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Research progress of oxygen-releasing biomaterials for tissue engineering
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[Abstract] Some degree of localized hypoxia can cause varying degrees of cellular damage in tissues. Oxygen-releasing biomaterials
can sustainably provide oxygen to transplanted cells. In recent years, extensive research efforts have been dedicated to developing more
pratical oxygen-releasing biomaterials and systems to enhance oxygen delivery in vivo and ensure effective oxygen supply to implanted
tissues. Based on the form of oxygen provision, these materials can be calssified into oxygen-carrying materials and oxygen-producing
materials. The former deliver therapeutic oxygenation by binding oxygen molecules under specific conditions, while the latter
incorporate oxygen source materials into polymers, achieving oxygen release through in vivo hydrolysis. This paper summarizes the
current development of oxygen-carrying materials and oxygen-producing materials, including oxygen source supply, loading materials,
and controlled release. It discusses practical application of oxygen-releasing biomaterials for oxygen delivery and various strategies for
controlled release.
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i 26 B S A A L T AR R AN AR PN I SRR S R
PR RESCEN R, B AR RHE TE 5
AR A7 B A AT BRI R AT R 57 . AR
73 AT EADRE P S A A RL LR B SR e
TR 3ANT7 TR ALY RS ] T TE T 78 it
JEHAT RGT A

I

HEEM L, WAFR B Coxygen carrier) , N
MR E 26 TR SRS T4 &, B HETAD
S 9 /I 0 B T v 8 2 A T 5 ST 38 OB TR HY 4
o R EA L SIS B, LSRR R IR
FHIT7E TE S50k B A B A5 B 07 S8 28 T 1AL
£ 1 (hemoglobin, Hb) ] %8 #X 44 (hemoglobin - based
oxygen carrier, HBOC) Al 4= 5 1t % (perfluorinated
compound, PFC)H AR .

1.1 HBOC

HBOC J& — it LA R S8 Hb 1 Ay 485 7 S80S 0 40
P AR R A BEAE S I AV A8 1 1) TG 48 i
W IR FF A 2 &0, T HBEW 5 R & AR 7 B 25
B IR AR, daf B AL SOR TR BN K R 3k . e
TAZ IS T, £ F HBOC HUJsi itk fe /)N, [
RE i O PR T ) AR
L1l &FHAR

20 22T 504K, To4i i Hb A& H el
FEFLBRAAS BB, (ESLH R IR, Hb ZEDB PR 2R 4t b
B I TR R, JF HRd e N B2 SR Go A B TS B A
AL . Hb MR & 5 ) — RART AT LIS
H B IS P R B R R —E A (nitric oxide,
NOY, PSRN . BE5E, 2, 3- “ R H R (2, 3-
diphosphoglycerate, 2, 3-DPG) 2§ 3 Hb 15855 1 /)
RO TN, S T Ak A 8 B AT 1 I
112 L5545 HBOC 35

LY B AT 50 R 3% 30 95 7K 4 12 6 A Hb, 72 A
Hb [ P A oMV 3k 2 TR] T B 231 N A2 3R A 1 17 38 Y
AR 5RAZHL Hb M5 B I 8] (<6 A L, 1%
77 it FRV R A5 B I 8 538 12 he {ELER T 5038 Hb /)
S IRBRARAEAR LI R 77T B 5 AR B KO EE AT
BB T, TR 5 82 S F ROR b
1.1.3 #%X X HBOC # %4

H T4 B 22 A HBOC P40 f) 480 7 48 i
BRE ST AE BLAR, [R] I AN T A0 D s Bk Hb i R
Lo ML R THRE XU R, H T, 53— FATHIBT
F 7 1)K HBOC 3 R E & Ml oK BdA v, LARE

B DI UL, Hb 75 2040 o i R B RS . i &
TR, AR 7 R R B PRI TS, R 1Y
W FE I I 25 03351 6 BOR K Hb 3372 ROK 9K
RURE e, BERS OR3P Hb %032 L5 5 B 5200, AT 189
TGN a], 25 365 4 2 ZURN 28 B R RFSE AT

Il PR b ST 7 “Ra IR BT 447 (stealth liposome)
iR, 5 2 B (polyethylene glycol, PEG) X fIig Jit
KL (ELAE 100~200 nm) BEAT R DI HEAL , LAY
SR i A7 A E P, B L IR A i PR £ B, 3 AR
T AEF B N R
114 VAHb A AAEAK A T it

Tomita 5538 3 15 FH ou- 38 AT MV 1% - - 5 SR i A
i A2 R N L3 F 8 H (human serum albumin,
HSA) 5 Hb K [H I Z IR 45 & B HSA Rt 2R -34
B TR T A% -FERAE R . 1K B Hb-HSA FRFEAK T R
TEE BRSNS (1 AR, S e 7 a3 A g T T RE K A%
FAIS B] o eIt IE 6 IX LS Hb-HSA 58 40K % 1)
BB, F T A AT 0 A0 K RIURL B R\ B
HSA H PAfRY Hb.
1.2 PFC

PFC g Kig 2 A W i, HAb =P+
SrREE, RPIUIL RS e BA LR s A Re
AT AHRAPGEA S . (HR2 H T PRC RA iR
KM, B TR 51N FU A R AT 3 A 1) AL
W SRR AR S AL S EEY . 19674, Lowe
SRR AR 1S E & E (bovine serum albumin,
BSADKt PFC AE/K H FL AL, FEAE 129 AR R BRI Hh E v
Do XMFLACAER REAEE RS H A H PFCAEN
SRR TIER, RO T — M R IKIE I E
FEP I AN 7T 1

2015 4F Culp 25" F F -+ Z 50U bE AL (dodeca-
fluoropentane emulsion, DDFPe) 48 K ¥ 3% il i 1 —
TR SR () SR 18 R 1, A2 T 5 R U A A o A Y
H, R 8 ) il I 1 i 2H 23 42 Ik 24 h B IR
T 25 R AR S AR IR, H BT LA R T AT
HToHE b 78 5 B 85 . AU E F DDFPe it
AT 7 MK, DLHA ZE K 20 23 21 935 g 5 3800 57 (tissue
plamnipen activator, tPA) V& ¥ [ I [A] 5 1. 285
X DDFPe 7] DL 22 4 HUKE tPA V5 442 (1B R) B 1 B K 22
Wi 59 he FEAKVAYTE H AN 2 A b B 47
eI bl

PFC FLIRRE W WSO & 0 80 BT 2 H
P MR AR it AEL 2, BT AN I & 75 I (] RF 252
PAEM DL 2017 4F Jalani FE" B T FOB
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PFC % UM% R 4, ¥ 2 % T &l 28 (Perfluorode
calin, PFC) 5 %64t f1 52 /i (graphene oxide, GO) FH 45
5 GOBERIE R, TR MRS E ). FTfSFL
(PFC-GO)RETRUA U8 bU FH HAth 5 P 2 v 457
B FLIRE AR . e HB O 56 2 1)
B PR T L4251 TS 3 DA S S 0 A8 ) T R T
75 IX S FL M 7 B S S T X I AL L AR
RSB, B 23 AR A E 7 1 8

2 FEEEYME

of T 4H 2 TR RO AA) A A, 00 L PR A7 5 A R T 4
SIFE o B LA S AR I R 2 s FEY T (1 ie
v SR, IXAX PR T-7E 2R S 40T 145 100~200 pm P
A oL R L P 55 00 R R A 2 22 SR R A N A TR
M, B8 R FE AN [R], R A AN 8] K P IR SR ZE R

T G, R TE SR R 4~6 5 I
EAAE B R R IE T ORI SR A e B AR
FT, R B S ORI IR o 1) 3 5K e HOPE T, AT
g T HHL B R S A
2.1 AR

T R T DL AR AR R R S, BT B
AR AN AR . AR T B A B IR A A
HEefE TR, N TS REUN . B &z 4%
YsibA R ] A 0 A, 03 i S AL 85 Ccalcium
peroxide, CPO) . I %A £ £ (magnesium dioxide,
MPO) « it 1% FR 84 (sodium percarbonate, SPO) DA Az it
A A (hydrogen peroxide, H0.) B A % . Xf it 44
WA, 55— 20 215 e Ho B 9 HL0,, 1E N
AHTETSRAE o A B, HL0, 3 A U3 e B 432 32 i ARE
JECH,0,, AT 38— 20 = AR S GR D

®1 FERANSEEMBEESS

Table 1 Common oxygen source materials and their characteristics

Oxygen source material Reaction principle Peculiarity
H,0, H\ Nl 2H,0, — 0, + 2H,0 Combined with high molecular weight poly-
0=0 mers and control of oxygen release rate
Ca0,(CPO) /O\ Ca0, + H,0 — Ca(OH)+ H,0, High purity, low solubility and permanent
2H,0, — 0, + 2H,0 release rate.
(0] Ca
MgO,(MPO) /0\ MgO, + H,0 — Mg(OH), + H,0, Release rate is slow, purity and solubility
2H,0, —0, + 2H,0 are low
0O — Mg

(08 0 0y 0
2N32C03'3H202(SPO> \\; \\
Na"[{Na" Na"[Na"
¥
H, H H, JH \\H

Y- Yo—0t No—0°

2Na,CO;5+3H,0, — 3H,0, + 2Na,CO;  High purity, low cost, but the release rate
2H202 - 02 + 2H20

is too fast

22 FRAVMHBERMN L

SRR 3RS 7 SR S ERT R DR A
ML TR I R FS ZH A R U o ) R SR,
T E A 7 A A YRR D SO ] A 4
GHEN B NSNS S I IERE ARSI VRDN
M FEARAIMLIG o N T RO X —BR &, RARFTAAL
7, i A A, BN TR RL, DL
Sl B3 0P aste SR NI 3:0E NG S S e
BB B B ARIBE R T ek K HARE I
2.2.1 & T A& (polycaprolactone, PCL)

HA RS A0 TE 28 2 BoR e s (e 4
SE SR AT B v A ORI S ) B 7KSF . Touri 25
H 60% % 35 % 7K £ Chydroxylapatite , HA) 5 40%
B - B ER =45 (B-tricalcium phosphate, B-TCP) V& & 2
JSC i 25 1 — Fl XURH B 1R 4% (biphasic calcium phos-

phate, BCP)3C 28 . £ =4ESTEII SO L IRA AR LE
BB EGR CPO, Ft IR /8 PCLEE 5 b I T-1E
FENFOL G AR AR AATTIEIRER T AR
SEUREIRAN A . SRR, R PCLIRE 1A
F PR CPO IR JEE AR AL, S8R TR A T 6
B2 R 54 3% CPO [k 2 AR AE VR
A BA L BB S S AETE I ERGE T .
Park %1726 CPO 55 SPO BK& B, il #% 7 &5 H
CPO HISRIE AR BE AL K BT , B K B A PCL-58
LA (polyvinyl alcohol, PV A% AR Fr o, 1 44k
5 A 5 1R S S BB s I 2 R TR SRR T B
IS WA 28 , BT DAAE Jmy 5065 B 7 AR 38 3 v UK
)54 FER MR N e s SRR ik 12 d
M4 he X E K H) 7 TR RE S S L A
J 2 IR S 32 T T 1R 4 I A S A, AT E—
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AU TR BRIV A S AN AL VB ARG L, R 2
FRA B2 N 5 T BA BRI

2021 4F, Suvarnapathaki 2" & H CPO F1 PCL il
TET — PR S 3 S, CPO KR )G 2 B fR AR VAR
AR 9t B S BERRE . AR AN IT T IR AIE Sl
T B CPO I B, REE S I IS A SRR ST A
5% 31 2990 (11 AT WM E AR AL . 2022 4% H B SR
il 75— F = A AL 2SO, H PCL Y FLAK CPO 411
TIORE N [ 5 12 32 28 B A w] T i 2R TR 3 7 5, 7T
PAAR S K 3R GE N A R S 10t 70 2 1 BRI 280
23 AL B A4 A1 20 i 55 57 4k SR AE pH 8~9 HIIAEE R
TREFAINT R E , 1A A S50 U AIE S8 TSR FE IR R
IR R AR T ERAS T 90% DA b FR A
222 RILBR-72 I TR W (poly lactic-co-glycolic
acid, PLGA)

2011 4F, Abdi 557 F i S S A B )V R P
AL PLGA 251, 78 24 {472 1 [F) I (2 32 H,0, 73
fiff o At ATT R I RT DAHE T 48 ) A B HLO, 1 SRR Hh i
6 A Y Y G B2 SR A2 1) S0 SRR T A P A A ) 1%
XUJE G5 Z S8, HoO00 70 il A5 R 5 SR it S CAE
B AT DASE v 0 B AE B I 25 1R T BT

2018 4F, Tapeinos 557 K& 7 — P AL 1y ] [ fi
) PLGA 0K, i3k 1T Y5 25 F (collagen type
I protein, Col [ Y4, &1 T MnO, ZKFKL, 1
9 ROS ¥ R 7 5 2 1 Ha0, A 5 10 S04 B I8 4 i 17
oo SRR, B AL AR W% 55 1 A B ok A
™, DR i SR ER B W] DAORAP A i

2020 4 Hsieh S IETF R 1 —Fhal 48 B &4
%, i#id PLGA (.55 CPO/ MnO. kL. A 4MITF I IIE 55
FEAREA K - S B IR B T, B A Re 8 e 2k 5 Al
HHME . ZE SR REEE RIS,
BEEE A .

223 R H A% (polydimethylsiloxane, PDMS)

Pedraza S5 i 1 — ] & CPO $f R 7E i 7K
P PDMS 14 [ £, &% I PDMS-CPO $5 82 B S K ik
6 il . H> PDMS-CPO JIE 1 g 2 LLKs BAH A A0 K
R B P 240 i Dy e Y A RO ROK P . A
FRAFARLE, FEBR I 2 F N, BEAE PDMS-CPO 5 £ 77 4t
FIBLER, BARI AR HWE I 4EHF T 1 H .

2017 %, Forget %YWt 78 | — Fl LA PDMS Jy 2k
JS, W IR I 78 DL CPO B AL R 3R v At )
FE AR (micro particle, MP) o 4 CPO J& 7F 45 55+
RISV BE G Z A ANZ Z 18] R A R 3R
TH] 078 48 3 2801 20 R 98 A 7K RR P 55 v R TR U

B T SR F IR R BOIE S AT DL A 2K
HhfiE v MING 4 A2 BREE SR AT H A7 2

2.2.4 ¥ AR H B AL K B AL (methacrylic anhydride
gelatin hydrogel, GelMA)

2017 4F Alemdar 257 ¥ 17— 1 BT GeMA
B3 CPO 21 /% 1) 7= S K Bt e o 66 % 76 IR SR 2 A
(1% 0 FREJBUCR B OBIL S d, B AU B L 0 2R
BB 1E CPO-Gel MA 7 it J52 HH At Lo ik 00 48 e 1 4
AU L. 5 A8 F GelMA (1) 7K B ke AH L, 72
GelMA /KEEZ H1#5 N CPO W] i 2 42 4 s 77

Newland 2520 CPO 55 45 ¥4 JI 0 BEAZ 16 Al 7K %
JRC s 24 T S A B I, AR i R B v G R AR )
AT B KIE 64 he

3 FEFEMREEAR

3.1 A4 3 & (photosynthetic algae)

Hopfner 257K 3T3 AT 4EA L 5065 S AR
BEILRE IR AT WA, IAEARE S (1% 0 N LG
ME22 ho FEBIEESEH AR IR B SR A BT 52
B WHUEIR, SEEEILIE IR 1 T 42 sk A
75 F B la(hypoxia inducible factor 1o, HIF-1a) [
FEIA LU BB IR I BT AR 2 3 v, U SR
BRI UK AT REAAE B2 BT
32 Mgk q-RétkaER 2 64[Mb_CILS]

Armstrong 25" 783l 4 A [Mb_C1 [ST M
T DI Ret, Refe S B v RN A i 3R A B A
I T AT E TR EA 5 E
AR VE TR 45 6 5 77 A2 R 4 52 £ 20 | i Y
RS T . MR IMb_C] [S15 A i 8] 78+
ZH Mg Chuman bone marrow mesenchymal stem cell,
hMSC) &5 4, MK 7 hMSC 7E 5 Z BE R (polyglycolic
acid, PGA ) SCH PR BUCH I BE . BB )5 f0
hMSC 7 32 42 3% 97 35 d J& » R BL[Mb_C] [ST& i
hMSC 2 #8817 11/ 1 B 8 1 1) Ee g, SR T
HC R/ N 42,249 B MK 1) 7.60% «

3.3 #A MR (ptanks)

2021 4%, Guan ZE> K T — PR GOR, H b
P18 5 A TR e o ] 4O T M S R ) 1) 58 2 R A S
A TAZZ A B 522 B 2R K PN B Atk 4 AT
DU 5 A58 K P B 8GN PRI, 5 BUR R IR
JEWNS, BB H 1. AL I I, FERE
FAFN S AZ ORI S8R DL 35 1 98 ) 72 5 T
2 9 (mesenchymal stem cell, MSC) [ 473% , 1T AN 75
FROSHIFA . FEARA S0, 5 MSCAIUEREE R



544 555 9 1A

* 1296+ Moa BEORE K ¥ %R 202449 H
R2 HEMEREER
Table 2 Types and characteristics of carriers
Carrier Structural formula Advantage Application field
PCL 0 Good biocompatibility, soluble in a variety of Controlled release drug carrier, cell,
/PO\/\/\)q\ polar organic solvents, fast biodegradation tissue medium frame , medical model-
" ing material
PLGA 0 Good encapsulation and film forming perfor- It is widely used in pharmaceutical ,
H mance, good biocompatibility and biodegra- medical engineering materials and
HOM(\OT dation performance, and the degradation rate modern industrial fields
x0 ' is controllable
PDMS - | 0 | 0 |/ Physiological inertia, good chemical stabili- Hydrophobic matrix or food grade de-
Sit [SiT |Si ty, non-toxic, breathable elasticity and good foamer, used in medicine, food brew-
| | nl light transmittance and hydrophobicity ing, fermentation time defoamer
GelMA /H%OOHMW With a certain strength of three-dimensional Tissue engineering
W(BlO/%O?I NH structure, suitable for cell growth and differ- 3D bioprinting
0 entiation, good biocompatibility

PR R — I 26 B/ BRI A, R IR 3 s
1 MSC FE SR L 2% A T B AE I G 58 A 55 70 AR .
BRI PAEA G A RAERITE BT, 0 U8 A2 B 1
WAl IIKE A B AR R E IR . [
I, PRI BE % BRI 140, EURET L0, K EE
HA R A SR E IR T 22 4

20224, Farris 55 TP & — 5T PVARIPLGA
M7 AZ B ER o %2 B PVA 4L, 7] b A B
J8; 582 B PLGA H i, R AE 22 S P 51X
e RS A F) 3D FT BV PCL 3L 28 v, I A 4l 0k
JAFBEH LI . AL IR R SE = S S B AT DU AL
M5 N g 5 -4 Y Chuman adipose-derived stem cell,
hADSC) H A7 i H A4 7B T80 R 22 1 1) K ik
8 ho N4 LR HE 3| B TS AR R AR AR AL N, K
PR R A RE 2 T B2 R s E A,
AR T 4R B DT

4 B 2

BALWAM R BN NG A S TE A %40
R A R PE 2 AR R I CPO R SPO
O TN AL A AR N TR ASRE
SRR, 5 Al AE A BB vz F VRS A, W PCL,
PLGA 1 GelMA %5 i DA% 3 580 IR SE B T #E BE il o %)
X — RBIMRLRIE T AR SR R RN, 124503
WA EE— D &, D s di i is ), e 2%
AARBERURE . YRR R Py R AR T I v 2
B A%, 45 S B Fr 2L A M R ARG MR AE )

R R LSS VRS AR A B 4 . A E
RS BB R AR JiCq% 1 7 32, T DAAE 2 R
FHATSCE S D A6 AT B4 45 R etk o)
PREEER o

AR AT ALK S IR S KB 45 & T T
QIR AERTT, S BEN A B T 5w ik 4a B
R IR LA TE IR, 45 & ih SR ATHL
a2, PR T R TUK AN LA 2 H P 7 1 R
S 38 AT UL By S A RO T A PR A 5
R, TE BN PR AT , DLVPAl 14 Py B A 8CR
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