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Abstract

The nanoprodrug system based on drug-drug conjugation can significantly enhance drug loading
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efficiency and drug encapsulation, and prevent premature drug leakage in the bloodstream, which
reduce the toxic side effects of drugs. Consequently, we designed and synthesized a reduction-re-
sponsive drug conjugate IR806-CB by linking the photosensitizer IR806 with the chemotherapeutic
agent N-phenylbutyrate CB through a disulfide bond. The conjugated compound IR806-CB self-as-
sembles with polyethylene glycol-cyclodextrin (PEG-CD) in aqueous solution to form supramolecular
nanoprodrug SN-IR806/CB via host-guest recognition between N-phenylbutyrate and cyclodextrin,
m-1t stacking interactions, and hydrophilic-hydrophobic interactions. This supramolecular nanopro-
drug can be effectively accumulated in tumor tissues through enhanced permeability and retention
effect, subsequently internalized into tumor cells via endocytosis. In the intracellular reducing en-
vironment, the disulfide bond could be cleaved under high glutathione (GSH) concentration, leading
to the release of CB. Simultaneously, upon irradiation with 808 nm near-infrared light, IR806 not only
absorbed near-infrared light for conversion into heat energy that elevated temperature to induce can-
cer cell death but also generated reactive oxygen species for further cancer cell killing.
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1. 5|

BEE DR AR IR R, gUKEZENIZTA, It H BN GTT B RE 2 A A F Bz —.
B AR LE K LRI PR 8], 38 3 40K 25 PR A T v B0 3 1 R B RN (EPR) (2 32 25 4 7 I8 350 A6 11 5 AR 801
[1][2] [EBF, FeTEECZMIMIAKAT 2k R R IH K 77, fetd B E RS A BEE ML, Ehe
% 38¥ G 7E 25 W) (E LR BA 3ok 2 Hh 0T R 28 ) e A, AT PARARG 265 40 () 23 @A L [3] [4] . IX R 258 B =X
O 2 FH ) S A e i AL A B LR 2 o R R Y BT 290, TR AR LRIk, %8k
BB [ 22 A e S B B RO PR 20, R BV T BUR[5] [6].

BeAh, 7B A FEEEN ST IR (PDT) R HYTIE(PTT), BI04 (NIR) HI R S Y 8GR, 51k
T MESE(ROS) A 7= A Bl B 1 T i, AT S BOs 40 BB T2 [7] [8]. b, Jash o ikl — a1
TUBIPE YA T 8 RE AN 98 RE PE IR 7 VE[9] [10]. JeBl Tk me B = AR el IR 4. @
IR OGRS, YRR AR, AT T R A0 B AN 2 R A B RE A AN B AR e . B
F1Jii . RNA B DNA [11]. Je#T ik NE —Fap R AR IT 51k, FI R IR 2045 S e i) = AR il ok
AKFEAA[12] [13].

AL, FATEH IR T R )RR IR806-CB, RiLiE i —fi S 5 4 Y BT 1R806 Fl1k
TR T IRE A CB, % MELZi4) IR806-CB 5% 4 I - WIS (PEG-CD)IEE 7 T IREN SR <
[ 14 3 2 A4 R A TR SR B /KA F 0 E K b 438 T8 it 20 F 99 K AT 24 SN-IR806/CB (14 1) 1% 4> T
YK T 24T DAIE S e PR A B SN A R SR A MR 2L 2R, 1 P I P 4 R N B R 4
FEAR AN BB JE RS, BIZE SR B HOBRK(GSHYERI R, R kAR Y, Bl CB. [N, £
808 nm [T LI AMEHRES T, 1IR806 AL REM ML ISGIT 21 4 ek e s FARE, IR FE T AR BRI 40 i, 1 L
REME RV TR, I R A R IR T .
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Figure 1. The schematic illustration of the fabrication of supramolecular nanoprodrug SN-IR806/CB

[ 1. SN-IR806/CB #B4r FHKBI AR FHI FR~EE

2. SCUGER4y
2.1 RIEFR 55

1-(3- LN IE)-3- R WAL b FR #h . 4- W SRk nE . 2K TIRETT M 2-52 2 & itk B
R TR RA A . R - PO (PEG-CD) W [ 74 & S 5 E MR A R A Al . N, N- I H
Wi (DMF) R — U B A1 G K kIl B L 2646 1. 2% A SO 31 IR806 [8]. MXBISEHR kA o 5
N AgilentAV-400 T35 [E Agilent 24 7] . Zetasizer Nano ZS90 44K H A7 A W - 3 [ 2 JR S0 A B A ] o
FES T BB RIS N JEM-210 19T AR PR 2 4.

2.2. A TFNRATZRIBIE R

2.2.1. IR806-S-S-OH BY& Ak

¥ 36 mg 1-(3- - AL N 2E)-3- £ He ik — W i #h R £h . 30 mg 4-— HI (& ik nE A1 200 mg IR806 A Z|
20mL S BRI 4h, BRI REK 110 mg 1 2-F2 25 “RAE T 2mL 19 &P ke, I
IIANE) B S, =N 48 he RMEEHRE, A 10 mL £E 1K, SBEHEVZEHET, BHH
FEEMT AT IR 41453 2 774 IR806-S-S-OH 194.8 mg, =% 82.8%.

2.2.2. IR806-CB HIA R

¥ 78 mg IR TRRETIT. 40 mg [ 1-(3- = HEUIL P JE)-3- £ 3 — % Eh IR £ A1 30 mg 1) 4- —HI&
FEMERE I 20 mL S e in FIBHE 4 h, 93N . 855 140 mg [1) IR806-S-S-OH ¥ T 2mL [ —
AWk, AR R R BT, SRR 48 he RNEEHE, A 10 mL ZE 1K, SELAENE
T, FHREIEEAT R 413 2] Y) IR806-CB 106.8 mg, ™~ Z 76.3%.

2.2.3. BYFHAKAEIZS SN-IR806/CB B &

# PEG-CD (10 mg)#1 IR806-CB (5 mg)ii A\ 1 mL DMF w, #itkid % 5 2218 3% i 10 mL £ 1K
W, GRERBEFE 24 ho PSR S, RVERE T4 15 2000 MENTEEH, FH 500 mL 25557 /KiEHT 48 h,
6 h#—IREHTK, BENGERE, AHETREIE S T49KHT25 SN-IR806/CB.

2.3. B FXKETZE SN-IR806/CB BT RERFER

2.3.1. B TFHHKATZE SN-1IR806/CB HIZ5HIRER
# 5 mL 1 mg/mL FIE 9 KR A TS T IENTAS (9 7 & 2000) 748540 3 H 20 mL &4 GSH (10
mM) ) PBS FIAEH GSH () PBS & T 37 CHbATiENT, HAklE4l, H 808 nm 1.0 W/em? L 4L4M
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BEAT RS 5 min, FE TGN 8] A5 WA AR PBS R T & NT A8 b, 8R4 - AT LG I e B
R CB &

2.3.2. BYFHAETZE SN-IR806/CB HYZAp S 14

4 HepG2 40 4% 1 1.0 x 10* (U FERN 96 FLAR T H59% 12 he FREEFEIE, RIS H A FWRE
f] SN-IR806/CB 35355, HrhyeHE2H F 808 nm 1.0 W/iem?2 i 2L 4Rk 4T RE 5T 5 min, 3%3% 48 h J5 % 2=
Regeds, KA MTT J7i it 47 4u i is vhs .
3. &R5118
3.1 it/EE
B FAKATZE SN-1IR806/CB HIHI%& S5 AL

ARSCVETAr B T 48 S P AR B 2590 4 T+ IR806-CB . HAKIA B AR 2 fiom: ik & 2% sCik
Hl & RNRFL TR IR806, FREITERIk e MoK FLBR —hitd Al sERE, 53 A 724 IR806-S-S-OH, X

HNMR iG] 3 . $:3%, B HER R BT 292K T IR BN $24F IR806-S-S-OH |, 5% HFx
74 IR806-CB, HALZ: 45 M) TH NMR 1% EHIESE (1] 4).

IR806 IR806-S-S-OH IR806-CB

Figure 2. Synthesis of IR806-CB
[ 2. IRB06-CB HIA L

Figure 3. 'H NMR spectra of IR806-S-S-OH
[ 3. IR806-S-S-OH AJ *H NMR EliZ

DOI: 10.12677/jocr.2024.123048 501 HHL A5


https://doi.org/10.12677/jocr.2024.123048

e %

L i P L N e L &) PR T

3 g 5388 & 8 383 32 588 =es58° I 5

85 80 75 70 65 60 55 50 45 40 5 30 25 20 15 10
5 (ppm)

Figure 4. 'H NMR spectra of IR806-CB
4. 1R806-CB K4 ‘H NMR [Ei

834K T 2 SN-IR806/CB & HH AR Iif& 1 1 FRRITKE (1) 5 £ — BE(PEG-CD) A& X 244 IR806-CB i
RS 5 X TREIT 2 A EZ AR BIER . IR806 Z A m-n HEAUE FHAISEER K/ F 1 3L [F 46
K AR . Tl dE ks % SN-IR806/CB, E[¥f PEG-CD Al IR806-CB ¥ T DMF Ja,
PRI LB 7K, BamidiF T DL A VR T 1845 2 - 40 T2 KT 25 SN-IR806/CB [Fl 4. 1% 73144
KT 24 (R A 1 2R A2 AE 3 B ) A6 BIUH (DLS) AE 5 i 7 B M (TEM)BEAT R AE . /& 5 Fios, #5
T4k T 25 SN-IR806/CB £ /K Hi T4 f124 k42 4 182.9 + 3.2 nm, PDI 4 0.329 + 0.07, HIESi NEkE
TR TR G K, 2 B 1) 4545 B 40 T- 40K AT 245 SN-IR806/CB 7E /K th BA T ¥y — kAR, 3 HAiZki427E 200
nm LA, & F T EPR 28,

(A) 25 (B)

Diameter = 182.9 £ 3.2 nm
20- PDI = 0.329 + 0.07

10 100 1000
Diameter (nm)

Figure 5. The DLS (A) and TEM (B) data of SN-IR806/CB
5. SN-IR806/CB #YJ DLS (A)#1 TEM (B)##E

3.2. BOFHAKETZE SN-IR806/CB RISttt izt

N T 9T SN-IR806/CB ) #i i fig, FATHUL £1.4h (808 nm, 1.0 W/em?, 5 min)HE 5 SN-IR806/CB 1)
PBS ¥, JFH4l PBS AT IRB06 1) PBS ¥ MAE Jxf AL, JrAlic eI THRE A .t 6(A)Fr
/N, SN-IR806/CB 41T 5 73 #hif FHid 26.4°C, BHE & T PBS 41/ 3.2°CH1 IR806 ZH[) 12.5°C. X HER
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PRUOAGAKZ54) 4 IR806 i - HERE AT Bl S84 o w] AR S 1 im FL R AR A, [RIIN B (IR AR O RE R
TERCELTF ) IRB06 S i THIMALIR o EAL, %7 e (I RE 5 3 R JRg 240 L PO AN T 3008 12 L R IR B

APV Tk, BRJE, I 7 T 49K T2 SN-IR806/CB ) = I il Fak il 418 A Hf 2 0 ¢ 380 - v 1)
IR EREARA KA, EWRE T EEELL, Y] 7% T 99K 125 SN-IR806/CB R A RIFHIDLHEE

SE (1 6(B))-
A — (B)
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Figure 6. (A) The AT of PBS, IR806 and SN-IR806/CB; (B) The AT curves of SN-IR806/CB during repeated NIR irradiation
on-off cycles

[ 6. (A) PBS, IR806 1 SN-IR806/CB HIFHiS R ; (B) SN-IR806/CB HIFLHAIEIFHILE
3.3. BaFMKETE SN-IRS06/CB BB 1%

5, FRATIEFH HepG2 4 il R 7048 7 T 4K i 24 SN-IR806/CB [IHtfRg R . 4l 7 Fiom, SN-
IR806/CB TE# A JEHRIMZA AT T, RIVH —E A fud i, X2 i HepG2 4R 7E I SN-IR806/CB 4/
KEGWIG, FEMREAN A B8 SR IR, K25 i —ai s A AR R, B TBUR AT 4R T IR A CB,
TR FE RN, R B AT R . I 40 4M'%(808 nm, 1.0 W/em?, 5 min) k47 4} )5, SN-IR806/CB
i%fmtasiﬁ%mélﬁﬁ@%ﬁ, KT YR IR806 fEJEIESR AT, REMEWL WL 21 7 e 4 il FA R
{583 B T wn i A PR P T RO T, I FLIE AT DA A i R SR R A B e 3h A7k, RIS R R
JTIEG R TR AT YT, RILH PR 0 = BB I7 340

100- = SN-IR806/CB
== SN-IR806/CB+NIR
3 80
2 60-
=
g 40
8 20
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Figure 7. The Cytotoxicity of SN-IR806/CB and SN-IR806/CB+NIR determined by MTT
& 7. MTT ;&MY SN-IR806/CB #1 SN-IR806/CB+NIR KA H 1%

4, 4Eip
AL B FEEOEHGT) IR806 AT 25K T BR A CB &l 1 3 J& M )97 14 [ A8 K 2459 IR806-
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I TOKETZ) SN-IRB06/CB. %t 7 7K AT 25 RA RUF I EMIRI A E, JLRT 25 45 M e s i 25 S m gk
MR e, BRI RitkEE, BRI ERRIE ] . I EPR MOV E AR BRI ALE L A
AEREA SR, AR HOCIREER T, R, RBUh T M T IRE T
FEAEARTTROR, FIRTEIR LM ER T, 407 IR806 REMS A IR TH i H R U B G L, 7= A
JeRIT AR IT IPUMIBERCR, =Ry r sy s R B R Tr RCR . B IR Tl Tk
A 24 SN-IR806/CB 1197 % 1% 7 4K A 24 9y i vt I LR 200K 2500 R B2 8L 10 ) S8

EHEWH

A FE H r B T A S RAERE TR (T E g5 . MS2023040) 37 F .
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