g E2 s Hag g K

I I I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬂ:g_"ti/lf\.j

WIr-eigr-BRIFIIEIBITHKIBITEAR
ﬂ i 5 X ZLRR T BYIE IT SR

L &' g, KBE? X &'
(1. FHMR A 222, ﬁ%?éﬁ’@SMﬂ [ 2 H S SR 2, 1K 3R 130012;
2. TR D BE B2 D BRI TR, KR 130012)

WE EAR, MG DREAR NN KR, ZIIRe90KE A PRHE 67 SR 2 7)1 N . R i) 52
Joetk 2 Z kDA R 2 RV R RRAE, AR B — 1R T BARME R BB AR TR P RICR . IR, B 2 FhAy T Oy SRS
B SEBLPRE B ATRTT N T RFE M3 RSO T — RO B 9KIRTT V- &, 76 Pref L Au 90K F R
(Pr@Aw) R E R 2 L (PDA)TEZE, I7E PDA 7¢)2 Hh 1 2B 25 2 (DOX), 78 PDA 7¢)2 R & 1 fi 4 b 4L fk
fiff(GOx)H NH,-PEG,-cRGD. NH,-PEG-cRGD FJ LA 5 g 4 it i F2 3k 1) aviB, B B AR F R 25 6, SR
TRIT V- A TR X I B 4 . DOX AT AR IR 4 DNA, FIFAb~43697 . /AL Au R PDA A5 1 63 B
AT LA T OCEIATT . GOx T A5 e 4 B P 198 4 4 8 S5 1oz 2 1 s 2 B R 1,0, SEIVLIRIAYT . PerE e T
128 3 S A St T LA L P8 200 6L P H,0, 73 i A 1 O, SR A el = S SO B, (R EDLIRIA YT . R, 45 1
Pt@Au@PDA-DOX-GOx-cRGD HA 7 - HIEY T - B ALY LR B S 167 I i RE T .

KR GRS A BT ERNAYT; DUEIRYT s FLAVE

FESES 062531 XEREE A doi: 10.7503/cjcu20240467

Construction of Chemotherapy-Photothermal Therapy-Self-enhanced
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in Breast Cancer Treatment

MA Shuang', LYU Mingyang', ZHANG Citong”™, LIU Yi"
(1. State Key Laboratory of Supramolecular Structure and Materials , College of Chemistry ,
Jilin University , Changchun 130012, China;
2. Department of Oral Comprehensive Therapy , Hospital of Stomatology , Jilin University,
Changchun 130012, China)

Abstract In recent years, with the continuous development of nanotechnology, multifunctional nanocomposites
have been widely applied in the field of tumor therapy. Due to the heterogeneity, complexity, and diversity of
tumors, single treatment approaches often fail to achieve ideal therapeutic outcomes. Therefore, combining multiple
treatment methods to achieve synergistic tumor therapy has become a research hotspot. This paper designs a novel

nanotherapy platform. A polydopamine (PDA) shell was coated on the surface of Pt@mesoporous Au nanomaterials
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(Pt@Au) , and doxorubicin (DOX) was loaded into the PDA shell. The surface of the PDA shell was modified with
glucose oxidase (GOx) and NH,-PEG,-cRGD. NH,-PEG,,-cRGD can specifically bind to the overexpressed avg,

integrin in tumor cells, facilitating the accumulation of the nanotherapy platform in the tumor region. DOX can
damage the DNA of tumor cells and is used for chemotherapy. The excellent photothermal properties of mesoporous
Au and PDA can be used for photothermal therapy. GOx can react with glucose in tumor cells to produce gluconic
acid and H,0,, achieving starvation therapy. Pt, as a common peroxidase mimic, can catalyze the decomposition of
H,0, in tumor cells to generate O,, alleviating the hypoxic tumor microenvironment and promoting starvation therapy.
Therefore, the Pt@Au@PDA-DOX-GOx-cRGD possesses the ability to perform chemotherapy-photothermal therapy-
self-enhanced starvation therapy for combined tumor treatment.

Keywords Nanotherapy platform; Chemotherapy; Photothermal therapy; Starvation therapy; Breast cancer
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AHLE, T 20 B 5 R B SR R A R A, DR b 7] 85 3500 S ) A I 2 0 I A < A K
Dkl A, FEF R AR (GOx) BT T IR TR T SR IS 22 )12 K . GOxE I —Fh i fbif I
il 0] AAE O, 7475 F B A WA B 2 WEIR 15 H,0,, DT T AE A ysd 240 B P S s 2k, s BILRIAY T 0
SR (SRR N = EMOA R S KR BRI IUBRIA YT IR TP Rk . IR, Sl BAM W O, I R 2%
i s = SRR m YU P SCR IS FB . B, W WA R A i = A X R (1) AL
AP BT A 111 28 0,, 36 M DX 3l 5 MR B e DI 4043 R 0, (2) 25 &3] e 4 g
AR 57 A B VR B N IEE 1,0, , FIHEAE R AL H,0, 70 2R 18 0, i, i FH MnO, Filish S840 S 55
A TRHE kT3 A M PN P L0, 23 %R 0,72 5380, T I T LA T bl DB A4 I 45 IR BOE 5%, A5
PUBIRITARME S VG IR . A YURIGIT 5 Z2FMGI7 I N (b sIG 7 OERaBY T 5 ) AHEE &
SEIRYT IR AT RO k0

R, ARSCETT T —FB R AN KIGI 6, 78 Pr@fr£L Au BSe Ak R (Pr@A ) 1 2 i 0. 78 58
Z M (PDA)FE)Z , JF7E PDA 72 )2 H 7 3R 5 K (DOX) , 7E PDA 72 )2 i) R 811 GOx Fll NH,-PEG -
¢RGD. NH,-PEG-cRGD A] L5 i 4 At o ik 323k 1) o, BB H AR AR LS &, LY KIRIT B 1E
JifRg X ek 4 B A . DOX AT LG5 g 4B B A DNA, FHFARI7 . A FL Au 1 PDA B S5 B 6 RE RT AT
THHIEIT . GOx AT LA e 4 P 114 481 28 W s 07 A 1l 4 26 A PR A1 HL O, SEBRILIRIA YT . PLVE R
(A 2Head S Ak S T LA AR e 20 i P HLO, 93 AE T O, SRAf IR 2 AR EE , (R EYLIRIAYY . SCI04s
WL, % ) Pt@Au@PDA-DOX-GOx-cRGD HAG AL I7 - Y6 HIR T - A AR SEYLER 1A 97 B A 36 7 s 1)

1.1 KA 5{EE

SO EARRER (K,PCl,, 4652 99. 9%) . = /K& WA AR (HAuCL,-3H,0, 4l 99. 9%) | L-HTIR IR (46
I 99. 99%) | kit = F IR B (4 99% ) . /KA E(NH,NH, - xH,0, 41 24%~26% ) . Cyt-C (2
95%) . IIANG- L (H&E) Y . 2 B ERIRE: (DA, 4l 98%) | thFRFTEE 2 (DOX, 4l 98%) | 4
EPHEAAALEE (GOx, BETE R 50 Ulmg) Fll = (e HI 36 ) 2 L HH L (Tris, 40005 99. 9%) , iR T A=A}
F A R T s EHL-T 2 -3k cRGD(NH,-PEG,-cRGD) , P25 4s AE Wy RH AT BR AN W) 5 7 b
(4l 99. 5%) , 5% [ VG k% 3 B4l B 25 /0 W] 5 CCK-8, 36 [H Bimake A M) RHG A B ] 5 hER (HCL, 437
ai), TARAB VI RE R A R T CoN-SH(S2 3CHk[ 22 1350, il A 2 Ab s Tl & e A IR
A5 2 FIRRUE S Bax (46 95%) | Bel-2 (4l 95% ) Fl HIF-1a (253 95%) , bt S B B 1 A FR
Nl BT Bax P (4 95%) . 41 Bel-2 ik (45 95% ) . it HIF-1a it (45 95%) . $i Cyt-C ik (4k
& 95% ) F HRP #ric () S bt FRPUIA (465 95%) , Hilg TR S A BR AR 3,37,5, 5 - DU H SRR i
(TMB, 4l 99%), ifgd e MAEAERMHEE B A B2 Fl 5 Click-iT TUNEL ARG & . HIF-1a B ST
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& (ESEE122) F1 FITC, 3& [ 38 8k € /R BH4E /A 7] 5 Calcein AM, Propidium lodide , BCECF-AM ., #:f %
b E AR £ . Hoechst 33342 2 {4 % Fl Bradford 25 14 W B I 2 R0 &, i3 = KA AR A R
o8l AR N R & (ROS-ID) , 32 [ Enzo 22 Fl 5 AU 20 A 08 T2 K 13X 5] & [ Annexin V-FITC
(7-AAD) |, R =HiAEWHEARBAR A BRA A5 8 F/K (FEFHZ 18,25 MQ-cm).

JEM-2100F %435 5 o, i 534 (TEM, Jis fi &4 200 kV) , HAS JEOL S w]; VERTEX 80V 7 BL
AR 21 AN TR (FTIR) , 5 [E Brucker 28 7] 5 Empyrean 4 X SR A7 54 (XRD) , far 22 AN B} ] 5
UV-3600 7 28 4h- 01 WL A3 66 BETH (UV-Vis) , HASSHA A Agilent 725 B o B 5 55 58 TG
(ICP-OES) , K[ ZHEE /N F] 3 LE-LS-808-10000TFC %! 808 nm HOEHS , TRYITH B GHL AR A PR # 5
T 1 JPBJ-608 70 (i 485 A A 0 2 AN, VAR R 22 A3 e AT BR A F] 5 FV1000 7Y 5 A2 1 3l
BX43 RISt B ik, H A BEARE WA E] 5 Infinite 200 PRO BIEGHRAY , BB #h F] Infinite 23 7] ; Zetasizer-
Nano BIBIZS AN, Sl By /R A ]

1.2 LR

12.1 Pi@Au B H & S HESCHR[ 22 Dy kb Tl 4. o0, A PLAKBURL . K5 2. 5 mL 0. 2 mol/L HCI
VAW . 3. 0 mL 10 mmol/L SV AABRARA B BTN 50 g K FR, 7875 “CRYMERE HH i B 30 min, DA BTEERD
il 75 mL 40 mg/mL L-FU IR ML FR VS W, FEMEAE T #RE 2 hEHUH , BRI E S . BiJE, 64 120 mg
C,,N-SH ¥ f# T 10 mL 7K H 1 300 mg | 75 %g 3 — 1 B9 {2 (CTAB) i % T 40 mL /K H, % 10 mL
HAuCL 7 A F C,N-SH (IER T, PR CTABIEREIA LRSI, FEE T & 20 min, D
AN 32 mL 7K & A TR RN 30 mL 85— 45 BUAY PSR AOTR S IR, 58 30 min, FHZKBS.OBER 31K,
M35 Pr@/rFL Au B TE45H4 .

122 Pt@Au@PDA-DOX th# % ¥ 1 mL 1 mg/mL Pt@Au AR ZE 4 mL, 7625 IRIEHER 518 F 1
FOIMA 4 mL 1.9 mg/mL DA, BRI A. BClil pH A 8. 5 1 Tris W, 4 1 mg 35 R B 85 22 1 A 76
9 mL Tris T, RICMIEW B, SEPEM RIS RS RIR G . TR FHidE24 h, RIVES RS, K
(VA 0> (10000 r/min, S min) 53] Pt@Au@PDA-DOX.

1.2.3  Pt@Au@PDA-DOX-GOx-cRGD & #| % ¥ iR {5 i) Pt@Au@PDA-DOX 73 HILFE 2 mL £ B 7K
o, BRI A, B2 mg GOx 15 mg NH,-PEG-cRGD A f#1E 6 mL Tris VAR, BINVATR B. B8R KH
T EE R 2 400 r/min, TERER FRATR BINAZIRR A . FEIR TRV 24 he OV EEHRIE , B
5.0 (10000 r/min, 5 min) £33 Pt@Au@PDA-DOX-GOx-cRGD.

1.2.4  Au@PDA-DOX-GOx-cRGD Wy # & %, ML Au: ¥ 1. 0 mL 10 mmol/L HAuCL I IS N F)
5 mL 19 mmol/L, C,,N-SHIE W H . BFe4E8), WM B\ i A8 ot . B mre 35 CFSRE
30 minJ5 , # 6. 4 mL N,H, A, B ZIN BB AR T IR EE . 7635 "CF &8 30 min, 7R
R 301 19 H,S0,/H,0, 1 W W 30 min, WCER 1031 F HLO RS . S 96053 PDA Fl 2 ) 1 25
AR 1. 2. 2011, 2. 375 HRAHTH] .

2 #R51E

2.1 #HmHFEERE

il % 19 Pt@ /L Au B 5e KR PR RS 76 nm [ 1(A) |, FmE #2155 mVIE 1(E) ], XRD
Tk E 2B Pr@Au HAT 37 5 AL 1(F) ], Mapping R AEZ5 R R Pr@Au 37 Au 5 P (ST,
WAL FHFERD.

X} Pt@Au 47 PDA IR AT DOX AU 2% . T DA £ & Sy AR IE L, R AE st 214 ol
PIERATE PDA 72 20 B 1E Pt@Au 1 1M (Pt@Au@PDA ). DOX A] LLiE it -7 HEFR LA K2 5 PDA 2 [A]JE
B SR B PDA 5¢)2 o (Pt@Au@PDA-DOX). H B 1(B) AT L, Pt@Au@PDA-DOX i R 514 106 nm,
PDA 522 JE-FE 29 15 nm. 5 PDA J5 99 Kb T~ 19 2R 18 HL #58—-30. 2 mV. ZL A6 8 7R 40 K R 7 1
3410 em ' AMFAE BRI AN N—H RLARPR SR ICIE , 7E 1038 em ' AFAE C—O Migs IR shik il , 3568 PDA
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A R LA K DOX R R 2% & 1(D) .

T PDA AT LA i 3 s /R B 5 2 A B i o 2L i 42, [tk 78 PDA S22 Al — 254 GOx
HINH,-PEG,-cRGD. TEM 8 J 28], GOx fil NH,-PEG,-cRGD A& I % #7 X} Pt@ Au@PDA-DOX [ FE
AR [ B 1(C) | (B2 Z 5 R A8 4-33. 1 mV, Xf Lt GOx, DOX, NH,-PEG,-cRGD
PILT AN (B S2, WASC K HEE) , Pt@Au@PDA-DOX-GOx-cRGD 7E 1639 F1 1531 em™ £ 775 ke
Wl , 78 1039 em A AEAE C—O—C AP 4R gl , X 245 515 ] GOx Fll NH,-PEG-cRGD Y BUIIE 1 .
3 22 AT DL IOGIE AT I, Pt@Au@PDA-DOX-GOx-cRGD {4 B T Pt@Au #l PDA 7E It 2140 X [ 8 3
W, HATEAE R EHIRY T IERE (B S3, WASSCHFHFER).

[’;I}?' B

g 1():0“ nm

24[D) PL@AU@PDA-DOX-GOX<RGD (F) (1D __ pypDF#04-0802)
—~ > —
o\\i 2.1 g Au(PDF#04-0784)
g 3 =
218k P@Au@PDA-DOX =i =
.4 2 Q = —~
215 2 T S ==
g = < ed
= 12} Q L
& @A N

"
09 I I I 1 I 1 1 I ” I P | | YT
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Wavenumber/cm™! 20/(°)

Fig. 1 TEM images of Pt@Au(A), Pt@Au@PDA-DOX(B) and Pt@Au@PDA-DOX-GOx-cRGD(C), FTIR
spectra(D) and zeta potential(E) of Pt@Au, Pt@Au@PDA -DOX and Pt@Au@PDA -DOX-GOx -
cRGD, XRD patterns of Pt@Au(F)

(E) a. Pt@Au; b. Pt@Au@PDA-DOX; c. Pt@Au@PDA-DOX-GOx-cRGD.

22 e

i T Au 1 PDA 52 2 B A L SO EHWERE , X Pt@Au il Pt Au@PDA 1M EREIHT T F40F .
AR T AR EE (0, 25, 50, 100, 200, 400 we/mL) B4 KK 775 808 nm IO (1 W/em?) FEET R Y
AL . 5 R EH, Pt@Au fl P@Au@PDA f4 7 2 Bt 25 40 KORE 7k B 4 386 Jn i =5 [ 11 2 (A) A
(D) . B4R T B R 400 wg/mL B, O IR ST 10 min Ji5 Pr@Au FI7K 7 W& A9 B 43590 1+ 22 39 il
63 °C. BESS, [E 9K FHREE R 200 pg/mL, 70 5IBEE 0.5, 1.0F12. 0 W/em®, WA i A8
1b. G5 FEEEOCIIR I, Pl@Au il PoAu@PDA /K TR (1R 3 2 W T [ & 2(B) FI(E) 1.
MWOETN R 2.0 Wem B, Pr@Au Fil PK@Au@PDA 7K 5% 19185 B2 43 531 - 28 46 F1 56 °C. Xk 24 400 pug/mlL
R KA 808 nm IO (F12R K 2. 0 W/em?) FEA T I [R) BES , B B IR RRIRE B B, SR HARE
R . IE 2(C)FN(F) AT I, Pt@Au Fll Pt@Au@PDA [ HEE AR 43510 33. 63%
152, 45% , AL E] 23550k 322 s[RI 3(A) TR 334 s[ [ 3(C) 1. fieJ, [ 72 4hKobi T3 JEE o 400 pgmlL,
AN 1.0 Wem?, 43 FIER T 4 MG THR-RER ML . d & 3(B)FI(D) AT UL, 44> Fh-FEIRAE R i
IR ASAEAR /N, DLB] Pr@Au Fil Pt@Au@PDA [5G HE G M BT
2.3 DOXHIHm SR

T FAEDOX ki, 22 T DOX M PR EIZE[ K S4(A)FI(B) , WASCHFEEE ], K5,
4172 DOX JF 1 Pt@ Au@PDA-DOX-GOx 5.0 LBk, IFE 3G HiiF 2 ) DOX i [ [Bl4(A) | J&
THE H DOX By T kit 4 44. 06%.
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O 60 F 23 reimL B € 5oL+ 20Wems g 40r 3
) +-50 pg/mL / Lo ) i g o kY
g 50100 pg/mL <" 245t . E30F - s,\
s s « P 3 °
= Rl —— 200 . *,
N ./' %,
S E35F . — £ 10r ., %
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Fig.2 Pt@Au(A) and Pt@Au@PDA (D) temperature rise curves at different concentrations, heat-up curves
of Pt@Au(B) and Pt@Au@PDA(E) at different laser powers, photothermal conversion efficiency of
Pt@Au(C) and Pt@Au@PDA(F)
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Fig.3 Heat transfer time for Pt@Au 322 s(A) and Pt@Au@PDA 334 s(C), photothermal stabilities of
Pt@Au(B) and Pt@Au@PDA(D)

T ARSI AT DOX MR Ty, 22l 7 kR iiERh 26 [ 18 S4(C) (D) J. A FTZEHT 4975 1K
Pt@Au@PDA-DOX-GOx 73 HI|'# F pH=5. 0, 7. 4 }2 pH=5. 0+NIR (2 W/ecm?, 10 min) it PBS Z& ifi&E i H
B 1 h BUS T DOX AU BScE: . I 4(B)al L, 18 pH=7. 4 B4 T HA 21. 58% 19 DOX AL H
BRI . 78 pH=5. 0 B Z4F T DOX BB $ 5 51 40. 66% , LB TEFRIE AT LA(E #E PDA 72 )2 FA#

A HTF DOX BRIk . 75 pH=5. 0+NIR [ 514 T DOX Bk
&, It PDA 58)2 1A, 1E
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(V) — First contrifugation 70 - (B) —= pH=5.0+NIR
— Second contrifugation 60 b —— pH=5.0
— Third contrifugation ;\9 so b —— pH=74
5
E; 40 |
2 30
b
Q 20 r
(@]
10 +
1 1 1 1 1 0r 1 1 I I 1 1
350 400 450 300 550 600 650 0 5 10 15 20 25
c/(mg-mL™1) t/h

Fig.4 UV-Vis absorption profiles of the supernatant of DOX-loaded nanoparticles after centrifugations(A),
drug release profile of Pt@ Au@PDA-DOX-GOx at pH=5. 0+NIR, pH=5. 0, pH=7. 4(B)

24 GOxWIfAZ R ELEMK

el FFA 11 JBve 3 ) &0 it Pt@Au@PDA-DOX-GOx HP GOx i & 1 (J81 S5, WA ST (5 ). 45
T, GOx TR AT BN 12. 79%. ABHETE AR T 10 1Y GOx 1] LS5 O, 1A 285 4 52 1oy A= B ) 265 4 7R
FIH,0,, Pri] DAL H,0, 50 i A= 5 O,, R IEYLERIAYTY . I T B 0E GOx M AL 1% 14, 43 I T
Pt@Au@PDA-DOX-GOx Fl Au@PDA-DOX-GOx E 75 i 4 W FAS 75 45 4 4l 1 7K W b pHL{E & H,0, 10,
SRR

T, W T pH AR ML . BT GOx At i i 2 i AR Ak 28 AT 29 B R, (XL, Pt@Au@PDA-DOX-GOx
F1 Au@PDA-DOX-GOx A ) pH ¥ 52 Rt [ S(A) 1. BlJS , AL HO,R 575 &40 T Pt@Au@PDA-
DOX-GOx Fl Au@PDA-DOX-GOx 7K W AEAN [R) 4 6 Al B 251 19 HLOL MR FE A2 Ak, il T 1,0, 1200 &4
il ThRAERRZR [ 5(B) 1. BB S(C)RTIL, T Peal DAL HLO, A4, (145 1,0, (MR EEmAIG, R,
5 Au@PDA-DOX-GOx # L, Pt@Au@PDA-DOX-GOx A H,0, % 5/b .

7.5

A) = . g B
70 | Pt@;'\u@PDA DOX-GOx+Glucose (B) 1=0.01824x+0.01335
osl —— Au@PDA-DOX-GOx+Glucose R=0.99882
L
= 60
S
o 35F
o
50
45
4.0 |
1 1 1 1 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 0 2 4 6 8 10
¢(Glucose)/(ng - mL1) ¢(H202)/(umol-L-1)
7+ D
© ~ 0 D)
o 6 a -1+
4 5 S én
3 5k 2 g 2+ A AAAAAAAAaaa
o
S 4 25T
> 3t AE 4t
S af
T 2} <8 S
=4 2 = PL@AU@PDA-DOX-GOX
1L — P@Au@PDA-DOX-GOx+Glucose 8 70 - Au@PDA-DOX-GOx+Glucose
N ~+ AU@PDA-DOX-GOx+Glucose ~7 |-+ PU@AU@PDA-DOX-GOx+Glucose
0 200 400 600 800 1000 0 5 10 15 20
¢(Glucose)/(ug-mL1) t/min

Fig.5 pH change in solution(A), H,O, standard curve(B), H,O, concentration change in the solution(C),
dissolved O, changes in solution(D)
5, AR T Pt@Au@PDA-DOX-GOx Fil Au@PDA-DOX-GOx 175 ¥ 1 ¥4 i O, 1 &5 78
fb. HE5(D) AT, Pt@Au@PDA-DOX-GOx A M F AL 0, & S AT AL . Pt@Au@PDA-DOX-GOx
THEIEZH BT GOx FEAL B ATHHHAE 0,, PtOCKAE UHY HL0, 73 R AE L T 0,, BRIk, O, & &8 kst
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TREIG SOEWE TR, 2 TE AN . Au@PDA-DOX-GOx 2H 1 T GOx B A AL i A il 46 0,, 4
I, O, S R IRA S RS
25 RAREMEMMEmSE

SR T T ek T A4 X 2N KR A B BRI, BEFH NH,-PEG-cRGD B i 94 K K - . NH,-PEG.,-
cRGD VEMHE [ ik, AT LA Mg 20 0 vb i 0k 18 B, 5 SR 45 4, AT SR AR 178 it gg X I8 ) =
£ . 4 Pt@Au@PDA-cRGD (PAPR) , Pt@Au@PDA-DOX-cRGD (PAPDR) , Pt@Au@PDA-DOX-GOx-cRGD
(PAPDGR) 1 Au@PDA-DOX-GOx-cRGD (APDGR)fE AIFFEXT 4L . A T %% T PAPDGR R RR E 1,
T, FARF LA 100 we/mL VR B 430 43 BRFE K . AE3EER 7K L PBS. 1% 10% I35 7Y DMEM 35 5% 5 &
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Fig. 7 Comparison of DOX red fluorescence intensity in cells after cellular uptake of different materials(A),
cytotoxicity of PAPDGR on normal and tumour cells(B), cytotoxicity of PAPDGR cultured in high
sugar/no sugar DMEM(C), cytotoxicity of PAPDGR and APDGR under anaerobic conditions(D)
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Fig. 8 Summary of cytotoxicity of nanoparticles under different conditions of Ctrl, PAPR, PAPR+NIR,
PAPDR, PAPDR+NIR, PAPDGR, PAPDGR+NIR(A), comparison of red and green fluorescence
intensity of AM/PI cell staining under different conditions(B)

(B) a—g. Cutrl, PAPR, PAPR+NIR, PAPDR, PAPDR+NIR, PAPDGR, PAPDGR+NIR.

FIH AM/PLIG FL AL G (5 58 T AN [RIQARLF RGBT TR . iR 8(B) 5119 R, Xif BRZH i 4 fifg
Yihs @t RIJCANIEAET . SEO0LH RN KR 17 25 0 25 ) F NIR 06 B REST, wT OISR B 21 8o
Y LA A B R, e SEOCARSS G SO O B BRAIRIT AT LT TR
AHER YR 1 2062, BLRAXT MCF-7 40 g i A5 iV e o

A 3 I A AR A T AN R T S A R BEI . B 10(A)~(G) AT UL, PAPR 2 77 24 17% A9 41
KAT; HFEHIRIFER, PAPR+NIRAIHF2920% WA & AEHT; T DOX MILIF1EA,
PAPDRAAH 2 23% (AN L AT 5 B TA07 SOEHIEITIIAER], PAPDR+NIR 21924 26% ) 41 il &
AT TYUVERIGYT ST 1ER, PAPDGR 412 45% R4 R AR T HTFARIT | JEHIEyT &L
WIRIT IS VER , PAPDGR+NIR 20124 52% B A A A=A 1~ . G5 Rk — kil T IAIR YT RICR i
pSRTE N

DOX 7] LA b8 Bax J2 Cyt-c (92535 . F I Bel-2 IR BIBE AT . N T IIFEX —d FE, X
1 E DOX MK A T ELISA M, 25 R AR PR HE T Z A S7 (A SRS o . 2804040
UI'F: Cul, PAPR, PAPDR, PAPDR+NIR, PAPDGR FI PAPDGR+NIR. H & 11 8] W, 712F DOX Ji Bax Al

Chem. J. Chinese Universities, 2025, 46(1), 20240467 20240467(8/14)



o HEF FHwE R

N
I I I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬂ:ﬁlbz

100 um 100 pum 100 pm 100 pm
—

100 pm 100 pm 100 pm

Fig. 9 AM/PI cell staining under different conditions of Ctrl(A), PAPR(B), PAPR+NIR(C), PAPDR(D),
PAPDR+NIR(E), PAPDGR(F) and PAPDGR+NIR(G)
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Fig. 10 Flow cytometry tests for apoptosis and necrosis in Ctrl(A), PAPR(B), PAPR+NIR(C), PAPDR(D),
PAPDR+NIR(E), PAPDGR(F) and PAPDGR+NIR(G) under different conditions
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Fig. 11 Bax(A), Bcl-2(B), Cyt-C(C) proteins and HIF-1a hypoxia factor(D) content after different treatments
(A—C) a—f. Curl, PAPR, PAPDR, PAPDR+NIR, PAPDGR, PAPDGR+NIR.
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Fig. 12 Changes in intracellular pH in the fluorescence field of view of different experimental subgroups
(A) Cul; (B) PAPR; (C) PAPR+NIR; (D) PAPDR; (E) PAPDR+NIR; (F) PAPDGR; (G) PAPDGR+NIR; (H) APDGR.
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Fig. 13 Fluorescence intensity of intracellular pH changes in the fluorescence field of view of different experimental
subgroups(A), fluorescence intensity showing the oxygen content of Ctrl, PAPDGR and APDGR under normoxic
and anaerobic conditions(B) and intracellular H,0, content in the Ctrl, PAPDGR and APDGR groups(C)

(A) a. Ctrl, b. PAPR, c. PAPR+NIR, d. PAPDR, e. PAPDR+NIR, f. PAPDGR, g. PAPDGR+NIR, h. APDGR.
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Fig. 14 O, content of Ctrl(A, D), PAPDGR(B, E) and APDGR(C, F) groups under normoxia(A—C) and
anaerobic conditions(D—F)
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Fig. 16 Infrared thermograms of tumor regions of Balb/c mice at different time points in Ctrl+NIR,
PAPR+NIR, PAPDR+NIR, PAPDGR+NIR groups
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Fig. 17 Body weight changes(A) and tumor volume changes(B) in mice within 16 d
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Fig. 18 H&E staining of mouse tumours of Ctrl(A), PAPR(B), PAPR+NIR(C), PAPDR(D),
PAPDR+NIR(E), PAPDGR(F) and PAPDGR+NIR(G)
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Fig. 19 Expression of the mouse tumor hypoxia factor HIF-1a of Ctrl(A), PAPR(B), PAPR+NIR(C),
PAPDR(D), PAPDR+NIR(E), PAPDGR(F), PAPDGR+NIR(G) and APDGR(H)
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Fig. 20 TUNEL section staining of mouse tumors of Ctrl(A), PAPR(B), PAPR+NIR(C), PAPDR(D),
PAPDR+NIR(E), PAPDGR(F) and PAPDGR+NIR(G)
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