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Recent progress of reactive oxygen species-responsive drug
delivery systems
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Abstract: Excessive reactive oxygen species (ROS) is associated with an array of pathological conditions,
including cancer, diabetes, cardiovascular diseases, and neurodegenerative diseases. However, ROS-responsive
materials have drawn attention in the development of drug delivery systems. There are many types of
ROS-responsive materials explored in drug delivery applications, including sulfur-based responsive polymers,
selenium-based responsive polymers, tellurium-based responsive polymers, oxalate ester-containing polymers,
phenylboronic ester-containing polymers and unsaturated lipids. When integrated with ROS-responsive drug
delivery systems, a photosensitizer is used as a light-sensitive element to generate ROS, mainly singlet oxygen
('0,), which in turn activates the ROS-triggered drug delivery.
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Table 1 Reactive oxygen species (ROS)-responsive materials
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Figure 1 Chemical structures of sulfur-based ROS responsive
polymers based on ROS responsive motifs (the red). a: Poly
(ethylene glycol)-poly(propylene sulfide)-poly(ethylene glycol),
PEG-PPS-PEG; b: Poly(ethylene glycol)-1,2-ethanedithiol-poly
(ethylene glycol), PEG-575EDT-PEG; c: Poly-(1,4-phenyleneacetone
dimethylene thioketal), PPADT
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Figure 2 Chemical structures of selenium-based ROS respon-
sive polymers based on ROS responsive motifs (the red). a:
Poly(ethylene glycol)-polyurethane-Se-polyurethane-poly(ethylene
glycol), PEG-PUSe-PEG; b: Side-chain selenium-containing
amphiphilic poly(ethylene oxide-acrylic acid) block copolymers,
PEO-PAA-Se; c¢: Poly(ethylene glycol)-polyurethane-Se-Se-
polyurethane-poly(ethylene glycol), PEG-PUSeSe-PEG
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WG, Bh A 6 B D7 v D AR AT R RO AR
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Figure 3 Chemical structures of tellurium-based ROS respon-
sive polymers based on ROS responsive motifs (the red). a:
Tellurium-containing hyperbranched polymers (HBPTe1900); b:
Poly(ethylene glycol)-polyurethane-Te-polyurethane-poly(ethylene
glycol), PEG-PUTe-PEG
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Figure 4 Chemical structures of aryl oxalate-containing ROS

responsive polymers based on ROS responsive motifs (the red).

a: Aryl oxalate-containing polymers A (OEP A); b: Aryl oxalate-
containing polymers B (OEP B)

1) 24 B0 T s R T SR 1 B A SRR 11 T SR M
(oxidation-sensitive dextran, Oxi-DEX), ¥ £ il £ %
ok, Oxi-DEX fCRIZE 1 mmol-L™' H,0, ¥4 100
min Z) 4% 80%. FHHEHSE A (ovalbumin, OVA) Oxi-
DEX fChi GEINa8E MHC T B4 HHEURT CD8' T 41 i)
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H IR HCE /2 AE ROS M REORL 51 #2127 i o #E MR VA
Jref, A nGE MHC 1 BFH B CDS' T 41 il i)
S T DA SR R 1 T
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B AETE 2N 70%, RHIRZ 5 34 H,0, 5,
RAW264.7 41 TE [FIFE R E Ox-bCD YN KA R A7 1% %
N 76% 0 BB/ BRI S 00125250500 A1 1000 mg-kg™
Ox-bCD Y4 KHL I H AT IE Jli /) BRAE TS - ¥ Ox-bCD
gykoki. WS 2 IHEMEMAEZ G EEER Ox-
bCD KAL) B16F 10 21 B 122553 51N 4.5%-20.2%
M 69.0%. BEZIEEZER Ox-bCD 44KKi L pH
Wi |8 B-IAAIKG 49 KK (a pH-responsive f-CD material,
Ac-bCD). PLGA gHKbi A 5 g (4 il /s B3 g A=
Kt mEY.

DA 1R i
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BRI
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RT3 5% B B AT () 7 e 58 R A A 4 i 4 KR g 4
G IL, 9KRIAE 50 pmol- L Ho0, #E S8 AL 22 A .
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Figure 5 Chemical structures of phenylboronic ester-containing
ROS responsive polymers based on ROS responsive motifs (the
red). a: Phenylboronic ester-containing polymers F4 (PBEP
F4); b: Phenylboronic ester-containing polymers P5 (PBEP P5)

Ik, PBEP P5 Kk AT ROS W REyd v, 1M
50 pmol-L™" H,0, 5 I8 ¥ 5% (1) H,0, IR FE AT, FTLA
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At — K RIROE 7 I # s BB A A s oE 1
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O, 7 FIHEL N, SCBGHIR O+ 5 ¥ it B4 4
SHER, SHASARIRERET N 10,

BCE JCHIGT ROS Wi B 45 24 #0448 45 24 o i3k N\ LK
PEIR, TEBFFE3E X0 A8 20 23047 R K A G B, BC
EICHGH ROS Wi [N 45 25 0 4k B TR BGR =4 10, 1M
WA B, MR Z9R L. T H o, B OEEh )
BITAER .

'0, fE—FHER G ROS, BERT LERANARM A4, X
AT DA OB IR A o KO, WA R R4 5 2 A 5 XU
REW. ARG .

U 5 A W[ 1,4-bis(2-hydroxyethyl)piperazine
diselenide-containing polymer, PDSe] % = i# il & —
Fft ROS M RL A, FN AT W6 6 8GR nh k477 4 4
(porphyrin derivatives, Por) F1Z§4). 7£ 0] WG RS,
Por /24 10, 'O, ARG IS, BEEABIR, 259
BT LB 5 h RSS9 MIREI 80%, RIAE 50
mW-cm > [URER N, 2t RER Y.

PEG-PUSeSe-PEG (/& 2¢) &5 XU 5 & ¥ 44,
KHENT LS %8 Por JEBFIA DOX B, R
3 Por i) DOX JRHRAELLIGG G DOX %612 M ik
55, # Por YHUNI DOX BRTELLE I 5 DOX 7%
AR, SRR, 2R EE Por YUBGH ™4
'0,, 5li2 DOX .

AN 1 5T 69, 45 2 B O 19§ IR [L-a-phosphatidyl-
choline (egg, chicken), Egg PC]. . vH il A M FE Tk
[1, 2-dioleoyl-sn-glycero-3-phosphocholine, DOPC] #!
Py P 9 R I BHCBRL [1, 2-dilinoleoyl-sn-glycero-3-
phosphocholine, DLPC] (K 6a~c). NGRS H
I AT LR PR R B, 440 'O, IR, LA XU ()
WL 1O, SR, A AN AT IR AR AR 5 i AL
V(R 1), HeR AR BARE K, AT AR A
VLRI B ] 4% RO 45 2 R G R, 2R,
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Figure 6 Chemical structures of unsaturated lipids. a: L-a-
Phosphatidylcholine (egg, chicken, Egg PC); b: 1, 2-Dioleoyl-
sn-glycero-3-phosphocholine (DOPC); c¢: 1,2-Dilinoleoyl-sn-
glycero-3-phosphocholine (DLPC)

Egg PC /& —Fh AN, K L & IR oAk,
BB GIEON R IR AL R AR A 254, 671 nm
WK PL5S mW-em 2IBS 200 s 5, £ 20 min 24
PRI 20%P% . DOPC 255 5 S ANV AN (1 AN A
&M, 1M Egg PC J& RA —/NAMFIE AR, 281
DOPC il # [ flE A4 'O, EALKIIE R Egg PC
£ (B BRAR XS 'O, S HE HEAR AP, DLPC B
PR A U LG 00 ) ST R R, 7 A UL B 4T ) I Y B
'O, SRR R A AN XU AT (4 I H 3 B T S
PEUOL, FH DLPC il 4% 7 %k /\ T AL BRS4L (0T K 4 &
Jig B A0, 3%k SR RS2 B0 R B, T 730 nm (1
50 mW-cm 2 G 10 min, SRS 1 RZGWBIHK
29 10%, AT I AR B I K B 32 R80T
JRERREEZ, AW NIMA S E E i, fetd
SR B A o /N BB FRIKIE S DLPC JE A S, &
BRI R R DLPC JE AR AN 2 B 3176,
AN RS WP B, TS IK B = 1 DLPC iR
AR AT YIRS LA 2 B, RO IR B R B
P A IR . S5 R, b Q8K 8 &
) DLPC IR BRI 25 B ice i EoK, e,
77 '0,, 'O, Efk DLPC fIE AR, M SZELZG
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ZyE IR s, BRI T ST ROS Wi B 4% 40
(9 L o A0 27 B G G BB I o 1 LR LA U T e B 3
R A, R AL, DAL T
JEBORE R G, o] DA SR BOT RS AR, P
DA Gl OE="R23h AN V=2 S oY o2 il P IR Tg L
LA, BIDROGEIGRH DL 5 8 25 & B IR IR L, PR
il 5% G TR . A G I AR, Z5WREa, SR I
YV B A8 A 5B,

HPPH-lipid (&l 7a) & 6B O A B Il B - 23
WA Ao B AR R I -2- 3 56 -3 g 19 FEL 6t 11
i, FH HPPH-lipid 4 #5354k % & DOX & 1ESA
B Eh 2 S AR, B 658 nm TZ0AME. BL 120
mW-cm 85 3 min 5, £S5 RPN 100%. fEHT
i st rp, A3 AR KA /N RANE 50 R4 EkatTe,
FETZZ 100%, 1 DOX & 14 B H 2 m B T 51 44
JBJE 100 K/NERAFIERIBYEFFE 75%. LR,
DOX ¥ P48 I 56 0 B g R A V6 97 380U B %

Figure 7 Chemical structures of porphyrin-phospholipid. a:
2-[1-Hexyloxyethyl]-2-devinyl pyropheophorbide-a-phospholipid,
HPPH-lipid; b: sn-1-Palmitoyl sn-2-pyropheophorbide phosphta-
tidylcholine, Pyro-lipid

H Pyro-lipid (&l 7b) #il4& T DOX i 1% % I H1 %
i 1S fig 3R A0 N BRI 2R Bh ) st R, 5
ANEr Pyro-lipid 1) DOX i B A&AHLEL, & Pyro-lipid 1Y
DOX Jig J5 s 1 24 4% B AH AL o i Rg S5, 3 25 DOX
Y825 17 RIMRRFE 400 mm®, 5 mg-kg ' FIEH
DOX ¥t P48 H H B 1] 57 g J57 42 0'6 HE ZH. 40 K INF i ygg 4
AT 200 mm®, 7 mg-kg ™' FIE I DOX iHMEE H
FH JE me) )82 i T A G IR ZE IR AR AR B4R 2 R RIS, 7 R
Je IR AR R 2%, 40 KB IR AR AR R WL . Bk4h,

7 mg-kg ' FIEA) DOX FE P E b L IR 5 A O
HAH/NEL 50 RIGAFIEHEN 100%. LKEY], DOX
T 1 AR N I Jo A B Ao ek R B AR, R e
BTG

4 ROS M7 5 H b i 57 BX FA A9 % & 1 [y

£ ROS-pH XU HE Wi 45245 R4, pH M B 2 4]
IS SR 2 R AR TE AR R MR RIE
95 BEAMOA B3 L AT i KT ROSS FRTE pH (4 . I
X —HF AL, WHIEE R —Fh ROS-pH X E M ¥ 45 24
ARG, CHECRWIEBELHE#ES PEG, ROAR
WEE S A IBRRARE N B-BEik. %424 R4HE pH 6.0
(17 10 mmol-L™" H,O, ¥ 2548 i (. % 5% T pH 6.0
A1 7.4 1) 10 mmol- L™ H,O, ¥, £WIZAHARGHE
H,0, FF M BB R. 7ERRE 42 pH 290 6.8, %4
2 ZG1E HepG2 AHMHEHGE T-75 pH 7.4 (HEHY,
RWZLE 25 R GEAE pH 6.8 I FLAT 5 4 A 40 g JB 4.

ROS- ik & X0 1) . 45 245 7 40 1) FH i o8 20 21U
FELLIEH AR s . ROS 7K F B8 f (R oA 15 s i 24
PR . ROS-IFE XU W N, = #R Bt SR &4 poly
[(propylenesulfide)-block-( N,N-dimethylacrylamide)-
block-(N-isopropylacrylamide)](PPS-b-PDMA-b-
PNIPAAM) M\ = i 38 i 2144 Py 36 FE B T2 R K e it
5 ROS R 3L A/ A SEEL 25 MR 4N 25 C
If, PPS-b-PDMA-b-PNIPAAM [ 43S H; 37 C
i, T T PNIPAAM (RARIG FLia e s, IRK
MR T AR R KBRS . PPS-b-PDMA-b-PNIPAAM
ARG B AR 4 K ROS Wi LR JL 259 i 1 F
HIEF 4 PPS-b-PDMA-b-PNIPAAM /K EEJIRTE 500
mmol-L™" H,0, # 64 h ABH5E 4, #F 100 mmol- L™
H,0, FRETHARIEE] 75%. #K Ykl PPS-b-PDMA-
b-PNIPAAM 7K ¥ JIZ B8 A8 ¢ O B b 78 /N B A4 9 48 ¢
14 KM,

ROS-Fifg U EE M [ £5 24 32 G A5 [ g A 9 e e 2L
BT R RS o A8, RO'S - 0 2 1] 57 Fg 95 27 1
B2 Yo v A BR R A%, BLEE HaO, e LR i
%% (prodrug, PD), PD /& LR ER Bk 22 s 5 4
JESE HAS (matrix metallop-roteinases, MMP) Il 7.

RYoE K4 H MMP JIKJEY) (GPLGLAG GERDG)
W AERIEF IR, o BE AR ) MMP IR
KW, [FIEE, ROS Wi f) <0 B e de T 24, 7%
i MMP 40177 MG A MMP 305 504 F T 28 9 5
i gL,

ROS-34 Ji7 XU 1 )37 25 24 2 48 B A S Ak i B A ik
JER W S FRFAE o B, AU R AR ROS-IEJR
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XE MMM 0.01% HyO, BEAE S XU 5 &7 A N
R, 0.01% 5 BEH K (GSH) B A5 XU 3R & ik
JFONAR R, R, #2 FH9 B () PEG-PUSeSe-PEG
IR AR AEAR IR B 1) H,0, A1 GSH 3R35 R AR g Bk B i
2.

XUE ROS M B 28 A4 250Ul 56 A 40 B X HyO,s
'O, I ROS Wi R 45 . 7F 0.01% H,0, 33~ PEG-
PUSeSe-PEG (Kl 2¢) KIRAERE E AR, 2V
Ji¥ . ¥ PEG-PUSeSe-PEG il % %4k Por J& B DOX
R, 4RSI Por JEffFI AT 5142 DOX g,

5 mESRE

EVF 2 0% R #AF(E ROS I F L. ROS /K
Pt E IR . R, ROS M 3R AR TE VF 2 9500 o2&
HA WM HE M. ROS Wi # /& 28 H T 5 i &
R, AR b 2 LU ORI R 0 A 28 ROS Hifk (n
75 B R TR 2 B ROS MM EAK . KRS 2 R
ROS M B # AR AT S i R A4 ROS W N 4AK) 615 B
TEWDG AT FERY B o

BN 2 B ROS M B2 25 AR AN B A B E ROS
Wi 87, 3 LA AR A — 3 500 e i . (R,
XU 2 B ROS Wi N4 442 HAG 7 71 ROS i B
E2RENS

B AN AN i S5t ROS M B 2% AR XS 'O, M 82, Sl B
FEA O, EA AR, R YIRS, R
LA IS BT A 22 S G A, DRI, AN LA IS B
ROS M . 4 s B 3k 4 15 25 S AC IS R ik B REGRII
e RS KAEH LB E P e B R E B MAE,
B KIS K NI 20 AN i, H4BERE s, T H
WK MAK AT 2T AM e H B E R H Rl (HR R
WREARBRME, R ARG kR, T AR AR 4
4, R K IDGTIEBIE.

ROS Wi .45 24 2 Ge 4E VF 2 9509 1) 2 Wi AR T T
BAERMRS, 75840 SR 3G (150 H AL 35 58
NEFE. I, X ROS Wi M43 245 RE R — ST
IRFFLE, %FVEE ROS W45 25 R G IR IR 15 2
{1 . FH AR K8 /1, RO'S M. 45 245 2% 40t 1 A SRk 7K 4
R I PR = 27 R FH 7 1H
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