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Abstract

Abstract

Objective: Cancer is an abnormal proliferation of cells, which is characterized by
an uncontrolled growth of cells that may spread to other tissues. Different types of
cancer can be classified into lung, breast, colon, and stomach. The incidence of cancer
varies according to area, age, sex and so on. Cancer is a leading cause of death in some
industrial countries. According to statistics, millions of new cases of cancer are
diagnosed worldwide every year, and about half of them will lead to death. Therefore,
improving public awareness of cancer and prevention, as well as strengthening cancer
screening and early diagnosis are important measures to reduce cancer incidence and
mortality. At present, the clinical treatment of cancer is generally still using traditional
treatment methods. Despite the use of traditional treatment modalities, such as surgical
resection, radiotherapy, and chemotherapy, these approaches have many drawbacks. For
example, tumor removal is incomplete, easy to relapse, tissue loss, and radiation
damage. There is a need for more effective treatment modalities. Among the treatments
that have been developed in recent years, photothermal therapy (PPT) can overcome the
shortcomings and side effects of traditional therapy, and its treatment method is very
precise and can be highly selected. In addition, combining materials with different
functions to build an integrated platform for imaging diagnosis and treatment at the
same time has become a hotspot in the development of nanotechnology. The
construction of an integrated diagnosis and treatment platform is expected to realize
personalized medicine, real-time detection process and real-time feedback of efficacy.
Therefore, it is a challenging task to combine imaging contrast agents and therapeutic
drugs to construct an integrated diagnosis and treatment nano platform.

In this work, we designed and fabricated a magnetic particle composite biomaterial,
dopamine (DA) -modified manganese gallate (Mn-GA@PDA NPs), and investigated its
therapeutic effect on mouse breast cancer (4T1 cell). The composite nanoprobes enter
the tumor tissue through enhanced permeability and retention effect (EPR), and then are
taken up by the tumor tissue, and can be detected in the acidic tumor microenvironment,
the release of Mn*" will enhance the MRI signal for better diagnosis. Meanwhile, the
remaining Mn-GA@PDA NPs can be used as photothermal therapy (PPT) agents under

near-infrared (NIR) laser irradiation. Therefore, this work provides a novel
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nano-therapeutic agent with potential application in the integration of cancer diagnosis
and treatment.

Methods: (1) Preparation and physical and chemical properties of Mn-GA@PDA
nanomaterials. First, water was used as the reaction system, and a certain amount of
manganese chloride tetrahydrate (MnCl,-4H>O) and gallic acid were added. The
mixture is transferred to the reaction vessel after magnetic stirring and mixing. It is
placed in the oven at 150 °C for 3 h and the Mn-GA nanoparticles were obtained by
centrifugation and drying. Then a further amount of Mn-GA was dissolved in the
dopamine hydrochloride solution of Tris-HCI solution at pH 8.5, stirred for 24 h, and
dried by centrifugation to obtain Mn-GA@PDA nanoparticles. The structure, size,
morphology and chemical properties of Mn-GA@PDA nanomaterials were
characterized by X-ray diffraction (XRD), Zeta potential analysis (Zeta), scanning
electron microscopy (SEM), transmission electron microscopy (TEM), particle size
analysis (DLS), X-ray photoelectron spectroscopy (XPS), elemental scanning and
Fourier change infrared spectroscopy (FTIR). The release of Mn?* in different pH
conditions Mn-GA@PDA was detected by spectrophotometry.

(2) Photothermal and nuclear magnetic properties of Mn-GA@PDA nanoparticles
in vitro. The temperature heating curves of Mn-GA@PDA nanoparticles with different
concentrations irradiated by near-infrared 808 nm laser for 10 min were recorded by
infrared thermography to explore the photothermal properties of Mn-GA@PDA
nanoparticles. For NMR properties, different concentrations of nanomaterials were
placed on a small animal magnetic resonance apparatus, and the relaxation time was
measured.

(3) Cytotoxicity study of Mn-GA@PDA nanomaterials. MTT assay and live/dead
cell staining were used to investigate the cytotoxicity and anti-tumor effect of
Mn-GA@PDA nanomaterials. Phagocytosis of Mn-GA@PDA nanomaterials by mouse
breast cancer cells (4T1) was studied by immunofluorescence staining.

(4) The effect of Mn-GA@PDA nanomaterials on mouse breast cancer model.
Firstly, a Balb/c mouse subcutaneous breast cancer model was constructed, and
Mn-GA@PDA nanomaterials were injected into the tumor every three days and treated

with 808 nm laser. Tumor size was recorded and tumor growth inhibition was evaluated.
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(5) In vivo magnetic resonance imaging study of Mn-GA@PDA nanomaterials.
First, the Balb/c mouse subcutanecous model was constructed, and then the
nanostructured material was injected into the tail vein. The relaxation time was
measured by using a small animal magnetic resonance imaging instrument.

(6) HE staining of main organs was used to estimate whether there was potential
damage to main organs caused by Mn-GA@PDA nanomaterials, and Ki67 was used to
analyze the effect of Mn-GA@PDA nanomaterials on the proliferation ability of tumor
cells.

Results: (1) The product Mn-GA@PDA nano material is a rod-like nanoparticle
with uniform morphology and uniform distribution. TEM shows that the size is 100>20
nm, the average hydrated particle size is about 144.16 nm, and the Zeta potential is
about -26.53 mV.

(2) In vitro experiments showed that Mn-GA@PDA nanomaterials had a certain
photothermal effect and nuclear magnetic signal. The temperature was able to rise to
50T after irradiation with 808 nm NIR for 10 min at a concentration of 300 pg mL™. In
vitro NMR signals showed that the nanomaterials had a certain imaging ability, and
with the decrease of pH, the relaxation rate of r1 increased, and the relaxation rate of r»
decreased. When the pH=5.5, the molar longitudinal relaxation rate r1=3.9 mM=s?, r,=
24.1 mM-1st: The molar longitudinal relaxation rate ri=4.4 mM=s and r.=15.1 mMs
were calculated at pH 7.4.

(3) The Mn-GA@PDA nanomaterials exhibited significant effectiveness in killing
tumors, with the efficacy increasing in correlation with the concentration applied. In
vivo experiments showed that. Mn-GA@PDA Nanomaterials can significantly inhibit
the proliferation of breast cancer in mice. The nanomaterials have no obvious liver and
kidney toxicity and damage to major organs in vivo, showing good biological safety and
clinical application potential.

(4) In vivo MRI imaging results show that Mn-GA@PDA nanomaterials have a
certain imaging effect.

Conclusion: The Mn-GA@PDA nanomaterials constructed in this study have good
photothermal properties and certain magnetic resonance imaging signals, which are
expected to provide research ideas and treatment plans for the integrated diagnosis and

treatment of cancer.

Vi



Abstract

Figure 23 Table 6 Reference 80
Key words: magnetic nanocomposite; MRI contrast agent; photothermal efficacy;
diagnosis and treatment integration; Nanomaterials

Chinese books catalog: R445.2

VIl



g Al =TSR 1
11 R BRI TG T TR oo 1
1.2 FEFEIRERABIEIR oo 1
IR I oy - T 1
122 BEEHRIEELT oot 2
1.3 A B AR IE BETM] oot 3
13,1 ZBABER DI ITRL ..ottt 4
1.3.2 G518 2 BN ITRL oottt 5
1.3.3 AR SEANHES e, 6
1.4 EREGUKRPPRMREFE MR 2 W AR T IR e, 8
1.4.1  FRFEGEA B B YERE oo, 8
142 FGRFEGRAA BRI TR PEBE oo 12
1.5 BFFERRBIIHR ST AR S e 15

%3 Mn-GA@PDA G KU 1 1] £ S A BERAE oo, 16
0 N1 =SSR P RRRURPTRRROIOS 16
2.2 SIS SN G SZIG AR oo 17
R W . R (Y SOOI 17
2.2.2 SEIG A FEIRTUFERT oottt 18
I Ay =SSOSO 18
23 R G o et 20
2.3.1 Mn-GA@PDA KR FALPERERAE oo 20
2.3.2 Mn-GA@PDA KB FITIETERE «.ovoeveees 24
2.3.3 pH fil’x Mn-GA@PDA HPKFPEMEET Mn? s 25
2.3.4 Mn-GA@PDA GUKH RIS 5500 S N5 AT I oo 26
2.3.5 Mn-GA@PDA KR FISEHPERE (oo 29
DA IR EE NG ettt 31

=2 Mn-GA@PDA HAKFRIARIMIFTT oo, 32
K0 = =TSPTSRO PSPPSR 32
R 32
32 R T A U B8 oottt 32
3.2.2 SIS TEIRTUFER oot 33
I T TP TRRTRNS 33
33 B R G U oottt 35

3.3.1 Mn-GA@PDA ZKIURL TV MLPE (oo 35



3.3.2 Mn-GA@PDA gk Bk i gm i #1: & =4 ROS [HIRE

3.3.3 Mn-GA@PDA Z KR GHH BRI AEAE oo 38
B R EE /NG oottt 40
FVIFE Mn-GA@PDA FIKIIRLAR T TT oo, 41
o 1 =TSRSS 41
4.2 S A S SZIE TTVE oottt 41
Al B T A A B I B oo e ettt 41
4.2.2 SIS AT FEARTUFEIT oottt 42
A.2.3 T TTVE oottt ettt 42
B B R G i T et 43
4.3.1 Mn-GA@PDA KRR PN W FEAR R oo 43
4.3.2 Mn-GA@PDA KRR N SCFEIT IR oo 44
A BB IINGE ettt 47
B G B B ettt 48

B e R oo e e, 49



P& ES

SR EPO RS

Abbreviation Index

BXHG FELER 3R
BC Breast cancer FLI
4T1 Mouse breast cancer cells 7N B L e 4T L
DLS Dynamic light scattering BNASICHUR
DMEM Dulbecco’s modified eagle medium AN A B 7 2
ESR Electron spin resonance HL - H e LR OGIE
Fourier transform infrared .
FTIR cpectroscopy e LI AR H 2T Al 1
GA Gallate BETR
HE Hematoxylin-eosin staining T A - AT Y 3
MB Methylene blue M H A
Mn-GA NPs Manganese-gallate nanoparticles W B TR
Mn-GA@PDA NP Dopamine modified manganese % Eﬂﬁﬂﬁ'@‘&’%‘ TR
gallate nanoparticles A TRL
PDA Polydopamine B2 M
ROS Reactive oxygen T A
SEM Scanning electron microscopy EEEf L AR 5
TEM Transmission electron microscopy B8 1l A BT 1 657
XPS X-ray photoelectron spectroscopy X HF £ HL T-AEIE 0 M7
XRD X-Ray Diffraction X S & ATt 43 #r

X1l



El

i

-5 3 =
1.1 B a#iik 2 e Tr ik
R DA 204 (World Health Organization, WHO) F{HRIE, JIE I K
TR R BB ETHAY, DB — MR AL DA S, RE2IRE
A 1000 2 5 NFETHSE, H AT MICH PG, ™ EEHE AR ER e
L2 E ARk E A IX b, Bl S E . B e A UR e S i
SR tH S BB IR RO R AR LR AR e, P e TR AR R Rk, X
e 2 ) RIS RE VR T OB 7 H B 1 A BRIE AR MR i S 2 B
HRT, B8 0EYT B0 e Gy T T IE M DaaIT ik R G0RIT Tk E
BAFEFRYIGIEN, A2y iEPIRBURY T BARIMRLF R UG R IG IR iR
BT R ERTT FBL (BT ARYIBRRA 5 3 UK VI B A R 7 12 B3 P88 (¥ 52 A B
et . BT il i A S 25 sk R AR K, (RRR S SRS 241, i L
RIE AR KU 81, RUE T I7 808U, R BT & MO 2R 4 S E L, 1RZS 540
P30T J 32 15 A5 4 B 1 3 1 E A T ELAE DR 7R R A Al 28 1
), RGBT ITVEANREA RN IR, RN WA BE ORAIE B AR TR R, DR
LR N i T 7 K
TEH M IRE T ik, Jeigrik (PPT) AfbZ3h Jiyrik (CDT) fEid %
FLT 220 T )2 R ORH, P BB A U IR AIME GLiR T V2 R A K
BURZE GBI, Aol S m A iR va T U 12, ety Rl e AGFE T 4T
HNXIBHEAT SRR, Ko e v R R, TR R KA . b 2B
VSR PR R AL AR S50 8 B S5 B, el S A 2
HH AR, WIS S T, o R A A B R R . B AR AR I K
&, BB BRI ) R A R T T AR R T I T, F BAE R
a7 ERARRHIE R,

1.2 R4 IR ARG A

1.2.1 #HIRBRIRIRIE



El

i

RELIR G2 A AT S A i LA B ROR 2 —, MRI TR S B &
BHA B AR BORUTE £ . SRR R A o) ARRE . BARaT. 24k
JIAR S SR SR e RESEIR AR AT CAR] I SR T L SR S TR T AN
bR W R AR, AT ROt % 1 CT 3 A, 54k, HidtR
JRAR AL R N Ry 7 RE /T, AEIRIR B2 T T2 RN, O R B 00
M EEFB. A, MRI AR AT ARG Bos IR (5 S, ARG MR AL B R A,
L/ a7 BRIV, B Z TR e 7l MR 2 — AN HA IR e
TERIEE AR B O, 7T DR AR R 2 U T IR AT T

REICIR I B T B SR A% (0 B s sh s, SRR R 7% B e 4wk,

WIAZ ROl MR A ISR B T 122 'H, XD TH 2 AR A
R R R BRI 7. BRI b T BO R B
Wi Z Al AR, B AEE A SO BT 805 7 B0 T 80N, 27728 B i
KM o TR UL, AZ R B A JR P R AR 2 i AE — TR R B3 T
iz T2 H AR Rk R I AR N IR U 1A%, A L AR 3R IR RN A T 3R A5 E
o R E R, SR TS DR E R R AT S S, R e R R
JBCE R XSRS Sl AR s Rl Pl i T R R, R
ERERIE S, LSEEDS AR 2 B A2 W, i T AR A2 IR
IR ARH LA IR o (35 B SRR AT 22 5%, DRI LA [ st PR 18] 5 A 1) st 75
1A AR R, M EATERSR A BRI AT 0 b 5121
NI B9 A 48500 ) H 121,

1.2.2 RHEIRERT

FERREIR UGS T, BRI R AMAER X I 4 R B EE . pitR
WA — AR, RS ERIE NAR A, M sR IR R RO X EEBE, B
77 2SN B A MR R AL A G B B G R N D e A TR L AR 70 AT DA
MEZHThREE R, Wimmsh/ss. GO, FBIEA E i iR nmae . oF
AT HR ™ BEAR E DA SR B0 T RCR P 3L IR 570 AR T L) 73 9 B A
s (T1 &) MPITEIERA (T2 3&RH)D o T1 GRS R st R K
&, g bR e, (45 T1 (E5 e, M EuemEE; ke T2
RN FE G R P st PO R, (45 T2 BUME 5 am B v, i AR 0 B R . FAl



El

i

W f) 2 1 T2 &R MR Ak, TAE I R b i A T1 as 55 32 22
AL Gd-DTPA MKW Gd> RAIIRREE & BB A . SR, LRI 7T &8, 4L
B MRI &S FITE N O A AR, 2R AR SR8HES A4 E F
S, NI R — 5 A % 4 i ), R E B A 5 K AEA TR E &R
Gi4f 44k (renal systemic fibrosis, NSF) , Xfdif34% MRI &5 10 22 A A=
VIR PESZ BT AR, [RIBE, FEBR R0, BN GETERR SR A
TEFHARXT N BT LB AR Gd EEWH T1 &5

B, FRAE MRUIESEFIGIE T AMRIGHE. 5 GEAEEL, Mn? 857 (1 /M 47
FEHAD KRBT, A AR TR BT KSR AP, Mo R AL
P EAEYEENMECER, MR AN ZEEE OB T, Aeigdt
FEIEW AR S, EEFRU. B EESOR 5 B3P R g R s 20, g
A1, T T HHE R B B L A ) A B AR AR S AN B ) FE M, TEAE S e
{308 I HEME (4 77 SN N HE R Y, BB PORBOR I JE, A [F) B Dhag 4
B MRIERZ A 2T, RN RSB T RIEA @ RS R, B
BRARYE. AEMIRIEYE. KB R LA Rt A s M EE Ak S R E R L

Z UIRERI RGO 21,
1.3 $REHIIRIES T

B DI REN R AL R 1 T FAT A 458 i B RE AL 1 Ji@ 238 DR ) 7 RIURE A2 3R 2
IREIE A R AT AN, AERER R St sz 2] 7 AROK I RvE . Ik,
BB AV B PR BRI, B T ANFEAMRHMA R G AT 2 Fhifie MRI 1E 5257
B2, FRHMBL T — R A2 S HEPORE SRR (B 1-1D o ik MRS 322
3 NEBMNERGNK kL (nanoparticles, NPs) « 415 2% 90K ok F 4G 3k 4 g A il
MEZRSE, IXECHRRILH R 4F 0 s B v g ARG IR YERE,  FF HLAE WL ILAR B[R] ) it 78
WG ST o B AT AN R A (P 34



Jqu
i}

Inorganic contrast agents

Organic contrast agents

el
mo}\ia\"““ Soh’e’" €xcp
S aeo® nge Preparation methods
& -~
S& o,
& % %

¥ " (3
™ Sin %, %,
S e P o
RS WO  m, 2,
S S.© Mo €lay % . w
& S % Magnetic &

@
%, / resonance imaging .
©

Ligand
exchange
uonezIf[eIsiid
paaidsugorq
days-duQ

s Mn and
2 other
inorganic

X g =
nonmetallic F Targeted cancer
compounds o & _— .
4 ot - theranostics
Saz Co,vﬂ“‘:\ and
Wl wel o
My 3

1-1. SEEHHRER TN L, BIEHFERENAR

Figure 1-1. Classification preparation methods, and applications of manganese-based magnetic

L j / \@“&\5\ £ -y

resonance contrast agents(3?!
1.3.1 FALRARBRL

AR, TEAZ WG R, B ALK IBURL T AT O 5 (19t
WA, REMSCSCRMZHAE S, TSR SUGAI, A G LLEE . ith4h,
B GIATORAN A BRANY, T B B B A A SRR (A R T, A5
EBWAED KA R 5 Sk A, BN MR & 7RI G0 K 3 24504 BT 98 56 05 . 4
AR R B AT RS AR R T AR . ARk, HhHEhZiY) . R
LA IR ST . FRCRIRE B T TN T A WY VR4 &), T
HWIRE 5 584 A, A MnO. Mn3Os Mn2Os Fl MnO2 F1 MnOy S545 E L4,
FHAE A2, 243, +3 Fi+4 MAAELE. Na GBS i B4R 1) 7457
AR T B E SRR MnO ORIk, F T REILIR AR . @it i
(7 RAE T BA BB AN 2 5 74 150 20 AT 25 nm PRI R, X SR
7£3.0 T35 NI 1 08 E 55%°8 037, 0.18. 0.13 A1 0.12 mM s, JE E 21
ISR EREAT SRR A AT, AT DAAS 25 & R 550 b, 3l e f i
AR & a7 208 AT LG & MO SN [F) I AR S A A K ROk (MONS)
Bl B FLEEHE . SSLBRIRGE I . PKEE . 9K, GKESE. A%, #
BHO S5 REZ B A5 K5, X — D oE TR RN . A E )45 77
XX FEIRST TS R E B .



El

i

WF AR LA O I EALR A K Bk, (HMON) | I K LLRTH R, Aehsa
W A R, LS O AR R U AR X S O SR A oK R R UL AT T
() o SR EE, FEAA R T MRLIGERFIHIA . ShinPU%K MnO 44Kk 1 7EFR 1t
TR ] B, EBR MnO 1, il T 2 ORGSR, AR
HFES IR K KL T JRTM MnO GKIURL AT RERE IR 4 2 R Gedl 3k, KEERT
JFEL B, BEAE M TS REIR, W) Re = AR I AR I BT HOK 2 30 i) S g 52
FIFTREAE RN P A AT, SRR EERGIER . N T R RIEY
BPE, REHELER, BEEA RIS A R TR B S A HLATEHL
o, ATDUA RO R X — R Horb i IR R E R R C R 2 g
B8R0 A RER. ek, o —2e i B —m MR R, T NiE R
FAH, A AN [ AR 2R e I S N R B B LS 5101, BR 2 AL R
BRI 9% (PDns) P35 7E MnO 3K 1H, /N MnO 99K BURLAE T1 IiAL MRI Ht 7™
ATHEZIES (n=44mM s, =378 mM's™") 3f H BA B I P HE
BEJJ, MnO KRR fe 2ot 3608 . PRGNS TE AHEFRM . Peng SFUH R TN
Si02 B B A ERYIK IR 5 LR CFR A VILEIR I 2% N RIASS &, ok OB
EEHIE 60 CHITEHL T RILL/NET, BRI 45 B A A FLEE A B8 B4 oK 4
B, AFLES T LAME K 2 B A b (138 I 4 RER T FLTA 5 MnO@mSiOa 3R T K
A EAEH T ST BAAE I BOR B4R BRI 7, 9T 50 R I aod >R FH AL ) 52 56 2% A1
B IR R R T AR, Ho ARSI MnO 210, 28Rk 1 HA
2516 1) H-MnO@mSiOz AK ARl I Ff eS8 AN AN R A 15 40 K R0RL B AT AL 1)
WM, ARSI E n iR, 4R EOR Si0, BE K MnO NPs. A+ fL
MnO@mSiO FTH 2 ] MnO@mSiO: [ 11 575 % 43 5125 0.07.0.16 F10.2 mM's .
BHUISE N 2 2 B2 2E7E MO 9RBRL 6078 5% 2RI kel (PVP)
MnO@PVP ZHKFIURL AT LA 2 ik ML i e b, I g A Qi 380 Al 3 7, 75
MENEAZEAES (n=1.937 mM's'. 1»n=27.879 mM's™, 3.0 T) Jf H7EFEnt
PR RLEAIT T BT — E T AE N

1.3.2 $&EBZRK Bk

R 1SRRG K RORL I R AL, i B8 1 35 N FLAh 2R B ) T LGN ROk H
HAl K24 T EE R BNIEFMELA N b, g iR Bk, 1
FEGN A G NI 2 T A1 401N S 45 2 i R B st R R R 14790 g 018 N a3,
WL 752 Mn [ & LYK T (MnPB NPs) . MnPB 44 K0k 7E 4 41
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AN HR IR TL A T2 IIAREIEIR ARG o . 455 BEILHR AR A AE VA
7, BBV NFFR T — s N — BB G #5077 R848 HISHIB 24 N FL 2 B %
K2y, SRR E Y Mn? 453 B m R B T1-T2 XU MRI A T i 44
KGR B L. X T BRI A RENI RS, B TRIK 2K
JE, BRI AT DL A R A BE 5 o B R R T S A F I AK S
ARG G, WS AN [F T SRR AR B SR KR IR . SR s T i
J&, BA—E MR NAT . Blan MiPAE AR FLHARIE 1A B35 44 50 0 B R 5
YKRRL (PEG-MnCaP) HA — & KR N fE . PEG-MnCaP BEW7E IR I 858 T
SRR Mn®, BRI OR I M X et — B Sl A, XM e iifs
£ pH 4 6.5 2644 T o sttt —B3E s, rifHEHERM 4.73 mM s FHE 2 19.96
mM™'s™',  TITSE IR R P FA B e S G SR ) MRL. LR R, B A ER 9K R
AR —FhERAR ) TME Wel SoA4 ), i B AT PLSEE TME (1R [ 875, 1 Bk m)
PIE N —FEeAR 51 S0 R 2 Flia 7 T Bk 258 e AR FH .

1.3.3 @R AYMERE S EBIIESR

B TR B ) B A e LB 2 A R BRE LA A, d AT DURT 2 J sl LAtk
WaEMBATIAL, TR EY) . A EYE —KhPLET (HET) 5
R B> (BCAR/BCAAD 8 Ao Az o 5e 2 olUR S b e AE — e i i — 384
PUE, BRI . A AT S RREORT 2 N T )8 B 1 25538 41
BHAH & b, SJE-AHUHES (MOFs) £ —RUE)R .08l & @ iE i
&, AR AN, BPHH R RERURAER 2 fJL=4E
di A AL IR TEHLAT WA AL BRI A0 VR RE , IX U2 v 1 LR T AR
AR R LR A AL 5 TR I . S & m A HUEZEA B (Mn-MOFs)
MR B SR AT HUHEZEAA R, BATIRERVE R AL RE A A PIAR B E B RF A
RRE B APAERMRHEAL T B2, MUK P e E AT, K
&R FE M . Mn-MOFs ££ W)= A0 B AT BRI PL 3404 31,
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14%

10%

70%

5.10%
3.80% SA0%
1.30% 1 1.30% 1
Muitiplexed  CT PIT  TCW PDT  SOT CDT  Gas Chemotheraphy  Antibioss
T therap

Imaging Antitumor & Antibiosis

TCW PTT=Theraphy Combined with PTT

1-2. (a) BAENBRNERSYEEVEFTEMNA; (b) TREMESFNARHEES
Figure 1-2. (a) Applications of Manganese organic skeletons and manganese complexes in

biomedical fields; (b) proportions of different biomedical applications!>*

B NN AR 2% 5 W (TCPP) S AT AR )0 ST T F S B 245 S WD E RESL IR iR
o R R IR A ) B AT AR R — Rl R B ORI, BRI S
ZEBETRERMIER, WREEY, R amip it eEEF4m. B H
T HARRROCEIERE, BERF AT FH AR 8680 1197 (PDT) BIOGEGH
F T AW AR B0 IR 547 o ARG, 4 — a1 B K B PR RG4S 42 1) ZR6
TR, Betl & B A 2 LM B ORRIRL PCN-222(Mn)P8. Aoki P9 KT
Mn-MOF-74, ik Z 308 RN (DHTP) 5 Mn* B HAR P E
129 1.0 nm [0 5 R 4514 4K R . 181 F PEG 1211 5 i) MOF )4\ ] sth 75 A
) 5t 7K 90N 11=8.08 mM's!, 1=32.74 mM's™'. Zhao ZEFF K T —Fh Mn?**
AETIMAYIHELE (GCOF) , Mn-iCOF 7£ 3.0 T FHEA 8.02 mM 's™! =4
[A] TR . Neerajl® 58 N it 1 = Fhof B 17 5 1) DL Mn> R IBURE 1 <6 h O B D
ALERELAY) (MnL1-MnL3) o fgiL, A5 ASEH T H RS RAEGHRER
B b 07 B8 R L Mn(ID) 5] N B ZIF-8 70 T, % 7 35 2299 K 20
Mn-Zn-ZIF 53 bk 8. (A —Ma S LR BUEFIXOET %6 (TPF) i
BIIRER, Mn-Zn-ZIF 3R R AT 09300245 Lo R AR pH e S 10 ¥ A1
N IEFPALIRIME IR, S8 A YA SR A PHESE Mn-MOF A
AAYIRENE, EERNEARIFMFRESE, iR NAIEER. BTN
et g E, ME NG RI R A BRI R IEsmE o B 508 R IR A UL K
Mn-MOFs E A7 B i) 8 AR R G 11, I pH B AL LA AR Al 2%, 7

7



El

i

o5 M B bR VR 9 1D [RTIF BE 40% SERIUR Bt R SO SR A R R o, 5 A o <5
A, ORE 7.

1.4 SEELNRMRHR T E RIS BT E T P A N

BB BHEBOR IR AN NATT A& KT BB i, e (127 7 R R
Horb, AR AR A G PO A I+ R . ARG R B D 1
POty L BRI OR UK B TR R A TR AR IR AR . AR KAS
FHEEA —E PO RRE, BRGNS U 29 MRS A R B BOR AN S
PABRERZ BN ) i, 7 RO AT SERF RS . BeAh, SREEGRARHE AT T AT
WAL ERACZGEIE R G AT N, AT R AR K . B, efiTar BUH o7
AR BAR 2NN 3 A Z9PRE TG R DA S AR 38 AR (A B bz

FAT, M@ MR 2y — AR IRE 2 — RO X A EOR, M T4
PRRIRTT U7 %6, MRS — ALK IR BT RE S SR 0 10 i & R AT 12 A
77, AMSEBRLRBLEGYT, RmEERAEAR I A 9eRRer—J5 ]
PURE 7] 58 A2 AN B0 e 2L 2R B I 0 s i 2 W, 5 — D5 T A oK UKL AN 47008 245 4)
gh e ] LLSeBURHEYR T R AR R A A

1.4.1 SREPRMEIBI R I& 1T EE

PRAED LR 73 e A . A RE . JeA %R PET &, CT
AR REICIR AR DA R 2 k8 5, K BON AR IR IR BB oK . 4
LA RL P H R AR TR SE IR MR BARAE T, EREE IR R, BT
FEEAE AT RALIR AR 2 Ak E8n 1 HAR SR me Sy, T —Fh 2 ThRE 1
GIREE, U2 A, SHRERBERTR. BELE AR REEARKIS,
SOORBVEAGERE, (G5 T DIETR R ORS 40 RS REIHEIR, AT B o i
AT W RE 7T AR R OB X BA A R AR AT BRI 5 S 8 [X AT
IEFHARZAALNE LD, FTAEIT 14152 BT RCR . Bl Un{E Mn-MOFs 5]
NBA S x 86T A JIIFI B F Rb 8L Cs, AT LUEH A 7R K x S 2ox
EEF, AT A8 ORAr L [ AT 1) d& BE /019%). Mn* B -t T DL BAT e sE Th R AT
WIM RIS & TR 2 MR DI RERIAPRL, U0 B T0R Mo B 1 5L 2L /M ONIRD
QeplaEis, JEREAAH MR G PA BRI MOFsO. 545 A M H a7 B 7K # % ik
Dl 1~ EAR D9 31 nm £ ) CuS@MPG FUKEEW), Frifil 2 1/ 9K Rk
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RIS P E RS A FE TS . R, S R M2 LA I T T 99K
RL R AP ARG e, B 4R T KA BT OGN m) st TS 8], 2 — Bl AL
FI0) TL %F B, A6 Eid% (Photoacoustic Imaging, PAD 4558 E7R, 99K
FLAE RGLG 5 24 h WA A BOR BAEMIE AL, MRIE—PIAE 71X — . B J5
TEMR R AT R RGBT, WA SIRATTIER B EER (B 1-3) .

HbO; sigmal

PA signal (a.u.) w
2 B g8 £
§ 88§ 8¢

g

0 4 8 12 16 20 24
Time (h)

%

MR signal (a.u.) U

g

Pre-injection Post-injection

1-3. (A)RZF MOST i f& R G R &2 Bk ST CuS@MPG NPs B K8 B R ERTE] =105 (1
h, 3h. 5hy 8h, 24h) B PA BfgR; (B) MBRXIEA PA ESF5EMEIMNELE; (O
F2BkiE S CuS@MPG NPs BIFESE 24 /FTEY T1 A4 MRI Blfg; (D) FHEIFES R
24 h BB XA MR 55 (P<0.05, t#Q5)

Figure 1-3. (A) The MOST imaging system was applied to acquire PA images before intravenous
injection of CuS@MPG NPs and at different time points (1 h, 3 h, 5 h, 8 h, 24 h) after injection!¢;
(B) PA signals in the tumor area as a function of time after-injection; (C) T1-weighted MRI images
24 hours before and after intravenous injection of CuS@MPG NPs; (D) MR signals in the tumor
area before and 24 h post-injection (P < 0.05, Student’s t-test).

Fr 7 MRIADGFERAR, IELLAMG, 2O6RUR AN, HAth BB R A i 45 5 115 5
T2 AN BRI T . Yang 508 18 fH & 12 307 iM% 7 HA %5
ZERIRILS e gk &) A MUK T (NMOPs) Mn/HF-IR825, HEH UKL
Ehz, H5ROmEE, HTImAER 2 g8 E 0. g2 H5 Mn/Hf-IR825
@PDA-PEG ZIIBEAKT- 4, FT MRI/PA/CT =MAK& 51 S T M PTT Al
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RT BAEI69T . S2U6R B Mn/Hf-IR825@PDA-PEG ) TIWI EI% 57 HL 1k B it
PRI S R0N . NMOP AR 1 {88 7.28 mM™'s™', & T Mn A L 3L 5 74
R (425 mM's™) o FBKIEST NMOP (10 mg kg™ 24 /NN E, 7E 4 R
AT 8 (/0 RO P S st SR 3 1 T B LIRS 5, 3R Il i 38 o (1) 75 1%
RE I A BE R8L, NMOP 72 Jifoes o 2 25 2R 4 (] 1-4a) o /NS NMOP J5 24 h,
Ji g8 A IR T AR ROk, R RGE ) CT XL . BJS, FRAE s 7|
WIGIN 7, RIGURBRL A RN, IF 55T 4K NMOP M EFF HiERR (K
1-4b) . JbAh, IR825 £ NMOP Ht BA R INIT LLAMR R, I/E N —Ma 2
xS ELA T e pled%, kIS G 24 /N, R XS PA (55 B &N, T
FEARVEST NMOP-PEG fME 1, #WIUHE) PA 5 542455 (Bl 1-4c) . Baol[41BA
Rl e% 17 Rets N B =R g s U 4Kk Ak FA-HE-Mn-NMOF  (FHMnM)
SCEL MRI/PA/CT BUEHEARFHLG G 1. SKIREE KW, AU NMOF BA A&
R MRI BHPEXS EEAIT 77, it BB ) FHMoM B R4 8 ) s A8 e
BT x SRR S B DN, BEE x S ARG ISE N, AEARAN SIS A [E] ik
FE) HE-MnM BRI CT MAGHIEAIEE S, TAEIRIR CT X LLFIANERE
bt E AR R I, PR AR IR I CT % Le33% . FHMnM [ CT 30K
HIEWOERLN) 1.7 5. FFE, L g2 R iR (B 1-4d) o 7E S180 farfEi /)N il
28 R K 200 pL (1) FHMnM APEHIT S EAT 16 3L IR BB SE 58 (B 1-4e)
VRS HTAR LG, PP AR K ORI AE VR S5 1) T1 A MR b o H 3 1 b gg 1 o
I H. FHMnM 7€ P98 DX s B35 S0 m ORGSR 5 9 9 . R, FHMnM 72
MRU/CT/PAT =G REF XS EEF, A28 K2 WG T o A SR
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1-4. (a) farf@/NRERRKIES NMOP-PEG RIFLEST/E 24 /NEHEY CT Blfg;  (b) /R
F2RKES NMOP-PEG BIFEST G 24 /B PA [ElfR;  (c) ERBKESS NMOP-PEG BIFLES/E
XS PA ElfR; (D) ESHEARIEES (0, 2, 6, 12, 24, 72h) farfE/NiR PAT

REEMERBRE ERMEREC; (o) MMHEARNARNA MR EEE. FEMERBREE

~THBXE (BfHn=3) 17

Figure 1-4. (a) CT images of hormonal mice before and 24 h after intravenous injection of
NMOP-PEG; (b) PA images prior to and 24 h following NMOP-PEG intravenous injection in
hormonal micel®]; (c) PA images of the tumor area [®® before and after intravenous injection of
NMOP-PEG; (d) PAI images of hormonal mice at different time points (0, 2, 6, 12, 24, 72 h) after
injection. The green circle highlights the tumor area; (¢) Comparison of MR in vivo for both

samples. The green circles highlight the tumor areas (n = 3 per group) [¢7]
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1.4.2 SEELRMRIR I T RE

AN — BT R N SRR, AR TR T L B SR . BT,
TERAR Za. AR NNIFUIE 2590 2 24 A0 5t s B R ) 35 22 5 A
PR 259 X ARG 25 . H BT PTMe 259 - Ei Wi gn i E . (55
3. BRI 75 S AR LA R 4 M 2 R A o AR AR LA SR R R
MR AE A, A EE e RE IS X LR 25 (1 S AR L A4
(1) BT bR A M AT A 1 T AT 710 o) ek e 200 P 0, 4 L 0 2 AR
Fbs (20 SR Ak, RS T H RE T R A Ak (3D BHIT IR
FERERL . (4) A bR o A R O8) L I K SRA IR Dy — R U 2
RILLIK, 48 25 DR AR RE VR I Hh IR 2 A S TT 5162 17 F 0385 (10 R 169 70,
E B TR 2R 2500 B U X S R 5 L I B e AN SR A I 2, B 1 LIl R S
T, ERIEH NMELFRMETRL —, BAREFWAEMMEEN. Bk, MEE
EYAEMIRE R IT T ARSI R, SR AV SR AR LT
PRV HLPERIRELE, DA R EER IR, 23T RERANA IR . 51t
[FIET, AT LASE T 2 Bl AT AN [R) B B AR AT 428 245 90 R s ) 38 w] 8 1 LA A R SE 19
AFAE T, DABEREIWER, BA RGN, 5 mT LU FIEE ) 161
AR, BA S TR ST P BT R T — 2B A 0 0785 1 R i
BB (EPR) LA ACHE ) PR R A oK AR

HAT, 47 J6sh /197 (PDT) A3l Jj97i%k (SDT) . J6#WTiE (PTT) |
BT (RT) « AZ30 7197 (CDT) AT IR AN SR DR 7 56 O S T g i)
G RIETT o IXEEYRIT I VERT IR 4 P P AR KR — e I E R o SR, I PR
F R DI AE B — BvE 9T 7 2O 8 40 kAT R A% T g 2 S B0 — L8 e U
WS 29 G = e 250, SRR s ARGORBGRKIEE 2. A FEMZE.
BeRERPER, BRI T PDT IR A o fiiRd = S A5 (TME) A7 8GR B R4
SR ABRE] T SDT A MERMN . 76 PTT Wy ik fEdr, i T5a sl 4
R i A B, BT BBl IE o LR A nT e 2 2 25T . OB IT T R
51 S ee B R R AL, HAE Z SIS TR TSR A 3l Jniasr
B AR TN BB TR ) 21, A ] A2 B B XU BR T AL
FZBR. EMIRIIGTT R, BT R, SEER R, MR R R A ) i R
il 7 R R T R IR LR R RE . R, SR G E RIS IR T AR O R T RO
HIEZ L F 2RI 7 VB G ERA N TR — I8y B R R R, JFH.
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BEEIR TR RS SR iR T ROR B B2 AR T A IR ST A 4
& I AU RENS BRI AT 25T ROR 1 LR I 2D Ao L IR
SRR R, R RE B TR, 1 H S IR T
e A A T T 2RI, W T ey TRkl A BE RS A L SEELHLAA Y 1
BENE, TR ML, Bl LG sn e T AOR . kiR Al A
SRR YT IR BE I v AT A3 0 R, TR I A v s B i KR — 2 ) A
WA B Z A B R, ARG IR IA BRI IR T R

JCIRIG SRAL S 3N 54T S ORI 2 (K9G, H i V9K 5 94K
FAEBAIET R IR R EEREM . SPEE AT A T — ) fE BimMnyOs
gkra (E1-5) , RERSCBUERR GRS iAot Byl in e s it 7 50 7]
Tk, HTMERPEGST. D& Bi S RIHE T BixMnxOs FEHRAML )
TR, AT EHE G I He e g AR I e d B 7 A . 38 SR A Mn* 474
A DUEE A B H Ak (GSHD (1978 MR IR 3 o8 (1 S A0 BT 1, AT e
SACEBN IR o RIS, AT G IO AT s o e S iR X3 GSH VA #8
ANFEHE B AR 2R, i fe gl 223 T3R8 .

CTAB AA
| —p
Zn(NO,), 5H,0

(U AAZNOH (A zns  @DBiS, « Bi,MnO,

& 1-5. AFEA PTT-CDT j&fr FiEH) BM REE)
Figure 1-5. A schematic representation of BM for combined PTT-CDT against tumors!’!
TR 25 W0 R TBCAE TRCT Y 7 T2+ B2 . ARt ) AT BAVORIE 7 1 — ok A
BUT SO, M B —ERDGRVERE, RESAEITZLANBOG I IR R A —E
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A T IBYTROR AR 7 SR BB AT LLAM IO IR1061 Febh 5 4 AL
Y Janus GPKE T RAEH AL, B AL SRR A 2 D0 H ks B 1% 4 5
HHAERBHBEPIAAAE T, INP Z8IE (Ves) fi# B /M4 (Au) NPs fil Mn?",
AT DA I AR A e H Ik i o AR S5 W P ) S S R AR 23 15T, AT o
YT TR, SRR, BT IR1061 JYBHE NIR-I & 1 H BA —E MR, &
g = A SO CAE R, DRI AT DLSEILOG 7S BB IR I . b4, AKATRL A ) Mn? i 2
A MRS, RS SCREILIR SRR I . AN 1-6 PR, iZG0KM RHMA R e
g SEI IR B AR O U AT LR A% ) AN T SE I BE = R e Ao 31X
FPAEZ B R 51 5 N BB 2 Fiia g7 77 M S5 & 1297 P 6 1 BN BT
iR 92 g ()3 77 0

Multimodal Imaging Guided RT/CDT
X-ray B T e i b o A ]
- 1

NIR Lfﬁf @ FLIPAIMRI %~

Determine the Position of Tumor

w —¥ PA Imaging
¢ @5

J%; > M% ,;‘:,’; NIR-Il FL Imaging MRI

1-6. AFEA PTT-CDT jA¥TAVER) BM REE
Figure 1-6. A schematic representation of BM for combined PTT-CDT against tumors [7¢]

L ERTIR, ARG BRI % G T T A B A, RERSAERRIIR ST R
HHEENEH, mHEAERETR—EIT. thsh, BONERE E gk itk B
—E IR YRS, KRB TN H TR B A, ASCRT LSS R 12 Wik vl
PARRER IR ARG T ROR . AR N 258 70 A A I 25 0% 28 B ik, A A
THIRHNGTT . BARAZ IR CLIEY] TS SRS YA 2w HE
REBS IR AP IR R MR A8, 1R BUEXTLLEE, R 2GR i 4544 . i X
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HEATARG, SRR OR IS ITRE ), I H Rl AR &, 5HAR
AN TR B 25 & REAT IR B3R 7 R, (ER X SRR REEILLE 14 A6 A2 1 PR 22
R, EARFENM I BIERSEEL, VR — L)l w5 Z oo . B, ZoKFRkr &
RS A, BHAG AT RH R T SRR GUORM RHER A A
DATRZ S AVE A A, T EBATIRAM T AR RAEY) 2 Rk, N T
SEB I PR A AN LA 12 I8, BRI ARAT RV REATS B AR K B3R T 45 1] o

1.5 ARRERESMRENX

JERE A T S _E ™ AR R ), R BUEM— A EE R, 1 HAEAE AL
TR — HIN, B AR B IEBCR R T e, I,
YN EIT R A B WA T 7. BT, 589K ROt GaTT
BT THZ BT, AR AL IR TT (IR R T i DRI T RCRIE BB, SERL
PTG DU R AS - B AT SEIAE AR 1 51 3 R AT IR T IR — A R
I R, Rk, AREMAEAHVN TRE TR S S T TRAL, 5
HEH R 2 BT ok, Wk 7 RARIRBUR DI RERDE AR 2 Dhfg
HAKAZIT H—Mn-GA@PDA ZUKBIRL, M SEBLESR AR T 51 3 AR AT
MG (B 1-7) o XAFTARAEAAEN S 1 AL RO R, B N9K
RIURLLE i PR e A D5 T S 43 17 58 22 IR R
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: e olvothermal
A M 5 t7ing Synthesis . CsH1NO,-HCI ‘
)
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1-7. Mn-GA@PDA 4R #4#H67Tr BRI R EE

Figure 1-7. Schematic representation of Mn-GA@PDA nanomaterials for tumor treatment
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$FZEF Mn-GA@PDA ZHKFR pHI & K 14 gE R AE
2.1 5|18

A MRI IEZAFE N —FP L R A9 MRI XS EE A AP B 2 sk B A R B3 7
ABEFEME . SRR T Z M Gd FEERTIAHRL, MRiE R AE A
B BTN ARSI . A, MM AR LR IME TR, R
EYIHEAM RS Re% i B IEHEME 24440 . Mn? I8 S &85 AL BUA
P E IR G ROR . EONEENRE, RIS GEHEL, M HA B &)
HLF B RN SE PR AR 7K AT s %, X0R] g S SO KR S R R, B BGR e i,
XA REA AT 1G58 MRI R HIRTELEE o tbAh, BREEKAA R AT DL A 24 An
HAb S &, L2 DiRetl, W MRI A NI 2RSSR 51 SRR TT, BRILER
AT LS E 21T MRS AR5 o

BBETIR GA & MZEWMIAEY), BAREA. Ktk H3R%E. pis
Ve DU PURR. PIREIR. IGE, WR TR, OB AT
s FIESEZMPIRA R . BB TR R i = A — MR R
IR, 01 o5 — A oA AU 7 IR R] PR S B0 i T IR A2 — R B E A AL
EERGH, BRI G R E TR AERAL. Bk, "R TR TR RIFEEE
Fotk, FEEVIE AR R T Z T

KL B (PDA) 2% EREECHAL LRE I R &S, N2 el
JR N5 RV, AT T & f LF I a AR R, 1 RS v FEAA LK 22T 100
AERKITARIE R . R 2 ERE CgaEM EAT fl & . ek ey AR
S ST ERERIMCATR L . £ TR AL, SR Z N T &K
PDA PKRAKZR, LIRS CLH GG L 8 7 AL WA SN R 25 3024 e
73, BE, AR A R KGR T A B AR H 2 R

ASHR Iy S KGR AR R TR AR A T R AR, AR
BB FRAGKBR, RSG5 T Mn-GA ZEWTEA R R SET R S ST
FIARNEM, JHERAE, BAL BN SRR, X HEth Tt
W WAt Mgt AT RAE . B W BB 2R 2 LI A E 9Kk, A=
4T Mn-GA@PDA GKRURL A il 26 UL S S5 R RFAIE - A B 358 R A O A 1
B8 MRIIEZIIPERE . 72 NIR OGN T RGP RE DL AL Ha0o I fE
R T AT 2 R Mo? ISR TR (GA) BEALA i (1 40 R BURL T T
IR 2 W AR T BB T
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22 WM SR
22.1 LR EREE

= 271 AR E I BTN EERE SR

Table 2-1. Main equipment and instruments in the preparation of nanomaterials

(& E2Y i 5 TR
PEIR R 7 75 IR ZHTY-50V MG ER AR, L
B R 1S09001 TEZHMARARA, b
pH/mV it MP512-03Meter =EAWRAR, L
T 7 I AL BEATL 1500F-DZ B2 MR AR AR, T
KAtk 2 5 RODI-220AI BB A AR IR AR, JET]
ICP-MS Icap6300 Thermo Fisher Scientific, [
IR IEIR Y VORTEX-5 HAMDURA SR IE AR AR, L5
W LLANBO AR LR-MFJ-808 EREOCRAHEARAR, K&
ZLAMERAX Fluke Ti480U RN A R AR, B
AR RS MS-H-S SCILOGEX, [
AR FreeZone2.5 LABCONCO, %
HHMPOLEE T UV-3600i Plus AR AR, ik
R B IH A e 2T A A IS 50 FT-IR Thermo Fisher Scientific, 3%[E
% V) ReRg bR MULTISKAN GO Thermo Fisher Scientific, &%
LA AL AT A PSM-500 Thermo Fisher Scientific, 3%
7 5 L A Tecnai G2 F20 FEI, %
X AT X'Pert PRO MPD Nalytical, fij>%
X WG LT RE TS Ay Thermo Kalpha Thermo Fisher Scientific, 3%[E
T SEAR BAZRAX Bruker Biospect7.0T Bruker Biospect, i

17



5% Mn-GA@PDA ZRK IR i) £ 22 1 BB R AE

2.2.2 SEEGEREIRFIFEH

| 2-2. AR E I IEH O EERT SFEM

Table 2. Main reagents and consumable materials in the process of nanomaterials preparation

LSRR N ZANEREa R

AL NaOH B TRAAR AR, i
BETIR GA Brrhr TR IR A, L
VYK A MnCl,-4H,0 Bohr TR AR AR, i
K LB C,HsOH N ERFIAR AR, i
HRZ L CsHiNO,-HCl B TR AR AR, L
DIASEE 97 MB PR R AR, dbxt
BERR #h 22 1xPBS WAL /R AR A IR AR, Wk
HEME H,0» JRTIRAAIREAA R AR, R

223 L HE

1. Mn-GA G KB0RL ) i) 2%

0.5 mmol FIFALEL MnClo-4H20 ¥ fELE 15 mL K ER A, #idE S min,
RGN 0.5 mmol B T GA, Hinfi+: 30 min £ GA TR . £
RPGIFE R, ESIMAFR S ENKIER (2 M), (RN pH {E R
£ 8.5~9.0 2 [f] . ARG K5 IR A I TURN 20 mL [ 2EH, 7E 150 °CHUFE M 3
he )i, KRS AREEEAT B0 AR EE, ARG RS SE 2 i, BB KT 2
i, WUTEYISCERKR, B T-20 «CAIR, AEETHTTERET 72 h, B{3)T
EEIIR =40 o

2. Mn-GA@PDA 4K FiikL i) 1) £

£ 250 mL AR I 100 mL, 10 mM Tris-HCl &, IIN— 52 S 1 Eh R
Z I EEE 2 M R SAL ANV EETR pH R 2 8.5, RJGHRE 10 mg Mn-GA 44
KRRLR AR BB o, F IR 78 7 34, S8 )5 L HE A R AL BEALEE 75 10 min,
ERRLAR 8. B a, B PTHRIAS REEEAT B O A, RS RS BE 2,
BSFKHE 2 0, CKuiiEUREERS R, B T-20 °CAIR, REE TG T RS
72 h, 3BT
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3. Mn-GA@PDA 4K Jki (1) 3 AR AE

i FE 5 P 288 (TEM, Transmission electron microscope) T 46 Al
G AT ] B R AN K O 1 R/ INFI TR SR S5 )« i PSM-500 R oK e pr i FELAE AT
A6 EU (DLS, Dynamic light scattering) € /K& 31 E AR, HIdHIKGHL
St (ELS, Electrophoretic light scattering) Wi & 44 KRR Zeta AL, HUART 1
Mn-GA 49K TRk KAl Mn-GA@PDA 29K BRI K 2 mg, i#id Thermo
Fisher Scientific IS 50 FT-IR B4 {i§ B2 21 SP 6 1A I3 Sl SR A AR BIURL I 21 50
i, ffH Thermo Kalpha %! X SFZEJ6H FHEHE (XPS, X-ray photoelectron
spectroscopy ) XTGKAF B St AT R FEATIE . 84 X'Pert PRO MPD #! X 5f
L7 (XRD, X-Ray diffractometer) X4 KMRLI fh AR S5 p 3E4T R AE .

4. shIREAI E

el ICP-MS #&1 Mn-GA@PDA WL T & &, R EH — RV R
FEH Mn-GA@PDA KUK ZKIE R 0.5 mL &0 THCE AE G SL 3R AR X
(Bruker Biospect) I, @47 BUARRCRMAG, W T A [a) AR (m) Sth PR B], P L
XFEEHEAT T AU S 15 B LN ) st R o AR 5] 5T 1o

5. Mn-GA@PDA 44K A4 kb 257 RBE i

EANE pH (5.0 F17.4) RIAFEEIL (0. 24 4. 6+ 8. 10~ 12 h) &
M Mn-GA@PDA 44 >K #4 K} o B 19 M & & BI7E A [F 9 i 1] R0 Ui 4R
Mn-GA@PDA ] FiEWR, FANAEERGEHEE PBS W, 8 EsM et THl
SEWCERI G M 1 & & .

6. Mn-GA@PDA 29K A4} 28 551 s S 3 A4 A )

AR SEG FRCR P L S Y9kl (MB, #5t) #CNIEY) . 1585500 R B
BALIER T Ha02 /i eOH, ARG 4k4E 5 MB RAEE RN, £ HAEMLE MB
MITE =) (MBox) , #1537 FH &L K A 1) i (o AR €, 3 3 obbs Ji 0 ke A
Mn-GA@PDA ZKM BHIEAGETE . BARSSI P ERUTT . fEAE pH 24+ F, &
Bt 100 mL 1] 0.1 mol L™ [ B&BREN K VTR - 28 J5 F FHEC 47 11 0.1 mol L (B R 7K
TR B R RE MB W Ha02+ NaHCOs3 223 LA K AN [RIHR BE (A RHR BE o« E 4
AN 2 mL i EP & 43 50N 500 puL, 10 ug mL™! ) MB &« 500 pL AR
FE (0. 0.5, 1. 1.5, 2mM) Y H202 ¥~ 500 uL 25 mM NaHCOs Z2 i3 A1 500
uL AFER B Mn-GA@PDA 49KA KL (0 5+ 15, 25, 50, 75+ 100 pgmL™D) ,
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37 °CZAF IR 30 min J&, AEH % AN R THE 400 nm~800 nm HJPAS VG H]
N AT GG E - MB £E 665 nm b H A RHEN g, 3@ I & MB 7E 665 nm
Ab BRI W B8 FEE AR AL KT A Mn-GA@PDA 4K RS e Sd 1. bk, 38
i T H g R (Electron spin resonance, ESR) 3L H d3E (<OH) 5.

7. Mn-GA@PDA KPR 7 7' # M BEPEAL

N TR Mn-GA@PDA 40 K Fii ki ) e #v kg, RATK MR E — € &
Mn-GA@PDA ZK UKLV fAE KA o A, A8 A P AR 7 10 min, {82 48
T SRS P A R B 3R (930 20 AN X AN R FE T A oKV WA T e R T il it 2%
e A RFE RN . BeAh, IERTTT T AR DA Rl — R EE KA R S
BC B A R Mn-GA@PDA KRR KA 5 R IR ERRE A 0,504 100200+ 300
400500 pg mL", K 808 nm IT ZLAMBOGHI D2 BN 1.5 W em™?, BTN 10 min,
I HAL LA A BSAGACEERS 30 s ik — T4 PR . HE Mn-GA@PDA
NPs /K BRI E N 300 ug mL, 5 808 nm ITZLAMNSOC TR B E W B N: 1.0,
1.5, 2.0, 2.5Wcem?, BGHSK 10 min, I H AL AMABAGACEERR 30 s idsk—
YRR . MERRIE 300 pg mL! 24E T, 808 nm ITZLAMNEOGTh R E
1.5 Wem?, VARSI K 10 min, AZIBTK 10 min A—AMEF, REHAT 5K
IR, H A ARG ACEERE 30 s i3 — N 24 FREE RO, ok, Xigdl
PBS 1 Mn-GA 44K R0k 4H 4 5] b #AEdEA7 s B e I E

23 ZR517i8

2.3.1 Mn-GA@PDA ZKEURIRL 14 BERAE

W B & FRRKIEN M2 RS, AT pH BT /KRN, BB PRSI Kk
H R ARBRAIECALRE 77, RERSIRIRIE 45 & Mn®" o SRTAIE S B i 7 v R I K
FLAE K BAE YDA 5 o0 BOPE AR G 1 LU AR, E VR RR R 2, A RESIR I I AE
AW ISR VR . TR, 51N 2 B y—Fh R T RS 1R #4550 ok 42
YK TIURL R RS e PEAN AR RE o 8B A0 /K AR LA AN ) S [i) FIA [7] e
T E T X PR RS, FATRKIAE — BN, PR EHRIESBEA —ER
FaE M, SN [ ANIER BE A BB S AR (& 2-1a AT b)
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a 150 °C 30 min 150°C3 h

100 oiif

b 120°C3 h 150°C3h  180°C3h

A\ : 100 nm o ; 100 nm: ;

& 2-1. FERNAEF RN EE X Mn-GA@PDA 4K BRI 55 B S0
Figure 2-1. Effect of different reaction times and temperatures on the morphology of
Mn-GA@PDA nanoparticles
Wk 2-2 Fr7R N Mn-GA@PDA 49K FURL ¥ SEM. TEM . Mapping  RAESE R

SEM Fil TEM EUZ 4 R B R, KN A R Mn-GA@PDA KBk 52 49K il
KBS, BA RIFE—M, 9PRB RS 209K 100 nm, % 20 nm, JEHIHER

(B 2-2a A1 b) o BT X Mn-GA@PDA 94K ik 34T 78 K 4L 54 #T » mapping
TR E R (C) VRN VE(O)s Al (Mn) T R #2154 T Mn-GA@PDA
KRR (B 2-2¢) .
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2-2. Mn-GA@PDA KFR AR MERFTMELER:  (a) Mn-GA@PDA K FiRIAY SEM
E; (b) Mn-GA@PDA #KFRiA) TEM KB FHTHE; () Mn-GA@PDA ZHKEhi HRE
EoTEREAE
Figure 2-2. Characterization results of physicochemical properties of Mn-GA@PDA NPs. (a) SEM
images of Mn-GA@PDA NPs; (b) TEM and electron diffraction patterns images of Mn-GA@PDA
NPs; (c) HRTEM image of Mn-GA@PDA and corresponding elemental mapping distribution of C,
N, O and Mn

IAh, FRATEXT Mn-GA@PDA KBtk FI4LAMGIE Kl XRD B A0S HE
Jr\ Zeta AL, DLS M1 XPS #EAT 12— 1707 o K HAH B AR #2141 (FTIR)
HIERAE T Mn-GA@PDA KRR AT, W B FRRAELLAMETE 3465cm™
A EL R T FREE AR IR B I, R S 5RO S, ARSI 2k
R TRETRSWME TR ##1T7E S (& 2-3) . XRD UEW] 1 & B
Mn-GA@PDA #EHE —F g IRk kL (& 2-4)
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55 5 Mn-GA@PDA Z4AK AL il 4 K A RESRALE

[
Mn-GA@PDA
[
[
[

Mn-G}‘\

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

2-3. Mn-GA@PDA #HKFRIHY (8 BTN HiE [
Figures 2-3. FTIR spectra of Mn-GA@PDA nanoparticles

Intensity (a. u.)

10 20 30 40 50 60 70 80
2 Theta (Degree)
2-4. Mn-GA@PDA ZHKEHKL XRD
Figures 2-4. XRD spectra of Mn-GA@PDA nanoparticles
SKH XPS KK REEAT 70 3 R 45 20 AT L REE B BRI BRI AP AE, AR BA
640.68 eV A H L FIRFEIE A Mn 2p3/2, LL 652.98 eV AL [ARFAEIE N Mn 2p1/2,
R Mn (DA RS, Mo (UDPIFR . B FRNMARS A2 ERA
AR (N oz, FTUENRZ BB TR & FIREPK A b, R 7L
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—IREE T AR R R A R, DR B R RIURLAE 22 B A4
NRAENE (K2-5) .

Intensity (a. u.)

O1s

; : —Mn2p
l l Mn2p3/2 — Background
C1s s :

S =

Mn-GA Mn-GA@PDA]

Mn2p

800 700 600 500 400 300 200 100 635 640 645 650 655 660
Binding Energy (eV) Binding Energy (eV)
2-5. Mn-GA@PDA ZHK B XPS

Mn2p1/2

Intensity (a. u.)

Figures 2-5. XPS spectra of Mn-GA@PDA nanoparticles
45 B Mn-GA 49K TR AT Mn-GA@PDA 44K S50 AE K VA TR T Y Zeta HE

753 791 4-20.30+0.68 mV F1-26.43+0.80 mV, K H BAT A0 24 B A I AT AT 4
(F2-6) o ghsh, KR ERARER, PORBRKN AL 144.16 nm /A7, IX
5 TEM EUR P ORARL AR DL A .

Q

N
o
L
H

=y
(-]
a. U.
N
(3]

o
(
N
.9
—

-
o
L

N

o
i
H

Zeta potential (mV)
ty

w
o
1

I jz ;% ﬁ%h

GA Mn2*  Mn.GA Mn-GA@PDA 10 100 1000
Diamter (nm)

2-6. Mn-GA@PDA #HKEihi Zeta ELALEIFN DLS 7k &HI1Z

Figures 2-6. Zeta potential and the hydrodynamic diameter measured by the DLS of Mn-GA@PDA

NPs (n=3)

2.3.2 Mn-GA@PDA K B pé5th 74 14 B

FHRE FEAR AR A AN ] pH (5.5, 7.4) K Mn-GA@PDA 49K Biki{F & MRI

24



52 Mn-GA@PDA ZHK kL 1 il % S M RE AL

WERRIIVERE . RIS R BRI 2-7 R, S IMERIE S BoR gk R A
A —E M EEERE ST o X SLIGE AT ek B EILA, 4 pH N 5.5 B4R 21 EE R
IH SR E n=3.9 mM1s?, =241 mMst; 4 pH Jy 7.4 I 515 3 BE R A0 1) o
B n=4.4 mM7st, =151 mM7st. MUILE R 2 ELE G & 7R g —Fh
AR IR AR R B AL, T EL R A8 SR O S ) TR e Y, R — R AR Y

FEAARIE S o

a b
Tiwl 0.025 0.05 0.1 0.2 04mM T2wl 0025 005 01 02 04mM
pPH5.5 & pH 5.5
pH7.4 pH7.4
c 0.0028 d 0.014
0.0024{ —pH7.4 0.0121 —pH74 y = 0.0241x+0.0025
- —PHSS5 0 0044x+0.0005 < —PHS55
£ 0.0020- R®=0.9985 2 0.010
o )
t—:; 0.0016 4 t_i 0.008
: y = 0.0039x+0.0005 ; 0.006 - y = 0.0151x+0.0028
= 0.0012 4 R?=0.9986 = R?=0.9157
-~ «~ 0.004
0.0008 - 4
0.002 -
0.0004 1= T ¥ T T T T T T T T T T T T T T T
0.000.050.100.150.200.250.30 0.350.40 0.45 0.000.050.100.150.20 0.250.30 0.35 0.40 0.45
Mn concentration (mM) Mn concentration (mM)
2-7. (a) —RIIERE Mn>SREH Mn-GA@PDA FKRERIEIZKRRET T1 ANALAT T2 A
W MR Efg; (b)) XSLHIBHITLRMER)INE, RENEHTZE rn MEEMEE n

Figure 2-7. (a) T1l-weighted and T2-weighted MR Images of a series of aqueous solutions
containing Mn-GA@PDA NPs with different Mn?* concentrations; (b) Linear regression fitting was

performed on the experimental data to extract longitudinal relaxation r; and transverse relaxation >
2.3.3 pH il Mn-GA@PDA K+ RIERL Mn2*

WA SCHRIRIE, TR E TR S8 S 1 B Re8 TE s ] R A7 B, X
Fe Az 8 n] DAFERR PR 2% A T W 2T 51 A B 1R BRltk,  RATTISE 1 #EANE] pH
FAFR (5.5 F1 7.4) K Mn-GA@PDA ZK A EHEE I Mn? R 6E 77 . S804 K B,
TERRME 2 F PR R M2k B 69% 547, TEFR &4~ R 33%7%
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A BRYE AT T IR BCR & I S R IR 2 5 42 40 - 1 2-8 45 R B, Mn-GA@PDA
AR FTORL 1Y) Min® BB 1E 55 R 1t (1 PR 58 i 43 B PRSI

100
—pH74
~ 80 ——pH55
=
p 1 = e
» 60- E
©
Q2
@ 40-
™~
c
= 20-
0- Jl L] L] L] L]
0 12 24 36 48

Time (h)

2-8. AN[E pH fE T Mn-GA@PDA #K#A#l e Mn? BIREAUth 2k

Figure 2-8. Mn?" release curves of Mn-GA@PDA nanomaterials at different pH values
2.3.4 Mn-GA@PDA K71 RIS 35 40 5 N 75 AL T

SRS, SRR N, H s MR R I AR (H02) 5
KB T Fe? SN, Bl A il B AT IR o AL R AR ER 2k B H 2k o AR SOkt & ™),
HMET. R BiET R TELES RS T EAAMEE S, HE A
SR MR AL, RE B AL A A A R A 3, ISR MR T S o
il % & ) Mn-GA@PDA K0k 2 T8 1 5 & T IC A I iR, e i T
W H00 7 A B 3, SBILG PR 40 i A =30 03R9T
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2-9. ISR K= 12 1 e 2 A R IR

Figure 2-9. Schematic diagram of hydroxyl radicals produced by a Fenton-like reaction(®"!

WHEEE (MB) HAEEME, R 2 EE B b S T AR Bl R 2 I H
LR, DR R A S/ 2SR s B ) BB A T RS Mn-GA@PDA
YRR ARV, BEICR W IR IR N2 R B B2k (COHD MR A5F1K &
EECE VRIS A 2 (COHD M. IR RE 2-10a R, TibRETE
pH 4 5.5 (ERMESC AT FI&E pH N 7.4 B HE4F T, Mn-GA@PDA K URLAR 1]
DR AR A ) ST T FE T R R R, W R R AR, 7E 665 nm AL FARFIETR
WA B S R B, T HLERVE SR TR VAR R 2 T At D Tk
IR FIRSEIG 5 R, i H LA DMPO £ 8 H el 87 1 LT H iESER (BSR)
PN EE TR R P AR AT, S5 R EOR pH 5.5 A1 7.4 ) Mn-GA@PDA
KPR ESR il 4 i 52 5]« OH Y #L AU IESE B 1:2:2:1, FLERME41E
THIE N, XEP Mn-GA@PDA KRB AR IS, 1E
Ho0: fE1E T RAEFGFWUR B4 «OH  H B 5 BAERME R N R BTENRIZL (]
2-10b) o A H Y H B AR 9 IR R AR A B FE A A IS 1 MB AT 4 i M
OH Ak, FE MB /KW HRARE (L lm) 7% (1840 . 1@ IE X Mn-GA@PDA 41K ik
AR ERE IR P AN F & & HaO2 BEATHIE T 704, S0 A0 AT IO 1R 27 Kkt et
Fr T RURE R 45 R — B o Y Mn-GA@PDA 9K Bikixt MB. (IR 5 1)
IR FER A TE M (B 2-10c AT d) o 28 EATR, AHF5TH Mn-GA@PDA 492K
WOREEAT L B ROS AR RGRE Ju, A7 B N T IR A AL VR I T
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R ARSI AT RS IE D TEER ;

—MB
— MB+H203

— MB/H202/HCO3Mn?(pH 7.4)
~—— MB/Hz02/HCO3/Mn? pH 5.5)

e
@
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o ©
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400 500 600 700
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800

g
c’ —
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—~05 am-
— 5 pygmL"”
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— Mn-GA@PDA (pH 5.5)
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2-10. (a) AEIF® (MB, MB+H,02, MB+H,0,+Mn-GA@PDA #KEiki7E pH 7.4 5
5.5) BIFRF KN MR IG5 46 5R 5
AEIEG T (pH E A 7.4 3 5.5)Mn-GA@PDA-H,0, & Rk R HIEE F B e iR {5 S (ESR);

£/ DMPO {E AR E B LN, &

(c) £ 1 mM H,0: &, RMARIRE Mn-GA@PDA KFHILLIE MB AR EHIAZER
() EREKE H0: &K+, ANMERKE Mn-GA@PDA
ARFKL (20 pgmL!) 4LIB MB iRREHIEF R MEIN- AT LS ATE DR

Figure 2-10. (a) Optical photos and UV-visible absorption spectrum analysis results of different
solutions (MB, MB+H,0,, MB+H20,+Mn-GA@PDA NPs at pH 7.4 or 5.5); (b) Electron spin
resonance spectral signal (ESR) of the reaction system using DMPO as hydroxyl free trap under
different conditions (pH 7.4 or 5.5) Mn-GA@PDA-H>0O,; (c¢) Optical photos and UV-vis
spectroscopic analysis results of MB solution treated with the same concentration of Mn-GA@PDA

NPs in 1 mM H»0»; (d) Optical photos and UV-vis spectroscopic analysis results of MB solution
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treated with the same concentration of Mn-GA@PDA NPs (20 pg mL™") in H,O, solution with

different concentrations
2.3.5 Mn-GA@PDA Z KBRS I M BE

Z Bl FE AR —PoGARIFRIE R, BAA B Rk, B2 BiziEih
A B Mn-GA@PDA KBRS 2 B, Ktk Mn-GA@PDA 49K 44 k| A
AR RIETE R . BATEIL S Mn-GA@PDA 49K BikiK 5 B R HET i
421 808 nm ITZLAMHOEIR S AP FO e v RE . A&l 2-11a BT, RS BE
Bl 2 ERE ARV MR REAS B TR R IVER T AR IR EE A 300 pg
mL AR A 1.5 W em? i, #EZH Mn-GA@PDA 44K 50k 7K 438 & Hi:
JEM 33 °C_EFFE]T 51.5°C, FHEMEE N 18.5 °C, R4+ T PBS AR LT
BAZA . Xt E [l R 2 BRSO, Mn-GA@PDA UK EHEA —
SE HIDCITHRIERE . 3 N RILA T YR RHE A R ZEEE (0, 50, 100, 200,
300, 400, 500 pgmL™") PARAFEIIFEE (1.0, 1.5, 2.0, 2.5Wem?) FHH
PNEREEAT I IE, s34 RR MIEA R Th %8 1.5 W em™ I ZL41 808 nm L)
ZERE N BT 10 min, 5B GUKRMRNR B (0 EE my T i ig . RN, sdEid il
SR AN [F] R ST ) 5 B 6 RS I Sk AT IR B AR ) BRI 2- 11D AT D).
TEGRARNAR B2 300 pg mL B, 655 1T 214 808 nm I U 22 5if & 1) A W 38 i,
HATHEROR AT (B 2-11¢) .« % Mn-GA@PDA 4Kk K 73 B R BE4T
YO GRS/ OC I, 13 BRI R e A HORIE IR E . O THE Mn-GA@PDA
YPRRFRIK D BCR H A R RFR B, AT M BT T 5 Yot HE e
B CEOC IS O AEIRSESR) , 45 R IF AR R IR it 2 A= W] A4k, (18] 2-11d
fle) o Zif FIRERE, Mn-GA@PDA 9K kL EAT — & FIe# M RE R R 4T (196
PAE Nk, R ORI RN 70, I RATAE Dy AT SER s i B2 H T PTT i
EREIERISDNE YA P
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55 70
—=— pBS —o— 50 pgmL! —4+— 100 pg mL
-#-PBS -4-Mn-GA - Mn-GA@PDA ? o= 654 200 g mL1 —+— 300 pg mL-1 —<— 400 g mL""
50 1 '/./o/"" 660 ] —+ soopgmLt - T L
~ A——
/ o S et
> 4
) 554 o
e A
/o p—o—0—9
0] F e

/% VY
[3+] o~ T
- 454 X # €

o p et s

w
(3,
e
Y
X

Temperature (°C)
8 8 &

25 . . . y r
0 2 4 6 8 10
C Time (min) d Time (min)
65 60
AGO- =1 0W —* 15W —— 20W —v— 25W Ass_ P=1.5 W cm?2
855' gso- o
9 504 )
S 5 451
£ 45 &
o = 40+
S 40- 8
5 35- qE, 354
[ =
301 30
Off
25 ————— 251 : : : :
Y 2 4 6 8 10 0 5 10 15 20
e Time (min) f Time (min)
60 2 min 4 min 6 min 8 min 10 min
P=1.5 W cm? Y
8 55 - on on on on on PBS ....
2504
)
é 45 4 100 pg mL-*
E 40
o 200 pug mL-
€ 351
= .
= 30 300 pg mL"* J
] Off Off Off Off Off
254
0

Time (min)

2-11. Mn-GA@PDA K BRI BSR4 BERAE : () EIRE T PBS.Mn-GA # Mn-GA@PDA
AKARIAE 808 nm ILLLSMEE (1.5 W em?2, 10 min) BBETRRIECHFARME;  (b)
Mn-GA@PDA #KEFRifE A ERE#EE (0, 50, 100, 200, 300, 400, 500 ugmL') , 4@
EIHhE (1.5 W cm?) B9 808 nm ITLLIMNAE T HRET 10 min B AFARMZE; (¢) Mn-GA@PDA
MABRAEREEEE (1.0, 1.5, 2.0, 25Wem?) , HERE (300 pgmL!) B 808 nm
IEATSNEE T EBST 10 min BUEAFRBLZ; (d, ) IRE X 300 ug mL' B9 Mn-GA@PDA £
KEURLZE 808 nm ALTHMEAET (1.5 W em?) BBSY 10 min, J4E0 10 min TR B IEIR
HZ R IR HRS B % () Mn-GA@PDA YRR RRIRESE (0, 50, 100,
200, 300, 400, 500 uygmL") , HEITHE (1.5 W cm?) B 808 nm ILLIIMNEFE TREBST 10 min
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IS AHRD BR o E

Figure 2-11. Characterization of the photothermal properties of Mn-GA @PDA NPs. (a) The
heating curves of PBS, Mn-GA NPs and Mn-GA@PDA NPs were irradiated with 808 nm
near-infrared laser (1.5 W c¢cm?, 10 min); (b) The photothermal heating curves of 808 nm near
infrared laser with different concentration gradients of Mn-GA@PDA NPs (0, 50, 100, 200, 300,
400, 500 pg mL"') and the same power (1.5 W cm?) were irradiated for 10 min; (c)The
photothermal heating curves of 808 nm near-infrared laser irradiation for 10 min under different
power gradients (1.0, 1.5, 2.0, 2.5 W c¢cm?) at Mn-GA@PDA NPs material concentration (300 pg
mL™"); (d, f) Thermal and photothermal single curves and five thermal cycle curves were obtained
by 808 nm (1.5 W cm?) near-infrared laser irradiation for 10 min when the concentration of
Mn-GA@PDA NPs was 300 pg mL-1; (f) The photothermal digital images of Mn-GA@PDA NPs
with different concentration gradients (0, 50, 100, 200, 300, 400, 500 pg mL™') were irradiated by

808 nm near-infrared laser with the same power (1.5 W ¢m™) for 10 min
2.4 REINGE

ARBEWFFA T —F0 2 LR ot 3 & FERE R 4K BT, (Mn-GA@PDA
NPs) . W& TR M A K AAEH 568 5 5 1 K A B ik
LB . Kl & A G TE 2 LIRS, DAk oK kL 1 A2 e 14
R GNERE o AHETE A R g K UL LG B/ kL AR Ay — B2 T B
Mn-GA@PDA KRR BEGERE A Mn?", 38 2500 e A A T 4 A S 90 i
T E WA, B A A O A A S A E
thN@DA%%ﬁﬁE?%%?%ﬁf,EE%&%%&%E%&%,ﬂu%
fit MR 38 52700k SEBURESCAR BASAG I« AL, 90K RIAE 808 nm JT LT 4k X 35

BA— MR, BA —Eroeaasr 2], T RHTEL MRI 5] S 16 #4
I MR ERER E B IR K.
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#=F Mn-GA@PDA BIKER RINFST
3.1 518

Mn-GA@PDA GURI BN IR AU G » L5 MR Gl B8 R 55 R VE A B g
A% BT BRI AL BRI S, B Mn®*, Tl I 5 30 0 R R 1 A S
AR E HEEAEUR, MR AR R AETH TS . Mn-GA@PDA 9K BHEIT L4
TR T, CROGRER AL N INEE A e I, B DDA R I R A
Ao MAMEEIREEIRTT, RES SEIG VR AL, B AP O fRE 4H
Rz i o

fEdk wh, RNl R AL ATL MR (R, BRI T
Mn-GA@PDA AU3KHH KA RN 1) A+ i it

3.2 LEERHEXLNHE
321 SEIGPRENRIERE

®= 31 MARMEHA MR FEM R RENEERE SR

Table 3-1. Main equipment and instruments needed for in vitro cytology research of nanomaterials

BEE S LIRS G
TR IR 5 4 R ZHTY-50V MBS HRAT, L
HLF R P 1S09001 LLMIARAR], Jbig
pH/mV it MP512-03Meter =fEAHRAA, Lifg
R FE AL B 1500F-DZ MZAYRE BB AR AR, T3
KA R4 RODI-220Al BLBTEKAUFARGIR AT, JHI]
= HI B0l L500 WA SESS AT KA RA ], WF
HLUKAE 4, -20. -80 T HWRAEVIESTRMARAR, HE
AWy 4 AR HR40-ILA2 R AEMETT R A IR A, 75 5
AR R A 3111 Thermo Fisher Scientific, %[
IRAR N &) ] LR-MFJ-808 HEOCHAHAR A, K&
LA AR Fluke Ti480U fEtR AR H IR AR, b
LA T UV-3600i Plus BEARAT, &
EILAL TG MULTISKAN GO Thermo Fisher Scientific, %[
51 8 5 R DMi 1 PRRaE, M
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3.2.2 SCEGEREIRFIFEH

® 3-2. PARMRUFINAREF AR AR ERMEER T S 7EM

Table 3-2. Main reagents and consumable needed for in vitro cytology research of nanomaterials

WA S HEM 2R EFET K
NERFLRE 4T 4 ATCC, *H
EP & NEEMEARAR AT, i
AR AF R G ARARAR, b
A TR Marienfeld /A 7], 7
S 15 R TR AL IR R A F], )M
B ERHEMILE R A IR A, T
S MRAEE ERHEMILIE R A IR A, T
AN IR ERHEMILIER A IR A, TN
ERa IR JRITIRAFIRHEA R AR, HER
HHER Gibco A #], EE
0.25%] £ H il Gibco A #], K[
75% 2.1 Bhr TiRAAA R AR, i
DEME 4 3% 77 ik Gibco A 7], FH
MTT 40 o 5 K i 2 A
\ BAREMRHEARAR, L
Nl
Calcein AM/P1 21 o 35 14 5541
‘ HAREWRHEARAR, Lif
i 2 ARG R
3 P A TR BAREVREARAR, Lif
s B 27 Brhr T AER A, L

3.2.3 KX

1. 07

MEERE L TR E (ATCC) WA/ NRFUIE 4T1, 5 A 10%/h

1% 5 &-5 5 A DMEM 375, 4T AT 37 °C. 5% CO, B F4a

BEATHETR, JFLL 2 Ry s AT 5 TR

2. YOS I S
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2 I 5 IV 1 FH SRR 1 7 AT e . e PUEEE R R SD R BRI
BRI, SRJ5 LA 1500 rpm Rl 5500 15 4080 W4 B3 iive H AR 3 #h K &
HrETF LIRS 4 Wt D4R . [ 1.5 mL i) EP &, £ 500 uL [ 4 wt%ZT 41
RS SRR 1) PBS BEIR SR 2 251K, AR EERRFE Y Mn-GA@PDA
OKHRL (50, 100, 150, 200 ug mL™) AR E, 7E37°CREE 4 /M. A4
LT PBS A2 85 77K 53 AE R BAPERIBH XS HE . KRS PILL 2000 rpm 25
O 15 73 R 25 MM, K 100 pL ANE R Es RN O 2 96 FLMk EdkATi3E—
Lot SRETERGHAMX FIE ML ETE 540 nm ARG . I 2 Xt
M, FER T E AT

WIME (%) =(Ar-An)/(Ap-An)x100%
A SEIGFLMITROCREE Ay BHYEAL IO An: B2 TR FE (B

3. e tEE AL

W AT GHM % 1< 10%AS/FLIR 40 M 25 B2 e ph 31 96 FLAR H, FEAEFR B AL 100%,
37°C, 5% CO: FI5F-MHEEFE 24 h ZATA ARG EEE K. KBREE =AU
BB AL AL 2 A 100 pL AR EE B Mn-GA@PDA 49K itk (50, 100,
150, 200 pg mL™") BFFR R AW, BT AMIME ML &Y a5 7= 50 2 Eroxt
MR, AR E 6 NE ALK 96 FLIRE T 37 °C, 5% CO HIIEFRAEH T E 24 h,
48 ho ¥5FE5EG, H PBS ¥hilk, ZRRIFEHIGUKERL, LR INEA MTT (10
uL, SmgmL!) BIRFFRE 100 WL, AEE TEFAETESE 4h. BJE, K 150 uL
[¥) DMSO VUM ZIRA L, EERREINNRRIR iR E) 20 70580, &5,
B ARG € & FLE 490 nm K FIECHEAE, FHXTas R Tg0 g
H1, HHEAIMAEES, MRS Mn-GA@PDA 48K Bk 40 i 351, 40 i sk
i A

YHHUIETE (%) =(As-Ab)/(Ac-Ap)x100%
As: SERFLRIOC M A WIRALMIIEEME Av: 2 ARG

4. 540 M/ FEA f g

W AT1 A% 1x10° A/FL I A 3 FE R 3 24 FLAR D, FFAER ST IR E 100%,
37°C, 5% CO2 7R 557 24 h B2PrAAMRIAINGEEE K. B LT Ry I7
%, BJ57r4 Control. Control+NIR. Mn-GA. Mn-GA+NIR. Mn-GA@PDA.
Mn-GA@PDA+NIR 754, {3/ 1.5 W cm™?, 808 nm ¥T £ AMEOE RS 10 min 4L 7
A, RIEHBNEFRERE 6 h, Fmbisekt, F PBS Pek—iw, /e iH4
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=% Mn-GA@PDA gk k&M 5%

WL - AM/BIL TE-PT e 0% 4R B0 T A AT e €5, 4L P A
250 uL 0.2 pM F54E K -AM FlAL PIne-PT 340 5 45 min. )5, HPOGEHEM
R G gE R
5. AN TENESE (ROS) Al

WK ANAEN — LREE (DCFH/IDA) ) & FO i NP6 DCF 3k
MiE ROS AR, 4T 4Hf4% 1>10° NFLIN YN 25 B hh 31 24 FLAR D, FRAERR
MR RE 100%, 37 T, 5% CO M FAf i 3% 24 h ZFrH A NGEEAE K
LA 5, &8 Control. Control+H202. Mn-GA . Mn-GA+NIR.
Mn-GA@PDA. Mn-GA@PDA+NIR 7S/ M ELLRF & 2 h, LA 1.5 W
cm?, 808 nm UL AMNEIGIEET 10 min. #A)5, HFLIMA 1 uM DCFH/DA, 37 T
HEEFE 40 min, R/EK4NM0AH PBS ¥k 2 X, H PBS H&, WOt
B SEA FHA N S (ROS) HIAE UL .

6. DA LI i S

Fe ATL G4 1x10%AN/FLIR 20 B 85 5 B A 31 96 FLAR H , FFAE IR 93 B2 100%,
37 T, 5% CO2 5 FRAAT % 24 h ZFrA A INEEEA A . 8 LA 3557
B, EHMA 100 pl AEHE ) Mn-GA@PDA g4K#1 %} (0, 25, 50, 100, 200,
300 £ 400 ug mL™) A1 PBS ki 5 AT1 L sE 4 h, BE)E 0B ARZHR
HEEHN 1.5 W cm2 15 808 nm [IOEHEST 10 min. BRI IREF3E, H PBS
Beig, LRGBS IGURBRL . BN LIRS A MTT (10 uL, SmgmL™) AR
FE 100 uL, ARG E TEFATDIES 4h. BEJ5, # 150 pL ) DMSO ¥R 3]
BAFLH, EERESNIRIK RRRREE) 20 8. E, HIEER O E S FLIE
490 nm WK M ENE B, Furgs RIATG et TR AR,
M PFAE Mn-GA@PDA 44K FIUL ) 41 g 257

3.3 RSV
3.3.1 Mn-GA@PDA KBk f3A I 14

M A A A L SE I — DT T AR W 3-1 R, A AR AR
FA R4 0 MO B4 o BOAEAT AR BE ks 200 pg mLt BT 58 I A 1) AR I A RE 25
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HHA 6.7%, K MBI MR 7] LB AT MR EYI R A
AMEMNARRE, — AR MLER/NT 5%y o AR, Sizgar s ST DL BA R i
B EA RUFHMBATA N, PAE T 5 820/ B R 4 2590

H,0 PBS 50 100 150 200 (ug mL)

©
T

W
e

Hemolysis ratio (%)
3

i — I‘I I—I FT
H,O PBS 50 100 150 200

(=]

Concentration (pg mL"" )

3-1. Mn-GA@PDA KRR A ML : (a) MRHRMIER &R E; (b) Mn-GA@PDA
MARBRAEARERE#®E (0, 50, 100, 200 ug mL1) HAMER

Figure 3-1. Hemolytic properties of Mn-GA@PDA nanoparticles. (a) Digital photograph of
material hemolysis; (b) Hemolysis rate of Mn-GA@PDA NPs at different concentration gradients

(0, 50, 100, 200 ug mL‘l)
3.3.2 Mn-GA@PDA £l K Fifl HOZH A &1 X F= 4 ROS HIRE

T MTT R IEAS 7 Mn-GA@PDA 9K BRI /)N B 7L e 40 i 4T 1 140
MEEPE. Wil 3-2 Fin, WEE 24 h fl48 h AR ER A R R, BEGEMERKE
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(X8 N, 20 P B R TR N . 7E Mn-GA@PDA W5 4 300 ng mL™1 I, 4HjEfE
TR ISR, S0 ah MR AR KT 200 pg mL B, Mn-GA@PDA #1k}
HA— 2 MM, HEEMIKE T Mn-GA@PDA FHELELA 1R U 41 AR 25
P, P R ARG AR

120
9 iz T 24h
= 90- =_ _ 48h
= -
— I
g 60- I =
> = I
> 30+ =
&)

0 || 1 || 1 1 1

0 25 50 10020030040

Concentration (ug mL'1)

3-2. AEIRE Mn-GA@PDA #KFkitEFr 24 h, 48 h IFHVRREGFER
Figure 3-2. Cell viability with different concentrations of Mn-GA@PDA NPs for 24 and 48 h

P A T PR P A S B AR I ) F R R 2, FEE S
FEATERT Mn-GA@PDA HA—E M S iGiErE, e S Er™
4= ROS. EAIZM F, 7 RIEXM A, KH ROS G+ thii K (DCFH-DA) Il
%€ ROS 4. DCFH-DA H & ANk, feH Hzsgufiufi, (HAEM A ROS /EH
F, DCFH-DA £ # AL B EAT 76 1) DCF, Ml 72 A2 455 . i B 3-3 Fif 7 Min-GA.,
Mn-GA+NIR. Mn-GA@PDA. Mn-GA@PDA+NIR ZH 5APEXFRZH (DMEM) #H
be, #ER KRR SR 5, XU IEM B VE R 8T Re 1S 4T1 400 ™
B TEZH) ROS. A T iHE—HUEN] AR RE™E ROS, FATRE 1 BRI HE
(DMEM+H202) SRAMLR SIS kR, 25 53R B BH 1 0 R 2H R 7= A K T AR 4
B9, HIPOLMREM KT &0 H . 25 LR, Mn-GA@PDA 4K ik 2 A 7=
"= ROS FIRE T, BEAE INIE M £ i g8 P 1 ao a0 P, AT S B0 B A £ e 9 4 i % 4%
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Control Control+H,0, Mn-GA Mn-GA+NIR Mn-GA@PDA  Mn-GA@PDA+NIR

ROS

3-3. ANEIMEIAIER DCFH-DA £48AaM ROS FIE . EHEEfIR 9 200 um
Figure 3-3. Pictures of intracellular ROS stained with DCFH-DA after treatment with different

materials. The scale bar is 200 pm in the figure
3.3.3 Mn-GA@PDA 2K BURLE P iR A J8 2 AR

G MTT A W92 A0 40 M 3% J8 s 0k it — DRl K P B T
Mn-GA@PDA FK M B FAH Rl R AR IR RE 77 o B UCRE 4T1 A5 AN R R B
Mn-GA@PDA #KA418F (0, 25, 50, 100, 200, 300, 400 ugmL™) K TAFHIL
I E 4h. WA 3-4a s, AFATHEOCRSES, BIE Mn-GA@PDA 49K k1K FE
FI% 400 pg mL!, ZHHAF I AT IR 80% . XF FE1EFE 4 h S5 %A FLAE I 808 nm
WL LLANEEIRSE (1.5 W em™?, 10 min) , XFHEZL CORESIPIRIED 40 M 7735 R
A HBOCK LA 20, BRMEMERRE RGN, ARl 1
BRI R R, 24 Mn-GA@PDA 4 KM RN BN 400 ng mL B, 4HBRA7IE 5 I
F 20%, EEAMEFBEOCIES R T 60%. SZIGUEN T iEid 808 nm Ur4L AN
HRG Re g SEIDCHATH R A . ok, R TR IR, A EThE%
MR AT BOER . Gl 3-4b, SEERZE SRR WIREE DI IN, Mn-GA@PDA 44K
FAEEXGH MR AR ROR 2 B BT .

a b
T I Nol
100 e @ 3 1 = e 100+ =
) 7 4 H ) el H H H
= 804 I S 804
> >
et el
= 60 T = 60 H
S o
2 I 5
> 40; > 404
© D
© 20, T I O 204 W T
, 1 |
0 25 50 100 200 300 400 0 1 15 3 25
Concentration (ug mL™) Laser Power Density (W cm?)

3-4. (a) KE#ER Mn-GA@PDA KM HRLS 4T1 ISR 4 h 5, 808 nm IELIIMNH
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J (1.5 Wem?, 10 min) BRETBIERY 4T1 HERIHEXEEZER; (b) E—iKE T Mn-GA@PDA
KRB AT1 HAEHIEF 4 h f5, TREITHEAY 808 nm IELISMASEERST 10 min HIfEAY4AAR
B FEER

Figure 3-4. (a) Relative cell viability before and after irradiation with 808 nm near-infrared laser
(1.5 W cm2, 10 min) after co-culture of Mn-GA@PDA NPs with 4T1 cells for 4 h with a
concentration gradient; (b) The relative survival rate of 4T1 cells after co-culture of Mn-GA@PDA
NPs with 4T1 cells at the same concentration for 4 h and irradiation with 808 nm near-infrared

laser of different power for 10 min

NT EINERIEE Mn-GA@PDA 4R KIBURLNT I8 i e A mh e 17, A1
15 FHAS 35 25 AM/PL AU 0325 Mn-GA@PDA 49K R R E T _E G HGATT 2%
BHHATIE . B, S AHRKE R DMEM. Mn-GA. Mn-GA@PDA 5 4T1 4
MILHEE 4 h, AR5 1.5 W em? [ 808 nm T £LAMNEOL RS 10 min, ERAAFIFE
dn Z AR RGBT RO . W 3-5 Fiow, FrA A 18 808 nm 1 21 /MBI G
HA R ORI AR Zr 5 0, T AE A 808 nm T ZLAMEOG IR S I KA
Mn-GA@PDA YK RHE 20 7R K7 40 6 o, 4T A L T R AR 3R T .
MEA 2 EE e R, BIERAE FH I 20N G RSt 35 5 B0 B K T AR
T2, HEXBBAZENAK. X T Mn-GA AAREEEREAMMRIET FIRE . 28
A MTT A5 3 AM/PL Q45 21, Uk 1 2 M 51305 1) Mn-GA@PDA 44K
MELE A IRIFFOEIEE DT, BEHE A R0 SEEL R G VT il

Control Control+NIR Mn-GA Mn-GA+NIR Mn-GA@PDA Mn-GA@PDA+NIR

3-5. 808 nm LA 1.5 W em? BITHERERET 10 min /5§ AM/PI Bl . BFEEHIR A 200 pm

Figure 3-5. Pictures of live and dead staining of cells irradiated with 808 nm laser at a power of 1.5
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W cm? for 10 min. The scale bar is 200 pm in the Figure
3.4 KENE

KEAMRZM EIRT T Mn-GA@PDA GUKA R VA LA XoF fik 3 48 i )
AEEVE . M4 E ROS (168 77 DA SO HIH % I 4 I IR RE 7D o ¥ I SR 50 R0 48 M
VRS0 R EIRIRE 24E T Mn-GA@PDA 4K A RHE A R 1T (0 A P AR 2 LA
BRI, Mt SRR E RIEL. tEAh, Mn-GA@PDA 90K Kl
A — Wi S B, Re 8 AR A B S A AR 7™ ROS, X8 48
BEAT A . SC R RSZIGIE] Mn-GA@PDA 4K b4 B T 21 A8 1 B 5 AT
PAAIELS R IR o 42 BT, Mn-GA@PDA 4K BEEAT — & e HBUR
RE T fie 988 4 it AT A Rk
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EMNE Mn-GA@PDA MK EHIEMFS
4.1 5|8

JEERE F& — M B A TR N RAE A B R, HLEOERAR A . AT S E 1Y)
HH2W 59877, OO % S0 — A B B0 B R BRGHA RI L R B =
JENR S ZAPESEN A, BON T IR I8 F 2 W FB. Kb B A s e
(¥ MRI 3 52712 SE IR M2 W i okt . TE R, & @A DL &9k Bk
HAEPBAM. A FEMTRESRA, TN TSR WEILRRE &
FLZG W A 5 22 P 4R

BATBE T —F &R G WL 549 Mn-GA@PDA 4Kk N ghkis fr B 1
SRR REAT — € FDG RGBT ROR . AEART TR IATEIT L 4T B2 N farded /N oy
YA, BEATAR AR MREL R 0 AR N 2 Ve SEBR, PR T
Mn-GA@PDA G K FIURLAE 1A P S I I8 A6 T T8 R 2801 22 4 12k

42 L EFHSLEHZE
421 SEFENEEE

= A1 ARV EHERIZE ARG BRI EEN T ERESNE
Table 4-1. Main equipment and instruments needed for in vivo diagnosis and treatment of tumors

with nanomaterials

(&= e G
BT R 1SO09001 REMIHRAA, Jb5
ICP-MS Icap6300 Thermo Fisher Scientific, [
IKAEAL R 5 RODI-220Al BETKAM AR EIR AT, JHI]
= H B0l L500 WACSEE AT KA PR A =], W
AR JJ-121 RAHETHRAA, HX
H 2 AL JB-L5 RANBTAHRAA, )
ALY AL CM 1520 wRATE, EE
URAR /R Gt LR-MFJ-808 HYOCHBARAR, K&
LLAN R BRARAX Fluke Ti480U tEAR MR AR AR, B
FESEAR AR AX Bruker Biospect3.0 Bruker Biospect, %%
51 8 5 R DMi 1 AT, fEE
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4.2.2 SEEGEREIRFIFEH

R 4-2. PR RUERIBETFLETr B R RN EE XTI 557
Table 4-2. Main reagents and consumable needed for in vivo diagnosis and treatment of tumors

with nanomaterials

WA S HEM 2R R K
NP 4T 4 ATCC, %:H
EP & IURAEYEARARAR, Lifg
PBS 2 FER R MR A IR AR, 3
75% . B TR AR AR, L
il FEYRAEMBEA R AR, 3
FANEIPL(HE) et B & UEIREMRHEAA R A A, I
4% % 5 R [E] 5 K FER R MR A IR AR, 3N

423 SEWHE

1. Bl e AR e Ay g

KA MEME Balb/e 7N (4~6 JEDFIEE B2 T FLIR A, 5T Mn-GA@PDA 442K
WA RE 0 BRI AS i A 4 P9 e Jev e v 1 B AR FE B 8 () A5 RE T - BT
AU KSIRE A BT 5+ N R B sh P4 B FH 23 03 2 o A At
(%5 : SHDSYY-2023-3315). H AL y: e EE B B b 50 250 K I
AT1 AHVH AL Tk, B0 J5 H PBS B & B 7E EP & HIKIG £ H o 1% 100 pL A 1x107
%Mﬂ%@ﬁ%gﬂﬁﬁﬁﬁﬁﬁ¢ﬁFﬁﬁT g R TR, A iR A
K& 60 mm?, AT 5 SERL LR ARG BB VR T SR 5

2. BT AR S

8 S Sbe VA A E R, T AR /N BRI S #h e /2 B
=4 mg kg AHANL, K Mn-GA@PDA KPR /N R B ER IS, S35 18 A/
BN IEIR SAGASOR /N B8 X IO AT R E AR AR, 43 0 S S A AN 5 /5 AN
[F B [ s A% A 5

3. R RGRTT
KR TFES TR, 20 RSP H 60 mm? E4AFHRE R SR 4 H (n=5) .
SISy BN O /NI NIES 100 uL PBS 224 @ %-/IN B8 PV ST 100
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uL, 5mgkg! 1 Mn-GA GORBUR HHEATIE 2 4ME0E (1.5 W em?, 10 min) BRYS
N . @& /NBRIENTEST 100 uL, 5 mg kg A Mn-GA@PDA 44K ki, @
/NI N VEST 100 pl, 5 mg kg™ ) Mn-GA@PDA 94K B0k - 34T U0 20 /MG (1.5
W em?, 10 min) BRGH/NEUMRE . 0T HEAT I 2L AMBO HE G 1R S 36 245 FH 2140 F5
BOLRIR AR ZE . 7555 0, 3, 6, 9 RATHERHTIRYT, REREH R &/ R A4
FAMRE T IR, TR /N BRI 04 e T SR R A AR

TRIETR = BRKAE X (A KAT)Y2

4. HE LM B A

WEER 14 R, KA/ RARSE, BUHFRA LM EZaEE, BIET 4%2 %
HlgEh . MraASAEEE, Y, RBAEBA B, M HE JetrtH 84T
HERH M. BEANRIT Ki-67 J2A6 00 it Jeg 2 23 o 2L e (O M LA 40

43 FER51718
4.3.1 Mn-GA@PDA £ S {48 P % TR AR 1%

Mn*" & PR EA — @ SR 2R 7). Bk, FRATXY Mn-GA@PDA 4
KMBHAT 7/ T FLIRME Y b () sth PR M REIINR, #R5T T Mn-GA@PDA 44
KA RIE A P4 8 o B MR SR RCR - 9K RHZ R o= SR /N R A E=4 mg
kg! G/ BT ERIKIE ST . W 4-1 FroR N Balb/e BT farJ /0y B K S
Mn-GA@PDA KA RHE NS PIREFEAR AR A E3E 5/ J5 AN RIS 1] 5568 T1 A
MRI B4, 458 8ox, M TES Mn-GA@PDA 90K#RRT, 0.5 h iHig a] BLHY
DB IR AL, EEAITEEEE AR, JFHAE 1 hE 5ig0E, £
PR DX 3 e B B R 5, X AT AR B Mn-GA@PDA & VR BETE R I [R] P9 A5 4%
)& SR AE IR X Ik, REMERC R RAF RIS /E o E 1.5 h NG AR IR [X ek i) 7 B2 )
EAER T 1 h BB, R RWIEIRE . Bk, Mn-GA@PDA 44K44
BHRERSE Ny MR IE 52 71HET MRI 12

- 43 -



VY Mn-GA@PDA 4K BURLAA P A 55

4-1. BERKCEST Mn-GA@PDA 44K #4 Khi&E 2251 Bl fa A [E] B8] 3R 15 B2 T FhyEE /LAY T
M MR B
Figure 4-1. T1-weighted MR Images of mice with subcutaneous tumors were obtained at different

time points before and after tail vein injection of Mn-GA@PDA nanomaterial contrast agent
4.3.2 Mn-GA@PDA ZAKFRL (A RS e Tr iiE

AT, AT T Mn-GA@PDA 49K R RHE I 2T 406 BB SR it i
JIIETT, FRATE 4T1 2 N8 Balb/c /N BAFE R BB AE AL (1] 4-2).

;e ai ;e ei +NIR ;a si

-
-7d 0, 3, 6,9d 14 d
Tumor inoculation Tumor Therapy Tumor excision

4-2. FBEIRTTHIRPITMN G R

Figure 4-2. In vivo evaluation protocol for antineoplastic therapy
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Xt B/ BRUAE R 45 2 IS PBS IR £R 22 AR o SE8/INBRAE 0 day 3 day.

6 day. 9 day CEEBE 3 KD 455 MIRR vESS 100 pL, 5 mg kg [ Mn-GA ZKF
FiF1 Mn-GA@PDA 49K Bk:, FE4H 1.5 W em™ L ZLAMNEEIE S 10 min. 55
TN IR AR R /N R AR F AT I R IR E S (B 43¢ F1 d) o B 4-3a AR
/N B AR AT B R SR BB I e, T 4-3b ot 7 R LRSI EE X . st ah Rk i
14 RN AR IR EFRE N, XRH Mn-GA@PDA ZKH# kL EA R 1)
ettt AR ERAME R I LLAMEO G T ) Mn-GA@PDA 9K AR Bt i
o 2 R 5 A I 2T AN R 1 Min-GA 9K RHIPUM B A EARAL, #RAE —
SE IIPUIPIR SR, (AN s B IR 20 /NSO B ) Mn-GA@PDA 4K #4
XU TR 2 SR T 9K P RL B i D R R, REE BE I IR R FE RN,
o R A B O ) AR A RO . AR AT 6 LE Mn-GA@PDA 95K #4 #1H+NIR 411 PBS
HAHBENES, PR A PBS 41 9.5 1%, J& Mn-GA+NIR LA
WOCIRS 0 5.7 £ o @I LA S 1) Mn-GA@PDA KA EHEA R 718
PIBTT IR R, I8 T RN IR

R

a s BT = : 'E'»':L'.] b
PBS ﬁ - N o |
) 0.4
Mn-GA@PDA & @ ® e ¢ =
o
S I
MnGA+NR ¢ B Fa) & () %’ I |
= 0.2
Mn-GA@PDA+NIR & o & - 'S g
"'HY"'H‘U!‘ (R H‘ T .4““ m “ LB mv dii ‘ [T LLLLI H‘\ \‘H\ 1LLLE H‘\ ‘H\ ‘wHH H‘ E
11234567 8910111213141
A o et e e I
0.0 . . ,
Control MnGA@PDA MnGA+NIR MnGA@PDA+NI
C d
700 30
"? 600 4 ;c:‘ngzl PDA 28 4 Control Mn-GA@PDA
g Mn:GA+@;1IR — Mn-GA+NIR Mn-GA@PDA+NIR
~ 500 Mn-GA@PDA+NIR %’ 26 -
) S
£ 400- o241
= o
S 300 < 22
2 220
° 200 4 'g
€ 100- @ 187
= o 161
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Time (day) Time (day)

[ 4-3. GERMRHAMEIETT: () MERTTSRE R (b) JBTT S REMEAANTIIE
2; () AT 14 RIERNEXHARBZ; (D) TENRIATT 14 RAFRET L

Figure 4-3. Anti-tumor therapy with nanomaterials. (a) Photographs of the effects of tumor
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treatment; (b) the mean weight of tumors collected at the end of treatment; (c) Relative volume

curves of tumor size after 14 days of therapy; (d) 14-day body weight curve of tumor-bearing mice

UeAh, XN EE RS GO IR, Bl B, BRI PRI A,
AT HAREFFO Gt (H&E) Jeft, DIPHHAPRM R EEME . H&E 6 (K
4-4) 25 B LTRSS /N R 2 N A 240 I S A AR R P B S, gk — IR ]
7 Mn-GA@PDA 4K FRLAEAA N TC I B s, A2 et Rif.

PBS Mn-GA@PDA Mn-GA+NIR Mn-GA@PDA+NIR

Lung Spleen Liver Heart

Kidney

4-4. BEXWHNRNEERE OLPE. BFBE. Ab. BHE. JRAE) A H&E REBER. #&A
EEfIR A 100 um
Figure 4-4. H&E staining images of major organs (heart, liver, lung, kidney, spleen) of mice in each

experimental group. The scale bar is 100 pm

X FR A AT H&E LM Ki67 G4, i FraR, PBS 24 4T1 e 4 i 1
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Figure 4-5. H&E staining images and Ki67 immunohistochemical images of tumor tissues of mice

in each experimental group (10X and 40 X). The scale bar is 200 um (10 X) and 50 pm (40 X)
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