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Table 1

Peroxide-based oxygen source material and its oxygen release mechanism
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Schematic diagram of the preparation process for the
GelMA hydrogel loaded with CPOs and cells
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H,O, oxygen-releasing microspheres prepared by

electrospray method
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encapsulated oxygen microbubbles

3 EBEMHHEA

TSR A2 W DR o N T BOR Bz L 3R 2
G T RSB R — SE BRI R T R T e R
SRR TR AR O 0 T A A TR A AR R
B =AM 5

x2 MABRESEDMBIEERERENA
Table 2 Properties and applications of some oxygen-releasing biomaterials

BRI R IK R FEfE B3

CPO @M R GeMak iR iSRS 5% CALANITFE e 1R
CPO i g e

CPO L8 T 3D 41 K B e T IR 7 IR A ) 3 D A 90 176 41 B 1

DL PVP— HLO, MM A B LIt AL R FLRE I3 2% 19 90 £ 5 800 T 20 10 7 0 25 J% i 1
o, MBI Y AL 17 R PR

TR AR SRR T A S A A R A R R

PVP—H,0, N#% ,PLGA N 7%, LI 5 1 i

O LA ALY

P B B S A 3, b i R S R IR T T T e 5 R B A

PFC PFC A B 78 M 2 A B gl K Bk

TR B I 9 L
L2 8 1 B TR — 76 4 W e L B
i BT U AR e

it

HARIRIE PR R IR S YA

0 A T A 3
S A8 T

¥

Il

pH i Rz 1, 1 1 P 45 T S R AR R




FrORE

2021

3.1 BHEemEET

Jai R AT A — B ER X8 1 e 2 Y A R0R
I7 072, R B AT RE W ) AR 1 2H SRR A i 2 4
B4R, TE D 1 TR B e v B AR AU L L 32 B
i AN R =W W N S i ol N N =R R
WA TR 5 EAE L E LT ASA
HEed HEh 10 RK, fg 6% 38 o 52 kA0 13
HEA S Y F 5 0T HoA, X5 153 A A AR
JHIEA WL . Jay 3 A7 B AR IR 0 ) 7 &, 5 22
T 103 1457 S8 1 B T3 20 S B vy TR T 4R, R R B T IE
J— 7 B AR e R RE A RIS B R Y
B DRI RS SR R 1) 4t 4 D7 20T ) 38 407 AR 97 380
W . H TR T MRS A 3815 FDA i
B P i, Granulox & —Ff FDA it i bl 9 FH T30 97
P VE A3 11 0% 100 £L 28 18 R T R ORISR, HC RE A Ok
S A AN FE R GE 72 h I R UE HE R B Granulox fig
O SHORE PR SR AL S . Oxyzyme
S — ) 2 R W AT I A o AR Ak S A A
VR SR K BE I OB, Oxyzyme BORLE 3 A
TR 972 M A A s R BF 5. CPO BRF R IR £
B SR BT CPO il 285 19 Ja 38 8007 M B A Y
e RF 22 1], Chandra 88 N & 3T 17— F J A7 B ik
SR B R R, W H O g A R, A B I
JZ VER T CPO /Y PCLJZ il )2 AR S & 0 i
J2 BRI [A) k48 b, X A MOk AT TR YT 2R
P PE A T (BB B DA AR AR A o SRR Y
Jry 8T T i R A I PR L i 2SI AR B A Ak
ERZIEZEE

3.2 HLATIREHSK

b 2 B A B9 i 7 o R A0 4 4 T A T RE
55 20 2L R A O B0 S B ) R 2 — JE 78 AR A AR A
JOL, 3 R R 4R AT LA i A i A 3 BT R 5 R i A
B AR A B R RS Tk T S A O
HAVRIE B IR A AN IR . B A R
— > HE 0 N R A Y A SR A A R
A GRS A I A BT I A T AL R ST AT
T, RSV AR M. O A il s 5 —E 1Y
S I, ST T 2 20 TR A R AU bE R 2R AR AL, B
AW —BZR AT 10K, BAMKEHATX
FRA PR TREM MG , (15 B i L A5 RS A R
AT R AR R B AL AU B AR AR A
A LM RE 1. Touri 8 N HTEIH 60% 1Y

HA F140% 1 8-T CP 2H B SURH 85 R 45 22 L S48,
SRIG AL 3% 9 CPO ) PCL 73 fise 48 04 78 31 1%
20 F SRR B T K 10 K 0 5 G T Bk b
BB R AT PR AN R R SRR S 64
Jo AR B AR AT ) 5 el 0T B RO R T .
Laurencin 55 N R HH AL M HE M & L k6 & T
PLGA/CPO 3K , 3744 Tl sk be 45 il = 4k 2 £l 3 42,
3 L /N BRI 53 RS i defe 5 45 80 P Ak L 7 412 1 45 Ak
B AR D5 T R BE T, 8 J IS 1 A 4 i T 2 Ml i RS #
BEJTT NS, P A 40 6 ) 7 355 2R R AR T R, R AR
ZR (1 B [ 4 P i 45 0l A B A R T e

A 20 TR 0 A PR AR B Y — R AR AT BT ik
Mogms  LvENSY T LT —Fh T4 EN/fA
/B /CPO I B UL, 12 B5 8 4 isf [i) 7 g 2
JE), {685 FH B T8 B I sl ) B R R 56 I R A R X R B R
FREEDIRE , 5 A& CPO BEAH I, & CPO Btk 2 2 3%
TG LA I A KRG, CPO AR 2F T s
e B A0 AL IR SR T B
3.3 MELEIATT

] 2 S0 T 0 38 2 O B AT B 4
S, 08 AR O R 0 R A KL H T R 40 A
A KRR T R YRR, 5 SO M R A A
A4 AR LY E R A B 0T R AR T TR L A7 M X
2 fih 2 e ALK 2 1 G g2 0 A R A e T 2 4
e i, DT R A T AR 25 0 0 A T R, T
b A g 0 4 R B o IR R T A RLE . E BT
(i RE VR T SR W T 63 1R YT (PDT) J& — Rl i
= AKX I, Y 4 B AR T 40 mmHg B,
PDT 2% 43 b 35 B AR, H R 2 850 Mg v 480 43 Rl
il F 15 mmHg ™, @ i B AR & ] LI PDT 1Y
S, Huf NG T 5 & B (—Fiok 8GR
LB 35 B 5T R (HA) |, 38 i [ 40256 00 7 06 2 3
C b (PFH) T HA W, JF & 17— Fl 88 ) Bl R
b RO M A A HE S 2 T a8 ok R
(PFH@HA) , PEFH@HA 4 >k §5i k7 7 il 83 o #2 fg £
F 38 o SR T R N R O IE A, PFH@ HSC fg
3 0 IV A ok R A i P S B4R B 2R O R R
GG BRI Z Y B LA IR, o] DL 2R
fife g = 40, T8¢ = PDT 7 2. ¥ PFH@HA
i Sk A /I B e S TR K P e TR R B DA 45 24 T £
104 mm® i 2 B A% 2] 3K 55 01 45 A B (14 K ) Y 62

mm?®.



£ 15% Ho5M

R F e < S 428 )RR R A ) B RLAT 90 0 579

4 & iE

U JUAE K, 6 B S A W bk ek 1) 0F 9 A I 35 04
T, VE 2 B R R TT & R B SRR R TR A W B A
AR 11 O FH T ROk Rz . BRI A BT
AR A RS AR E R, L 5T EE A N DA BT
FARR I T & 30 48 vey HL 22 2 Pkt g R4 o R S B H
A E I A b R R X R A 4 R M R OR
T TR BRI G | J5 0 A0SO B A ) TR Y RS
M. R B K R R (PCL 80 PLGA) 35 3 4
U5, T DAA R0HE K SR B AR S ) i) (F B 0 Rk
AR R E AR R E LR ek, b
A BRI 2 A VAT T 0 S AR R ORI DR 1
FEREE . HPCEAR (PUIR MR ) (B Gl A&
fiff ) 5 3% T A (ROS) W B MR k57 45, A
BE KR A 0 SR S A A R R R SRR 40 i
BT

T, B R YA R HE AR B B, AR R
PR B HAK MBS Tr ) K A5 M fa . 2 Vi
S T v R SRR 2R IR R S R T
TR SR A RURE TR W) 7 vk 5 s i — B R R T 2R Y
PEMASERY LS B o G B i IR T R G Bt —
A F T L R AR I, 5610 B E 3 A I IR 25 2% 1
R ER &

e EE

[1] WILLIAMS D F. Challenges with the development of
biomaterials for sustainable tissue engineering, Front
[J]. Bioeng Biotechnol, 2019(7) :127.

[2] CAMCI-UNAL G, ALEMDAR N, ANNABI N, et
al. Oxygen-releasing biomaterials for tissue engineering
[J]. Polym Int, 2013, 62:843-848.

[3] AGARWAL T, KAZEMI S, COSTANTINI M, et
al. Oxygen releasing materials: Towards addressing the
hypoxia-related issues in tissue engineering [J]. Mater
Sci Eng C Mater Biol Appl, 2021, 122:111896.

[4] CHOUDHURY R. Hypoxia and hyperbaric oxygen
therapy: A review [J]. Int J Gen Med, 2018, 11:
431-442.

[5] CHEN W, LIANG X, NONG Z, et al. The multiple
applications and possible mechanisms of the hyperbaric
oxygenation therapy [J]. Med Chem (Los. Angeles) ,
2019, 15:459-471.

[6] ALAYASH A J B.
substitutes and the treatment of sickle cell disease: more
harm than help[J]. Biomolecules, 2017, 7:2.

[7] WILLEMEN NGA, HASSAN S, GURIAN M, et al.

Oxygen-releasing biomaterials: Current challenges and

Hemoglobin-based  blood

future applications [J]. Trends Biotechnol, 2021, 16:
S0167-7799(21)00013-5.

[8] SEEKELL R P, LOCK A T, PENG Y, et al. Oxygen
delivery using engineered microparticles [J]. Proc Natl
Acad Sci, 2016, 113:12380-12385.

[9] CHANDRA P K, ROSS C L, SMITH L C, et al.
Peroxide-based oxygen generating topical wound
dressing for enhancing healing of dermal wounds [J].
Wound Repair and Regeneration, 2015, 23: 830-841.

[10] STEG H, BUIZER A T, WOUDSTRA W, et al.
Control of oxygen release from peroxides using
polymers [J]. J Mater Sci Mater Med, 2015, 26:207.

[11] ERDEM A, DARABI M A, NASIRI R, et al. 3D
bioprinting  of  oxygenated  cell-laden  gelatin
methacryloyl constructs [J]. Adv Healthc Mater, 2020
(9): el901794.

[12] PATIL P S, FOUNTAS-DAVIS N, HUANG H, et
al. Fluorinated methacrylamide chitosan hydrogels
enhance collagen synthesis in wound healing through in
creased oxygen availability [J]. Acta Biomater, 2016,
36: 164-174.

[13] WANG H, ZHAO Y, LI T, et al. Properties of
calcium peroxide for release of hydrogen peroxide and
oxygen: a kinetics study [J]. Chem Eng J, 2016, 303:
450-457.

[14] SUVARNAPATHAKI S, WU X, LANTIGUA D,
et al. Breathing life into engineered tissues using
oxygen-releasing biomaterials [J]. NPG Asia Mater,
2019(11): 1-18.

[15] WAITE A J, BONNER J S, AUTENRIETH R.
Kinetics and stoichiometry of oxygen release from solid
peroxides [J]. Environ Eng Sci, 1999, 16: 187-199.

[16] ABDI ST H, NG S M, LIM J O. An enzyme-
modulated  oxygen-producing  microsystem  for
regenerative therapeutics [J]. International Journal of
Pharmaceutics, 2011, 409: 203-205

[17] ROUWKEMA J, KHADEMHOSSEINI A J T.
Vascularization and angiogenesis in tissue engineering:

networks [J]. Trends
Biotechnology, 2016, 34:733-745.

[18] ALEMDAR N, LEIJTEN J, CAMCI-UNAL G, et

al. Oxygen-generating photo-cross-linkable hydrogels

beyond creating static



580 L2 5 MM 2021
support cardiac progenitor cell survival by reducing scaffolds for tissue engineering applications [J].
hypoxia-induced necrosis [J]. ACS Biomater Sci Eng, Polymers (Basel), 2020(12):1233.

2017(11): 1964-1971. [31] FAN Z, XU Z, NIU H, et al. An injectable oxygen

[19] PARK S, PARK K M. Hyperbaric oxygen- release system to augment cell survival and promote
generating hydrogels [J]. Biomaterials, 2018, 182: cardiac repair following myocardial infarction [J]. Sci
234-244 Rep, 2018(8):1371.

[20] LIZ, GUO X, GUAN J. An oxygen release system [32] MORAIS A I, WANG X, VIEIRA E G, et al.
to augment cardiac progenitor cell survival and Electrospraying oxygen-generating microparticles for
differentiation ~ under  hypoxic  condition  [J]. tissue engineering applications [J]. Int J Nanomedicine,
Biomaterials, 2012, 33: 5914-23. 2020,15:1173-1186

(217 sk ok, X0 #E g, BRAE A, % A B s [33] KHORSHIDI S, KARKHANEH A, BONAKDAR
PAMPSNa-V4f 3% g 51 52 & /K BEIR PERE RO IR 9E [T ] . A1 S. Fabrication of amine-decorated nonspherical
BHFSE 50, 2016, 10:246-250. microparticles with calcium peroxide cargo for

[22] KANGJ I, PARK K M, PARK K D. Oxygen- controlled release of oxygen [J]. J Biomed Mater Res
generating alginate hydrogels as a bioactive acellular A, 2020,108:136-147.
matrix for facilitating wound healing [J]. Journal of [34] SHIEKH P A, SINGH A, KUMAR A. Oxygen-
Industrial and Engineering Chemistry, 2019, 69: releasing antioxidant cryogel scaffolds with sustained
397-404 oxygen delivery for tissue engineering applications[J].

[23] CHEN H, CHENG Y, TIAN J, et al. Dissolved ACS Appl Mater Interfaces, 2018(10): 18458-18469.
oxygen from microalgae-gel patch promotes chronic [35] MOZZARELLI A, RONDA L, FAGGIANO S, et
wound healing in diabetes [ J]. Science Advances, 2020 al. Haemoglobin-based oxygen carriers: Research and
(6): eabad311. reality towards an alternative to blood transfusions [J].

[24] HARRISON B S, EBERLI D, LEE S J, et al. Blood Transfus, 2010(8) :s59-s68.

Oxygen producing biomaterials fortissue regeneration [36] PEDRAZA E, CORONEL M M, FRAKER C A, et
[J]. Biomaterials, 2007, 28 : 4628-4634. al. Preventing hypoxia-induced cell death in beta cells

[25] LV X, L1Z, CHEN S, et al. Structural and functional and islets via hydrolytically activated,
evaluation of oxygenating keratin/silk fibroin scaffold oxygengenerating biomaterialss [ J]. Proceedings of the
and initial assessment of theirpotential for urethral National Academy of Sciences, 2012, 109: 4245-4250.
tissue engineering[ J]. Biomaterials, 2016, 84: 99-110. [37] ROE D F, GIBBINS B L, LADIZINSKY D A.

[26] NG S M, CHOI J Y, HAN H S, et al. Novel Topical dissolved oxygen penetrates skin: Model and
microencapsulation of potential drugs with low method [J].J Surg Res, 2010, 159: e29- e36
molecular ~ weight  and ~ high  hydrophilicity: [38] CHAE S Y, KIM S W, BAE Y H, The effect of
Hydrogenperoxide as a candidate compound [J]. Int J crosslinked hemoglobin on functionality and viability of
Pharm, 2010, 384: 120-127 microencapsulated pancreatic islets [J]. Tissue Eng,

[27] MALLEPALLY R R, PARRISH C C, MCHUGH M 2002(8):379-394
A, et al. Hydrogen peroxide filled poly (methyl [39] PACIELLO A, AMALFITANO G, GARZIANO A,
methacrylate) microcapsules: Potential oxygen delivery et al. Hemoglobin-conjugated gelatin microsphere as a
materials [J]. Int J Pharm, 2014, 475: 130-137. smart oxygen releasing biomaterial [J]. Adv Healthc

[28] STEG H, BUIZER A T, WOUDSTRA W, et al. Mater,2016(5) : 2655-2666.

Oxygen-releasing  poly  (trimethylene  carbonate) [40] LIU X, JANSMANM M T, THULSTRUP P W, et
microspheres for tissue engineering applications [J]. al. Low-fouling electrosprayed hemoglobin
Polym Adv Technol, 2017, 28: 1252-1257. nanoparticles with antioxidant protection as promising

[29] GARG K, BOWLIN G L. Electrospinning jets and oxygen carriers [J]. Macromol Biosc, 2020, 20:
nanofibrous structures [ J].Biomicrofluidics, 2011(5) : 1900293.

13403-13403. [41] CASTRO C I, BRICENO J C. Perfluorocarbon-

[30] ABUDULA T, GAUTHAMAN K, HAMMAD A based oxygen carriers: Review of products and trials

H, et al. Oxygen-releasing antibacterial nanofibrous

[J]. Artificial Organs, 2010, 34: 622-634.



£ 15% Ho5M

R F e < S 428 )RR R A ) B RLAT 90 0 581

[42]

[44]

[45]

[46]

[47]

[48]

[49]

[51]

[52]

GOLD M H, NESTOR M S. A supersaturated
oxygen emulsion for wound care and skin rejuvenation
[J]. J Drugs Dermatol, 2020, 19: 250-253

WANG S, YIN C, HAN X, et al. Improved healing
of diabetic foot ulcer upon oxygenation therapeutics
through oxygen-loading nanoperfluorocarbon triggered
by radial extracorporeal shock wave [J]. Oxid Med
Cell Longev, 2019, 14:5738368.

JALANI G, JEYACHANDRAN D, BERTRAM
CHURCH R, et al

Graphene oxide-stabilized

perfluorocarbon emulsions for controlled
delivery [J]. Nanoscale, 2017(9):10161-10166.
PRATO M, MAGNETTO C, JOSE J, et al. 2H,

New

oxygen

3H-decafluoropentane-based nanodroplets:
perspectives for oxygen delivery to hypoxic cutaneous
tissues [J]. PLOS One, 2015(10): e0119769.
KHATTAK S F, CHIN K, BHATIA S R, et al.
Enhancing oxygen tension and cellular function in
alginate cell encapsulation devices through the use of
perfluorocarbons [J]. Biotechnol Bioeng, 2007, 96:
156-166.

LIU Y, MIYOSHI H, NAKAMURA M.
Encapsulated ultrasound microbubbles: Therapeutic
application in drug/gene delivery [J]. J Control
Release, 2006, 114:89-99.

SAYADIL R, BANYARD D A, ZIEGLER M E, et
al. Topical oxygen therapy & micro/nanobubbles: A
new modality for tissue oxygen delivery [J]. Int
Wound J, 2018, 15: 363-374.

EISENBREY J R, ALBALA L., KRAMER M R, et
al. Development of an ultrasound sensitive oxygen
carrier for oxygen delivery to hypoxic tissue [J]. Int J
Pharm, 2015, 478: 361-367.

THOMSON L M, POLIZZOTTI B D,
MCGOWAN F X, et al. Manufacture of concentrated,
lipid-based oxygen microbubble emulsions by high
shear homogenization and serial concentration [J]. J
Vis Exp, 2014, 87:e51467.

MATSUKI N, ISHIKAWA T, ICHIBA S, et al.
Oxygen supersaturated  fluid fine  micro/
nanobubbles [J]. Int J Nanomedicine, 2014(9) : 4495-
4505.

PENG Y, SEEKELL

Interfacial

using

R P, COLE A R,

stable

et al.

nanoprecipitation  toward and
responsive microbubbles and their use as a resuscitative
fluid [J]. Angew Chem Int Ed, 2018, 57: 1271-1276

MOEN I, UGLAND H, STROMBERG N, et al.

[57]

[59]

[61]

[63]

[64]

Development of a novel in situ gelling skin dressing:
Delivering high levels of dissolved oxygen at pH 5.5
[J]. Health Sci Rep, 2018(1): e57.

THOMSON L M, POLIZZOTTI B D,
MCGOWAN F X, et al. Manufacture of concentrated,
lipid-based oxygen microbubble emulsions by high
shear homogenization and serial concentration [J]. J
Vis Exp, 2014, 87:e51467-e51467.

ALEMDAR N, Oxygen-generating photocrosslinkable

hydrogel [J]. Methods Mol Biol, 2018, 1771:
241-250.

ERDEM A, DARABI M A, NASIRI R, et al. 3D
bioprinting  of  oxygenated  cell-laden  gelatin

methacryloyl constructs [J]. Adv Healthc Mater, 2020
(9):e1901794.
GUAN Y, NIU H,

Photoluminescent

DANG Y, et al
oxygen-release microspheres to
image the oxygen release process in vivo [J]. Acta
Biomater, 2020,115: 333-342.

ZHOU Z, ZHANG B, WANG H, et al. Two-stage
oxygen delivery for enhanced radiotherapy by
perfluorocarbon nanoparticles [J]. Theranostics, 2018
(8): 4898-4911.

LIU G, WU Q, DWIVEDI P, et al. Hemoglobin-
laden microcapsules for simulating oxygen dynamics of
biological tissue [J]. ACS Biomater Sci Eng, 2018
(4):3177-3184.

SONG R, PENG S, LIN Q, et al. pH-responsive
oxygen nanobubbles for spontaneous oxygen delivery in
hypoxic tumors [J]. Langmuir, 2019, 35: 10166-
10172.

NATARAJ M, MAIYA A G, KARKADA G, et al.
Application of topical oxygen therapy in healing
dynamics of diabetic foot ulcers—A systematic review
[J]. Rev Diabet Stud, 2019, 15: 74-82.

LOH C, TANQY, ENG D L K, et al. Granulox—
The use of topical hemoglobin to aid wound healing: A
literature review and case series from singapore [J]. Int
J Low Extrem Wounds, 2021 20: 88-97.

MOFFATT C, STANTON J, MURRAY S, et al.
A randomised trial to compare the performance of
Oxyzyme® and Iodozyme® with standard care in the
treatment of patients with venous and mixed venous/
arterial ulceration [J]. Wound Medicine, 2014 (6) :
1-10.

CHANDRA P K, ROSS C L., SMITH L C, et al.
Peroxide-based oxygen generating

topical wound



582 MoB o o x® 5 N OH 2021

dressing for enhancing healing of dermal wounds [J]. not photodynamic, therapy using a nanostructured
Wound Repairand Regeneration, 2015, 23: 830-841 porphyrin assembly [J]. Acs Nano, 2013(7) : e2541-
[65] TOURIM, MOZTARZADEH F, OSMAN N A A, €2550.
et al. Oxygen-releasing scaffolds for accelerated bone [69] HU D R, ZHONG L, WANG M, et al
regeneration [J]. ACS Biomater Sci Eng, 2020 (6) : Pefluorocarbon-loaded and redox-activatable
2985-2994. photosensitizing agent with oxygen supply for
[66] DANESHMANDI L, LAURENCIN Cc T. enhancement of fluorescence/ photoacoustic imaging
Regenerative engineered vascularized bone mediated by guided tumor photodynamic therapy [J]. Advanced
calcium peroxide [J]. J Biomed Mater Res Part A, Functional Materials, 2019, 29: 180619
2020, 108: 1045-1057. [70] GAO S, WANG G, QIN Z, et al. Oxygen-generating
[67] KWAN J J, KAYA M, BORDEN M A, et al. hybrid  nanoparticles  to  enhance  fluorescent/
Theranostic oxygen delivery using ultrasound and photoacoustic/ultrasound  imaging  guided  tumor
microbubbles [ J]. Theranostics, 2012(2): 1174-1184. photodynamic therapy [J]. Biomaterials, 2017, 112:
[68] JINCS, LOVELL J F, CHEN J, et al. Ablation of 324e335.

hypoxic tumors with doseequivalent photothermal, but

Progress of the controlled oxygen-release biomaterials

LIU Qunfeng
(School of Automotive Engineering of Foshan Polytechnic, Foshan 528137, China)

Abstract: Hypoxia will cause cell death and tissue necrosis. Preventing cell hypoxia is one of the key issues
affecting cell survival and engineering tissue implantation. The oxygen-releasing materials can provide
oxygen support for cells and tissues, have shown great potential in tissue engineering and regenerative
therapy, and are becoming an important biomaterial. In recent years, the oxygen-releasing materials have
been developed rapidly under the efforts of many researchers. We summarized the latest progress in this field
in this paper. We systematically summarized the progress of two kinds of oxygen releasing materials,
oxygen-generating materials and oxygen-carrying materials. We discussed the manufacturing methods of the
oxygen-releasing materials, the ways of oxygen transfer and oxygen release performance, and discussed the
application of oxygen releasing materials in tissue engineering application, supporting ischemic tissue and
tumor hypoxia. The key to the application of oxygen-releasing materials is the long-term controlled release
of oxygen. So in this paper, we focuses on the construction and continuous oxygen release performance of
controlled release systems such as peroxide, enzyme catalytic system, hemoglobin, perfluorocarbon and
micro/nano bubbles. The problems and challenges in the research of the oxygen-releasing materials are also
pointed out, and the development of related research in the future is prospected.
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