL [&] J&E £,
BN 30 mL f# R BN 22 th VR (pH 5) W il 38 O 3 HF
30 min J&, JI 20 mg NHS K 20 mg APS i 1t £ i
. A% 10 kDa iZEHT423%E #7136 h J5, BL 13 000 r-min”
B0 30 min, S 3R, AR TRENE .

SPIONs X APS-SPIONSs AU TR 14 14 FR R AE

Hi 12 5 zeta AL HX SPIONs. APS-SPIONSs 7K
T 7 S A T R SCRE AR A AT KL AR K zeta HLAZ
. B E SPIONs. APS-SPIONs Z. % % i 1 4 Fr
e, TS ¥4 A SEM R AR AN A4S R

28 4 6w DL KBr JE A ¥ % SPIONs. APS-
SPIONSs Hf 47 21 4b )6 3 73 A, O 3 i K i 5% V6 Bl N
4000~400 cm™, 73 ¥HEFE N2 em’.

B TR P DX HXUIE & SPIONs. APS-SPIONS #;
ARAE Z R 25 A8 IR BIFE AL SR FE o, Wi 37284k
N 2T, IR W37 58, W SRR R AL 5 B
b, LA i PR 5 P T AS T 36 0 D e, i e Ak ot
LA R, e ml AL i 1Y

APS-SPIONs f9 5 & = E

BREEA IR R E T K AR
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B E720.00 mg, BT 50 mL &I, I 2 mL R %
(6 mol-L™), It 4K Fi B i 5 B4, A IRk E
950 ug-mL" FRTERAR HE Gl 2 VT . R BB U R A i
BVEW0.0.8.1.2.1.6.2.4.2.8 mL T 50 mL &,
A 10% EhFRFRIE R 1 mL, #8755 min, 2R 5 K UM
2 mL 0.15% &8 & AE W S 5 mL B B -8 BR BN 2% i i
W (pH 5), #E 05 h, mEAi K e HEZ . £
510 nm R E R IERE (4) 18, LRI (ng-mL™) Ak
AR, AME NPT, il bnE 28y = 0.198 2x -
0.001 6, R*=0.999 5.

FE SRR B I 2 W 1 mL APS-SPIONSs i
(5 mg-mL™") T 10 mL & i, In A\ 3 mL #h B2 8 5
20 min, PAEE 4K E 2 o AR JE AR IREL T mL im A
50 mL &=, BB AR At M & 27 IR “ A
10% Eh PR FL L VAT | mL”i2, FlE#1E .

APS-SPIONs U 2 ZHE & £ E

IR EARAE 2R 2] R B FR T e
%K 10.00 mg, & T 100 mL &4, AWK ERE
ZI B, WAL 0.1 mg-mL FRifE S 43 Sl B b 3 b A
R BEIAT 0.0.4.0.8.1.2.1.6.2.0 mL, fnZ& 18K 4h 2
£2.0 mLHFEE] . SRJE YOI N T 2 78 B 5 2 6 mL,
B KW ONE 15 min, BUH S B UK K A R A A
15 min, 626 nm Tl 5 4 0, LL % %) BE W FE (ug-mL™")
FREAAR, AME R ALR, 2 bt 288y = 31.80x -
0.003 853, R*=10.999 8.

FEm S Z & 2 E B3 mg APS-SPIONs
Tk BT T B 28 R oin 2 mL 4K R, B
R BEARAE 2R 1 22 )7 IR 5 OO B R R
6 mL &, [FVEIE .

APS-SPIONs T S B EMME UL TMB
Nt A ALY R Y, 15 1t & H,0, 77 75 F1ER 1t pH 31 5%
i B 650 nm Ak %4k TMB (oxTMB) 1) 4 {H K
S RAZAE AL S B AR AR B 2 mL 2. PR - 2L IRAN 2%
MR (pH 3.6) [ 100 uL A i i T 2 28 58 iR 5,
BT 37 °CoKIBHAF 5 31 37 °C, nA 100 uL TMB
[t DMSO ¥ (10 mg-mL™"). 9 & 60 s, il A\ 200 uL
30% H,0, 78 MR 2] . 1E B S min Ji5 BUE & A I &
7£ 650 nm K A5 138 4L

APS-SPIONSs X} 1% 5 RAW264.7 40 ff1 (5 M1 & £}
LRI R HE K RAW264.7 41 i 2% 15
BT 1x10°4, FFLEM 1 mL T 6 LR, B T 1974
HHE9E 12 h, BEFLIIN 50 ng'mL " fF IL-4 55 24 h. H44H
Jii1 43>~ SPIONs 41 (250 pg-mL ") APS 41 (125 ug'mL™").
APS-SPIONs 41 (500 pg-mL™), [ i LL 100 ng-mL™" ¥
LPS JyFH It xf B 40, W 7 24 ho PLPBSIEPE 2 7%, A

1 mL % 0.2% FBS 18 FR £5 2% v (PBS) 42 X W HT il
R R, 500 xg B0 5 mine F_EIE, IO 1 mL &
0.2% FBS [ PBS H &, I 1 uL Fc SZ R FH K75 4 °CHiF
H 10 min. BFE LW, MAIRER T IMA 1 uL CD86-PE
Pu4£ 0.6 uL CD206-APC i {4+ 1 uL F4/80-PE/Cy7 it
&, 4 °CHE Y% B 30 min. W% F 45K, H & 2% FBS 1)
PBS ¥E4H i 2 X, In A 300 uL & 2% FBS (1) PBS &,
FH U A L ASCG2EAT A R0 43 4 o

APS-SPIONSs 1% RAW264.7 Bl A 5E 1 & (ROS)
IR R E K RAW264.7 41 i 25 FE R
FF1x10°4, BfLEA | mL T 6 SLI, B TR 9efrhis ot
12 h, B LI 50 ngmL" 1L-4 %5 24 h. H 45 AN
SPIONs 41 (250 pg-mL™"). APS 41 (125 pg-mL"). APS-
SPIONs 41 (500 pg-mL™), [Fif LA 100 ng-mL™" LPS Ak
PR AL, B B 24 ho Wth BIE W, DA PBSTEBE 1 IR,
LI 1 mL DCFH-DA ff] DMEM &, T35 7244 %
H 30 min. FLAPBSIEVE2 X, A 1 mL # 0.2% FBS
) PBS 2 2 W FT il 4t i B, 500 xg &40 S min. #
3%, N 200 pL & 0.2% FBS /4 PBS &, R4l
PRSI AT A U A 23 4T

APS-SPIONSs i% 5 RAW264.7 48 i1 3% 15 B 53 4R iy

UM % RAW264.7 DL 3x10° AN/FL 1 % B 5 0 T

6 L1 0.4 um Transwell |- %, DL IL-4 % 5 24 h, H ¥
HepG2 LA 1x10°AN/FL I 3 BB M TR %, #5 98 12 h
fd 5 BE . DL DMEM 5 7% %5 B ] SPIONs. APS.
APS-SPIONs % 24 15 7% 2 | ¥4 28 i 4> v SPIONs 4
(250 pg'mL™"). APS 41 (125 pg'mL"). APS-SPIONs 41
(500 pg-mL™), F LA 100 ng-mL™" LPS Jy BH 4 X {8 21,
% H 24 ho B57724 h 535 L7, BL1 mL PBSIH#E 2K,
LN 500 L DMEM #4575 26 5 10 uL MTT €57 & ot
& 4 h, in A DMSO T 37 °CHg & 10 min Jf ] B 51X
W72 75 490 nm 1) A 1H, 3T A 30 (3) 75 RAW264.7
(1) 200 L i 1

AT (%) =

(A s — A )/ (A gy~ A ) < 100% &)

APS-SPIONs FU4HAB & 1T R HE K
) RAW264.7 41 fd % FE N 2 Tt 1x10° A, B L3 Fh
50 uL T 96 FLAR, MAAS [F]3# FE 1] APS . SPIONSs . APS-
SPIONS, {i# 28 ¥ B 43 5l 4 12.5.25.50 125,250 500
7501 000 pg-mL", [FIf BAAS 5 24 1¥) DMEM FEfifi 5 7%
A ot BE DAAS 2 400 it i [ 4k AR % 97 3 O 25 (1 0 TR
M. HE37°C.5% CO,HF-fh 557 24 h, "ALSIMA
CCK8 AW 10 pL, fEFFFRA I E 2 h, H BRSO &
RAW264.7 1E 450 nm [ 4 {8, 40 B 3& M o 55 5 X F &
X 3).
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BT FEFE T R A ) 2 M G TR [
975 &2, % H Design Expert 8.0.6.1 & H3E4T 20 #r; %
F G A < BHE, K F Prism GraphPad %% 4 #3847 1 &
Je AT, il i BLK 27 2 one-way ANOVA 70 #T LL £
HIEME L E gt ERENESR, BHERRN
x+s5. P<0.05HIANNEA SR L.

R

1 SPIONs#HIZ AR

1.1 SPIONsHI&SEMBRERER £ L kK
el o A BE R, Fe? 73 38 5 i Fe?', Fe’™ 5 Fe® 7K
fi# I % Fe(OH), 55 Fe(OH), - £ ik Fe,0, 8k % . Bl X B
INF[R] 38 i, SPIONs K2 A5 T FEi#a s (Bl 1A), 77 & dn ik
A KM, IX AT e 2 Fe,O, BRAZ M BT i 1 /INKLAR (1)
YKL TR B AN AR N R T PR AR, PO R SR T A
AR, K R REAE — i, IR L B S, SPIONS i
P B B, X AT BE A RN KL E— 2D Bk, DL
TEAR R AT BRI SRR T IR BR AR B . 7
190 15 220 °C R 44Kk 42 4k S8 /MBI A B3 2 7,
PAL 1M 326 5 AN P 1) R BEAT SEEG (1 1B). Bl S 82 5
PRFUR 3G 0, SPIONs #ifs 22 N, B 4
&R 14 mL B, K042 08 B4/ 9 16 nm (] 1C). X
A AR A B T38RI I, Bk 40K AR i) i BE 2 7E
1 2N 3550 40 B, AR PR AR N JE B g oK R AR A 3 s
B, DR 6 L Y R AT AR A

1.2 Box-Behnken SCIG#RBY R 25 R o34 {3 FH 1 7
THI RS TR A7 52 56 45 5L, R FH 3 A 3 B #%- 7% 5 %7 SPIONs
FLAE I RE A R, FFEAT 2 U B A0, &, 37 B
V) 52 I 3 R s N5 7RI AR S VA 48 A, LA OD {1
3 N AR T S 2 R AT A T R AR B IR E
T[N A )5 FE R ¥ =-29.89 — 0.12X, + 0.21X, + 1.64X, —
5.25x10*X X, +0.01.X,.X, - 1.50x10°X,X,+9.91x10"X,* -
4.79x10°X,* — 005X, [a] Y= 75 F2 (¥ 75 22 43 Hr ¢ W ALY
) FAE N 8.24 (P < 0.001), R4 IHH 0.650 6 (P> 0.05),
ZERARZE, RZ X HURE T TR % & Y, 1%

A 40 B 2007

[
=)
1

150

()
S
1

100

Particle size / nm
Particle size / nm

=
1

%

S
1

BB E RBR = 0913 7, AL 56 45 5 2R T
AR, DL L& SRR R AH B &M
25 WAL, W] F T SPIONS 4k 77 1t Ak 2% 14 1) F
AT, HEREAKT L R R E 1.

Table 1

response surface. X|: Reaction time; X,: Reaction temperature; X;:

Experimental design and results of Box-Behnken

Solvent volume; Y,: Particle size; Y,: Polydispersity index (PDI);

Y,: Transverse relaxation time (T2)

Number X/h  X/°C  X/mL Y/nm Y, Y./ms
1 13 190 16 2486  0.367 744.097
2 7 160 14 20.89 0370 1188.200
3 7 190 12 30.83  0.322 724.617
4 10 190 14 29.24 0292 511.933
5 10 220 12 45.11 0331 429.393
6 10 160 16 23.84 0327 1185.360
7 10 220 16 33.93 0451 548.640
8 13 160 14 3192 0415 1149.100
9 10 190 14 34.00  0.265 806.760
10 7 190 16 19.72 0321  1035.900
11 10 190 14 20.08  0.258 840.330
12 10 190 14 34.76  0.307 733.397
13 10 190 14 19.12  0.287 526.000
14 13 190 12 42.05 0368 569.877
15 10 160 12 21.18  0.421  1259.440
16 7 220 14 24.09  0.393 895.323
17 13 220 14 34.67  0.445 764.150

SPIONGs ffil] £ 5% 11 114 45 ey 20 K i) 2 T 43 A O 1] 2,
Bl 2A B 3R 71k [ NI [E] A5 771 5 %) SPIONSs F 821 .
2 2 i [ 58 M 190 °CIF, sz I8 B 1) 45 e 28 %5 15 v
Ty, B S B I 1) %t SPIONs 41 8¢ K ; & 2C.D
TN I N S R RS2 R i3 £ 6F SPTONTs FAI ML, 24 775 771
[ 52 2 14 mL I, s 3 FEE 1 55 o 208 % vy T S L
[, B 52 97 i 2 5 SPIONs 52 M 4% K ; 16 2 \F 3R 7R ) B
I B RN 77 B 6k SPIONS [ 52 M, 24 Jse o7 i []) [ 2 My
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Figure 2 Response surface (A) and contour plots (B) showing the effect of reaction time and solvent volume on the synthesis of SPIONSs;

response surface (C) and contour plots (D) showing the effect of reaction time and reaction temperature on the synthesis of SPIONS;

response surface (E) and contour plots (F) showing the effect of reaction temperature and solvent volume on the synthesis of SPIONs. OD:

Overall desirability
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Figure 3 Characterization of SPIONs and astragalus polysaccharide (APS)-SPIONs. A, B: Field emission scanning electron microscopy
(SEM) images of the SPIONs (A) and APS-SPIONSs (B); C: Hysteresis regression curve of SPIONs and APS-SPIONSs; D: Infrared spectrum
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Figure 4 Determination of peroxidase activity of APS-SPIONs.
A: The catalytic mechanism of the peroxidase activity of the Fe,0,
nanozyme; B: Typical absorption curves of oxTMB at 652 nm in
the reaction; C: Different group color changing imagesin the
reaction (from left to right: Blank, APS, SPIONs, APS-SPIONS).
TMB: 3,3',5,5'-Tetramethylbenzidine; oxTMB: Oxidzed TMB
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Figure 5 The polarization effect of macrophages in vitro. A: Morphology of uninduced RAW264.7 cell (a), morphology of RAW264.7 cell
induced to M1 type by lipopolysaccharide (LPS, b), M2 type by interleukin (IL) -4 (c), and treated with APS (d), SPIONs (e) and
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Figure 6 APS-SPIONs regulates intracellular reactive oxygen
species (ROS) levels in RAW264.7 cells. n =3, x +s5. P < 0.001

vs control group

gHf A, 2 AR N B R I RTAT 1
7 SPIONs & APS-SPIONs ¥} RAW264.7 ) R 55 14
Ml

B4l 2w, Bl SPIONs ¥ B 39, 41 i v V£ B
TR, B4R T 2 4V El . 1 APS-SPIONS 7E S2 56 i
JE 0 R P O R A B G A B S AR, HAE — e R
b REAR B R RS DI, R R4 14
MuAE 7 E (K1 8).

it

TR GRS a T e IR e R BRI & BT AR
SPIONSs JE 35 5 5 %] 2o — VRASC T o AEVE FIPIE S B
SPIONGs ) 5 [K] 22 52 56 % 2 v R B, s i JiE 5 s vz B
V) PR 2 = A R T oK ) B 5, ROV AR AR IR
B0 R T T B N RLAR BRI o 33— A1 e 2 T
O L) A& 7 R AT R A, A AR TR A AR
SPIONSs B Ri A% 73 A7 AN ¥ I sk o5, AT 45 21 /N kAR H 4y A
)11 SPIONs.

A

M2-like
RAW264.7

HepG2 —p

Cell viability / %

0.5

0.0-

&

S
Q\‘b

S
5

=
5

é‘%
S
g8
&

Ys%

Figure 7 RAW264.7 and HepG2 co-culture system. A: Schematic
of the co-culture system, HepG2 cells were seeded on the lower
layer and macrophages were seeded on the 0.4 um sized microporous
membrane of chamber at the ratio of 1:3; B: Cell viability assess-
ment of the lower HepG2 cells in the co-culture system. n =3, x £ s.
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