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[ Abstract]  Hypoxia is associated with the occurrence and development of many diseases in clinical settings. Cell
hypoxia not only serves as a vital marker for disease advancement, but also plays a pivotal role in exacerbating the disease
process, and improving tissue hypoxia may thus provide new strategies for the treatment of related diseases. Further
investigation of these diseases at the cellular and molecular levels requires the establishment of a cellular hypoxia model.
Current extensively employed hypoxic cell models can be categorized primarily into three types: chemical hypoxia, physical
hypoxia, and glucose deprivation hypoxia models. This article reviews the various types of hypoxic cell models and
scrutinizes their applications and limitations in disease research.
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R4 D A U AN A2 ORI SR
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AR I s 4 < ) R R A, SR M TR A
SRS 5 009 1R ot SR, ph B 0 L £ B P A
Wl B 2T 2 1 TE AT R R DA SRR SR
Jyid v T BUR S 5y B A D DR 3 s 2 2 sk
B, i 2 AR M) P AR A 5 | 5 A P ik
S, DU P 2L L A A B AU T B, B
TERG R RGP KA R s B2 X HE
AOPE T, DRIk, ke 3 2 2k S ml BB R 36 9 ol S A
TP BB AL . 22 A ) A 0 B A 5 4 T )
REEAAL , 20 M k4 1 4 B 25 R GEBMN 1 K LR 5 4 e
PR A A RO IR AN R B
i FERELF DN T7 2 D0 AR, BN T WF T 40 M sk
AR POR I B BT B, NI, ST 40 i B AR
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1 BREMEHLR

1.1 REMEEE I FEIRE

TR 20 e e S8 RS v LA A 6 R AR
A BAAMHCH F I RA B RH T - 1o
( hypoxia-inducible factor-1ac, HIF-1a) FIALE PN B2 A=
£ K F (vascular endothelial growth factor, VEGF) 3
IR T VR A R B B ) ) s o, PR Ry 355 4 P i
PR 20 ML P EL SR B AR AT, AT LA T 00F 5 M Jes A e AE
BUACRES T RS SR AR 1. IR A2 i SR
TR T b o 5 R A AR 8L, T AR AR A
XL R E N7 T 90 B A IR A ( extravillous
trophoblasts, EVT ) A9 it S8 4 MO A 7Y i 2L B i A
AT PRI 1 240 FOIR A . 7E BT I DK 24 49 5 rh 24 %
20 B 1) PRV P LA R ASE DL 0 A0 e 8 o ) 3
EPEA ML IS R AE 50% ~ 70% ) 564 T AT R 5T
TEF5 T 20 1 2 A1 S 2 30 v i DA 0 T 30
R 38 5 R A Ay S DR A B 5 U i b e . 7T
FEAR AR DG IR -1, 7 LA 40 i A= 77 23 5 i /s 1K
SEURH DG BE DA 3k 1 35 3 e b e o
1.2 Zer{dk 2 R T IR 5%

TENRN, B3 90% 1 S SAE ZORL A b BT
FE T AL R Ak Sy 1) Je 2 W 7 32 4, L7 2R
— MR % 7 ( adenosine triphosphate, ATP) , i AfA
POt BIRRE G, SR A A A IR I BE 352 i Ak

TR B B4 4 FhEE S WAL, B0 S5 W08
PR H B R B T A SO R, X e
B Z LR T IR AR U T AR REE B
NV EHGE IR IS5 458 ok, ZaYEisa
I 2 TE 2R A 5 I 0 AL R JRE [ B 22 i) 7 A= 1
2R BT BE RS BT R A MR B B 280 ATP i
IR [ 2R AR FFOFIR B ATP BRI, I AR 2 H
(TG S L AR L ML 38 B A, B ek ik
T B DI REAZ AL, R 2 ATP AR R, AT
IR ST OIIRE R AR
1.3 HIF-1la

HIF-lo s NRTESRE AT B9 2055 7
FEIE R B4R, HIF-1a 19 S840 M1 R fifk 45 # )
(oxygen-dependent degradation domain, ODDD) 5 Jiffi
2L (prolyl hydroxylase domain, PHD) 454,
HIF-1o #5234k, B 5 #% pVHL (von hippel-lindau
tumor suppressor protein) WUlIFiZ R Ak, B AW
MR o SR, FE B RS P HIF-1a A 2384
PHD AL, BN 2 [ A, DI, 067 i 5 A9
HIF-1o S AR, 5 A S A 1 U0k A7 =
F—1B ( hypoxia-inducible factor-18, HIF-1B) 254,
55 ¥ A B H 5 B R E1A A15CHY 300 kDa
£ H (adenoviral E1A binding protein of 300 kDa,
p300) FHERBRRR IR H S BLTCHF4s & E H R4 & E A
( CREB binding protein, CBP ) ¥ HAEH , X Wi % &
L/ R - RSl 7/ (U U AN VRS S
(erythropoietin, EPO) VEGF S5E3E K i 538 i, #5
B HLAE AR SR PR

2 REMAMRE

2.1 {LFHERE

2 ke SRR AR 1 A A — 3 e ) % 5 e v
B E A2 ok S B, H I R AR N Y 21
ZUBAEUIRAS | 3 1 FE S 3 37 5 v 0 A sl T P 4
X AR A R S 30, 3k S Ak 2 ) o AR i HC AR
LA AT 4 =28 . B HIF- Lo 700 (5 SRURE 700 35 351
n 5 1t &5 ( cobalt chloride, CoCl, ). 2% &k B%
( deferoxamine, DFO) Fl — H & 2 — [k & H & R
( dimethyloxaloylglycine, DMOG ) ; % FE %l it 5 151 %Y
7% A, & W B B2 49 (sodium  dithionite,
Na,S,0, ) 5 LA K o 1 itk B 0By 289 ke S B 375 -5 591, 4l
FAL AN (sodium cyanide, NaCN) Fl& & 4H ( sodium
azide, NaN,) , HH1 CoCl, 1755k PR AS w5 Y
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BRI DL RS 32 A1 858 52 T T e )32 R A
SR, 20 B AT CoCl, 1Y) S5 3 ¥k Ji2 R Ak BB [] 475 A f5f
HE— D, TR I 1K Y R A5
AT R 20 A AAES A TR A5, P AR B e
JHELER

2.1.1 CoCl,

WF5E R, Co™ REREHLIL PHD HiY Fe™ , 5L
PHD 250 HIF-1a ¥R FEAL, M5 HIF-
Lo O SR SR 7= A 28 {00 400 e S A sk s ) b Ah,
Co™ IARE ELHZE M L1k 1Y HIF-1a 55 pVHL B9 45
A A HIF-« (937 2R, Rk
) CoCl, ] HE 2 ER TR0 HE o AN A7 35 2, (EL Bt 35 e
(BG40 BAF 15 R B T B FH %) A BB i)
K24 h W H O 150~400 pmol/ L, i MrAs ik
JEE RN AL FRESHE] 38 AT LABH 5% A [m) A B ke 420 0T 44 ff 2
WAT R (NG EE T RZE M) DL RS
FIRHIFEM, CoCl, 1755 B Bl 48 410 i 45 0 7E Ak 22 1F
FEIR R HA Tz N AR EAS BR T e 4t e 1
SRR B AR L2 B 5 R A i AT A M A v
TR PR 9 400 P s A8 A s O A5, L3R 1
2.1.2 DFO

TEIG RIGIT H, 2R e 2 18 Mk ask 480 1) —
W BRI, SRR RERS 5 PHD BT b5 1Y
HERF Fe 254, 23 PHD K1 IF M il HIF-1a
RS B, A T L 1k JHG ol 3 o, DA T 4 248 Y P
FEAESSRIEE RN AR SRR,
PRI EN iR A= X (S NS € I AR R
TRERURFFE AR BeAh, 8k e B S e i 1
MRS RE, W 5 AL TR KA Ykt

RIS, ARk I @G 8 R B T 8 52 5%
A ASUR RN - 3 /i 0 A W e OF || B
BEAE AR BE T HH 56 5 A5 A0 i i o vh LA B 2L AR
SCPOTAE DFO 75 A 41 M S5 SRS G T R A I
JEM 100~ 150 pwmol/L, 40 F i} A] 58 H A 24 h, T
HIEE T HIF-1a &L, 28000, DFO JL-FAH
TASTHLLE B R AT 1 8 PR 45 243050, 3 v g 5
TEAE BT A A G, AT BE 23 52 i) 52 06 25 SR 14 o
ik, DFO 7SR A 5L 50 v 9 1 FH L3 2,

2.1.3 DMOG

DMOG J&—FpE4e SR8 PHD 150, HAF 5T
WoRREMZ I H] PHD B35 %, T30 HIF-1a MR,
HAREE R, DMOG 774 1 G S R 55 5 4 B
A AN, T RE S 51 A0 K A B i 4 LA A
fbAEAL I R Rk — 4, DMOG 75 it S AH 56 51
55 v TLP- AN Ay Bt SR HD R i, T o 22 sl FH A
HIF-1a R E R, LAFFT HIF-1a XFHR KIS0,
MR BEIRIT P AL R A S . 4N, FE HIF-1a 7]
DASUE B /N ) S 40 47 )5 % B /INBR I AN R s i), %
itk DR Bz BT 2R ik k5 | e 1) 288 1 b e Sk IR
AR 080 2 8 4 r i W e A0 kA, DMOG
WH S TR AR MAY MRS MR, DU E
I A BB A R
2.1.4 Na,S,0,

Na,S,0, & —Fha 45 G5, BRI 7R AT A N 5 5%
FRENIAREE A, N FEA R IR M, AT
FERM X B AN S A A, H 2 mmol/L Y
Na,S,0, ¥R REHE 4EF5 TC AR 20 1 h, 1T pH {HA
SEAAE ) MIEEZ T, 1 mmol/L #J Na,S,0,

R 1 CoCl, if5 AR A A A
Table 1 CoCl, induced hypoxic cell model

i CoCl, ¥/ ( umol/L)

Cells Concentration of CoCl,

AR S A R SKov3 !

200
Human ovarian cancer cells SKOV3
NFLBOE MDAMB-231 4l fg [ 12! 200
Human breast cancer MDAMB-231 cells

R HepG2 4] 150

Human liver cancer HepG2 cells
NIRGH R A & U251 200

Human glioma cells line U251
/N2 IR N2a 40 300

Mouse neuroblastoma N2a cells
NI 3% L i 200

Human retinal color epithelial cells

75 S /h BT
Induction period Simulate diseases

24
4 AP IR 2 e S A A5

Hypoxic environment of tumor cells in the body
24
" B LS B AR SRR

Hypoxic environment in the brain of newborns with asphyxia

o4 R Pk I 325 10 i 4

Cerebral apoplexy due to prolonged ischemia
" PR R PO i 2

Diabetic retinopathy
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R 2 DFO 55y SR A A ML R
Table 2 DFO induced hypoxic cell model

4t DFO ¥/ ( umol/L) i T[] /h DFO 1 Ay fil US40 7 S50 v Ay 1o

Cells Concentration of DFO Induction period Application of DFO as a hypoxia simulator in experiments
AR R # R R JERA T AR IR S T T «B 2 K75 46 R BE 4K ( receptor
MLO-Y4[2!! 100 12. 24 48 activator of nuclear factor-«kB ligand , RANKL) {3 A1 =
Mouse bone like cells line T Proved the receptor activator of nuclear factor-kB ligand under low
MLO-Y4 oxygen conditionsis increased

T SCC-15 412

Tongue squamous cells 100 24

carcinoma SCC-15 cells

BV2 /INE B4 ffg 1

BV2 microglia

1D8 /)N B 51 S5 98 4H | A
HUREANM OVCAR-4[

ID8 mouse ovarian cancer 150 24

80 24

cells, human ovarian cancer

cells OVCAR-4

Pk I A L ) 7 R 2>

Adipose-derived stem cells

150, 300 24

NG
Human umbilical vein 100 48

endothelial cells

TEM T R 404 7 F SOX2 ( SRY-like HMG box 2) I OCT4
(octamer binding factor 4) [ Fk 44 5
Proved the increased expression of SOX2 and OCT4 under

hypoxic conditions

BAE R AE (hypoxic inflammation , HI) 1 56 15 173
Hypoxic inflammatory related brain injury

UEWT T ST6 -2k FLWEH o-2,6-MER MR I 1 (ST6 B-
galactoside alpha-2,6sialyltransferase 1,ST6GALL) 7] f#fi IDS 4 fity
1 OV4 A MI7EARSAR A T S AR 2Rt

Proving that ST6GAL] can make ID8 cells and OV4 cells more

invasive under hypoxic conditions

TERA TR S AT LA S DR i AR A D I A DAY TR) e 5 40 i
(adipose-derived stem cells, ADSCs) P11 A A R
It proves that hypoxia can restore the angiogenic potential of ADSCs

in diabetic patients

fRAR AL BE | |3 HIF-1o 335

Hypoxia pretreatment and upregulation of HIF-la express

URERE ALY 20 min AYERAESS B Gl ARG I
SEEWER M ZE L, FEH Na,S,0, W1
JIANAL BRI (8] (19 2 4 A0 B A9 77 16 82 BT RE AR
W E R 2~5 mmol/L, b HH A [H] 38 % Ky 1 ~4
h, Na,S,0, % FH T #4 gt fl 4/ 5 SR ) I v gl
AR E R E N 2. 5~5 mmol/L, AL BRETE] 2} 30 min
~4 h, B HEE HTK A Na,S,0, BRF 5= i
IR IEIRAE S S [ H N 4 ~24 h,, Na,S,0, 7%
3 AR S 200 MR A i L PR T A0 i R A R
PR FTLZAT P e P 0 3 i 0 55 s ) 0T 9 v 45 31
Tz, W 3,

2.1.5 NaCN FlI NaN,

WHoE R BT (CNT) MIS A B F(N;) —H
PEANMME, M MH SV (HEER C Ak
it ), SELORTT IR v %) Pl % 328, 5 B0 L D 12 R ]
AU ATP, AT 51 R RE S AR R A . SR, X
PP 5T B A e e B BRI, 6 NSS40 it X 25 3 1
TR SN A S EX R N ST TN R B U
NaCN FIEF S5 A e Ab B B0 LA M, TE S 1 &7 5%
SRR LA I PR AR, el A5 Sl s e
SopE 7 FLELO LA A H A 5 mmol/L NaCN, 3%
F% 24 h J5 WAL FL IR I E A (lactate dehydrogenase ,

LDH) HJLFR 3 B ( creatine kinase, CK) FI N — [if
( malondialdehyde , MDA ) k3 5 | U&7 T B4R
Y RASARY TR TP 2L AR R X LA L 1Y) DR 4R
FH, A ] 1 mmol/L Y NaN, 4b P B0
JULEM A, BBl ST T G SR
2.2 YEHRE

Py PR ol S8 Y 7 V5 A A UE B SR I B o AU
F ) B 2 20 55 D BRI SR TR P ARk
BRAR KR T T U i AR P R AR P A (H Lk
SRR A B R LR B 4 o i SRR
2.2.1 REAUEEFRE

RA AR IR LW SO 0,) VAN, il
TR (CO, ) 4% BEAS [ LU 1 751 0 1 2 4 5 3l A 85
PR 3G SR Bl = AU R A b, TR IR
LA — A R — AN A, DU 4 i i
IR E N A AU, AR R I O, W
JE IR 3 4 B 5 1k 58 S, SR 5 R 2 B
B 37 C 5% CO, HAI B 1Y 35 52 48 kA7 45
Fro ZABEIRAE R R T B BAR RS REAE NS
R SUASEL, BE AN R A B SR, BT A
S T AR A A Y BRAR B L AR, HT R OG
PSR FRAR T , SR IR B 5 i 0 I R 4 7T R 2
SEEAIRE A, B A S, B AT
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PIESE 0% 1% 2% 3% A%H) O, , i P B A &
£ 1% 0,.94% N, 5% CO, , AbFRI[A] AT LIS 12,
24 .36 .72 h, Hii 24 h J&aw R AL PR ] {0 5
Qb BERS ] 25 DR A M S Rt S, R T R T B R AN e
BERY AL 3 AT LA a2 A5 A 380 (] SR B 5 A ) A
RN A R A 52, TR G AR B % ok ST 1 R A
20 PR TRY A 200 T T e ot e B A e TR 4 i gl

AR R SR TN, LR 4,
2.2.2 IRA I SR

WA A 05 T AN T oK B R i iR T
F, W RR, FEE SRR I T A, B R
SEAE S BRI AR I, ) LS RS 3R O 5 A R A R
PR B2, 7 24 AR I 355 7 36 v 1) S0, DT 2K 381 e
ARROCR SR, A AT BRIk e 2 e i R L 3R

£ 3 Na,S,0, FHRMHE L0 A
Table 3 Na,S,0, induced hypoxic cell model

i ity Na,$,0, ¥

Cells Concentration of Na,S,0,

Induction period

5[] REALLBR

Simulate diseases

SD K FUA B o 22 4 i 7

) K 2 mmol/L 90 min
Spinal cord neurons in SD rats
/NG SRR 4850 HT22
4 [38]

2 i 2 mmol/L
HT22 cells in mouse
hippocampal neurons
K EUIF4H BRL-3A"!
5 mmol/L
Rat liver cells BRL-3A
o Tl 2 it [40]
HOe2 L LA 2.5 mmol/L

H9¢2 myocardial cells ah

2 AT 2 M -
At AR 5 mmol/L, JoHHRs 77 3

. [41]
SH-SYSY .5 mmol/L, sugar free
Human neuroblastoma cell line .

culture medium
SH-SY5Y

1 mmol/L, JoB¥
PC12 4142 RPMI1640 35357 -
PC12 cells 1 mmol/L, sugar free

RPMI1640 culture medium

B 1 h, HH 24 h
Hypoxia for 1 h, reoxygenation for 24 h

A4 b, ZHA2h
Hypoxia for 4 h, reoxygenation for 2 h

4 30 min, B4 4 h
Hypoxia for 30 min, reoxygenation for

Hypoxia for 1 h, reoxygenation for 3 h

it
Spinal cord injury

i e AL P

Cerebral ischemic disease

JFT 400 4o A B

Hepatocellular oxidative stress

A W2 i fe 0B 45 40
Myocardial cell ischemia-

reperfusion injury

BB 1 h, E%4 3 h

gt Lt 0 A BE 45 i, A4 g
i MR A

Cerebral ischemic disease, cerebral
infarction, ischemic stroke, chronic

cerebral hypoperfusion, etc.

R4 RBUAE SR BER
Table 4 Hypoxia cell model induced by mixed gases

il [EAERRENEA ]

Cells Mixed gas ratio
/N GC-1spg 5 5 41 ff 46 3% 0, .5% CO, .
Mouse GC-1spg spermatogonia 92% N,
INEAZ TN c17. 28 1% 0,.5% CO, .
Mouse neural stem cells C17. 2 94% N,
NE SN Helal 1% 0,.5% CO,
Human cervical cancer cells line Hela 94% N,

1% 0, 5% CO, .
94% N,

BN L e !

Human renal tubular epithelial cells

FLEUFAC LA 1% 0,.5% CO, .

Primary myocardial cells of suckling mice 94% N,
JRET 44 3% 0,.5% CO,
Fibroblasts 92% N,
e 1% 0, 5% CO,
Bladder epithelial cells 94% N,

1% 0, 5% CO, .
94% N,

NHTLRAAR

Human breast cancer cells line

S )/ b I
Hypoxia period Application scope
36 AT
Cell apoptosis
. et M A A

Ischemic stroke
24 AP I 400 L ke S PR A5
4 — S A N A i B T 2 Al ok e

24 Hypoxia inflammatory response promotes the progression

of renal fibrosis

OV FESE O LR S PR

24
Myocardial hypoxia diseases such as myocardial infarction
b RO
Keloids
. RSN T e LT 4R 1L
Hypoxia exacerbates bladder fibrosis
" BRI R Rk

Hypoxia related gene expression
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AT, B AURE B e LA, b o I — R
PEYITL , AN T 50, AR VAR, 76 W i e B Al
A2 M ALEY

2.2.3  JREAAR/IRERED:

PO IE T Bl — N A R R A R R
AR N A, B L) 2 i o PR AR AR AR S
RS S A SO A AR, BRAE T
SN REE L R A4S AR AR R R A G FR e
EEIEFRREIT WS A AR R A B A 221, KA
A%/ IR AR FREAF5 3 1) B S 200 AR A 7R A 00 JUL AR &40
AL PR B 0 | 2 SRR A kA b KA
PR3] Tz W, R 5,

2.3 1 | % F (oxygen glucose deprivation,
OGD) &%

BE R AR 2R TER IR, AARHE A B B2
A SSTEM ML N B o flf A s . TR AR E T,
A 2 M A T AR A A2 7 A VR A R s T T R
ANGRARS 590 T BE RSN S SR A B, B
FRILE DV B E N BB TR, WO WO A R R A
R = W54y, 20 G %) I R 4% 2 v B, S S04 i IR
L o INTTREA k87 = R o A T RV S G e
I 38 AN 2 B 7 A 0 PR 5k 4, LU, OGD Bk
Ry R AL SGFe L R S 5 T AR S 4

OGD Y5 2 AL 5 K5 1E 8% 15 77 33 g (P M
TCMEREFRIE 0 240 i B TAREA R 3 3%, 40l
A DABE ELH AR ARG sl 2 SR A A
RF S A2 ) IR T A TR SR IR R ) O R
T FH O MR RS 75 3k, 914 40 e B B SR B v, b 3
B E)3E 5 Ry 12 h, SXFP BRSSP BRI
sRPEBR . PFRERIT IR SR OGD BEAYTE AT 5 fiki
38 12 AN A2 B A G0 L A5 9 7228 R0 kg Pt 28 45 47 1) TR
SR | RS B i A5 A5 55 M b 28 O R ) B
PRAE A PR AME AT

{2k OGD HEH R D | B i ik Ak 244
JifddE CoCl, Fl Na,S,0,, %77k FE M T 27 6k
A/ AR, OGD B & 1F il H o 0% 0, 5%
€O, .95% N, FITCHE % 5 | B4 R] 2 7F 1.5 ~
4 h, AN B % A 24 h, OGD 5 5 1 i 40 40 ifg
B2 o FH T Sk ot ke S PR R A 14 A9 9 LA B A5 41
Sl F R E R S, ILER 6,

3 GREZAREAEEY B PER A LB R R SR

Wy B B A 7V BB foe S IR S P i 4
PRI, EL ™ M 2 ] R SR A%, O I il SR B 35
AORRE P, JEL TR N O R PE B 4, AL~ P Bk A
7k RERS G E LT SR S OR | AN 52 51 IR 1 52

RS IRELYIREREES S B AN A
Table 5 Anaerobic bag/anaerobic tank induced hypoxic cell model

il
Cells

BREASAT

Hypoxic conditions

B4 (]
Hypoxia period

B

Simulate diseases

H9e2 L LAT
H9¢2 myocardial cells

NTEH T4 Lo20
Normal

cell LO2

human liver

B B P9 2 i

Human  umbilical  vein

endothelial cells

Wog ot AR TR R R
4t

Neurons and astrocytes

Anaero Pack R =S 4%, Farle’ s
TCHEF A L R

Anaero Pack anaerobic gas bag,
Earle’ s sugar free equilibrium

salt solution

GENbag R4 U4%, oMl IRk
GENbag anaerobic gas bag, sugar

free culture medium

Anaero Pack JR%( ™ A 42, [l T
I3 B

Anaero Pack anaerobic gas bag,
low sugar serum-free
culture medium

Anaero Pack R4 =S 4%, JOHE T
b

Anaero Pack anaerobic gas bag,

sugar free equilibrium salt solution

B 8 h 12 h
Hypoxia for 8 h, reoxygenation for
12 h

A 6h ZH2h
Hypoxia for 6 h, reoxygenation for

2h

B 3h 6h9OhEH 2N
Hypoxia for 3 h, 6 h, 9 h,

reoxygenation for 2 h

BOBFB4 1 b H A 24 h
Hypoxia due to sugar deficiency

for 1 h, reoxygenation for 24 h

AU LR I P9 45

Myocardial ischemia-reperfusion injury

200 L 5 P98 44 0 an T UFE 170 8 A
IFRAE T A AR AR 5

Hepatocellular ischemia-reperfusion
injury, such as liver resection and liver
transplantation surgery ,

hypovolemic shock

HLURF A

Tissue flap transplantation

eI A R

Ischemic stroke
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&6 OGD I Ty A LY
Table 6 Hypoxia cell model induced by OGD

4l B R RS 8] BB
Cells Hypoxic conditions Hypoxia period Simulate diseases
0% 0,.5% CO,.95% N,, JoHi %
PC12 4ijfg e Frdk o
PC12 cells 0% 0O,, 5% CO,, 95% N,, sugar
free culture medium
1% 0,.94% N, 5% CO,, JCHiH;
BV2 /i S ter Frdk 8 h
BV2 microglia 1% 0,, 94% N,, 5% CO,, sugar
free culture medium
. . 0% 0,.5% CO,.95% N, , JCHH &
B R 26 2 I I : ’ : )
Frhk
il R 12 h

Primary rat astrocytes

AN R 2o

Mouse cortical neurons

BV2 /N 4 L
BV2 microglia

SH-SYSY #4165
SH-SY5Y cells

HT22 4l . PC12 4 fil o

HT22 cells, PC12 cells

H9e2 L LAT 7
H9¢2 myocardial cells

H9c2 L L0
H9¢2 myocardial cells
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free culture medium
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free culture medium
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free culture medium

1% 0,.94% N, 5% CO,, fik ¥ 55
IRk

1% 0,, 94% N,, 5% CO,, low

sugar medium

BB 90 min, 4 24 h
Hypoxia due to sugar deficiency for
90 min, reoxygenation for 24 h

BB 4 h HH 24 h
Hypoxia due to sugar deficiency for
4 h, reoxygenation for 24 h

BREBAA 4 b, ZH 12 h
Hypoxia due to sugar deficiency for
4 h, reoxygenation for 12 h

BB 2 h, A 24 h
Hypoxia due to sugar deficiency for
2 h, reoxygenation for 24 h

BB 4 b, ZH 24 h
Hypoxia due to sugar deficiency for
4 h, reoxygenation for 24 h

24 h

e ML P g S A B | e a1 A
A MM A R A
Cerebral ischemic disease, cerebral
infarction, ischemic stroke, chronic

cerebral hypoperfusion, etc.

Lo WLt ot P CE A 5
Myocardial ischemia-
reperfusion injury

Lo Lk A V2

Myocardial ischemic disease

M, {5 AT R 2 of 4 D 3t o — 7 R RE 445, ek,

CoCl, \DFO #1 DMOG i i 5 i€ HIF-1or A5 L1 52 4
MBS A AR S, I A BEASE 400 40 T ol S0 o 7R

SR, =G FRAE R A B, JE R

Je A ]

R KA, !ID%%QA% SHFEA RV, KRR

IRAAHE i TR T
B,

.

N RAAR, AT R S — A A

Na,S,0, B4 1Y 52 40 i 19 K 5K 1 5k %05 NaCN il
NaN, 38 23 i SR AT 0 % | 7 A= ST 2H U1 il 4
IR

TEAN[A] Y S5, ok AN ] 1) il 220 20 A ASE 2 7 3
ANRIAEERE, T TR PSS HY A B 5 S0 H 19 53 3] e
FARA N7
3.1 EERE

TEZ% &) B B R, = G AR AR 2 A A
(e, DR HL BB A5 K5 8 455 ] AR LU 91 B A T A

XA PRSI AR, CoCl, R HERE I e PR L
Iz, JF H E B0k 52 T DA 5 S 40R OC 1 R i 4
b, 4n 4 % H %% iz 8 1 1 ( glucose transporter 1,
GLUT1) Fl VEGF BRIk , 3 55 Bk ik 4 F) 3 1 L
FIAARL ) fHJE Na,S,0, B 45405 B B4
‘fiﬁﬁﬁ@ﬁﬁﬂ%ﬂﬂ%] B Na,S,0, 52k i 48
TS IZ S B e 5 s I e, DFO B A 4t
SR A TR, AT SR 5 1 o e Y E 5
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B0 NaCN il NaNy % AR FAH M #0545 ANl
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H A, E 7 S A A0 I 22 FH B R Py
S G AR IR RS A00 E  RNE 9E BRI BE T
FHOCIEP 2R IE . OGD A5 7R fie 435 45 tife I ke 4 1k 92
i FRRF UL PH- TR 460 10 19 R ML AR, R0 b A 5 X 2

PRI 1 AR AR | AL A R B S B RO S I, =K
BEFRAA TN CoCl, St i I ik, IR A/ IR AU
8 Na,S,0, AVENEE ek, U BE &1 F
AHOE 3 R Y R I, B ] = RRE FR A B CoCl,,
DFO J&55 —3E%,

B TR BRI N 25 A SR ST R
I IR ML A B S 6 28 A 4 F . AR SOt b ad dg
USRI T T A BRI 7.

RTINS IE OE B LR RN T B

Table 7 Principle, advantages and disadvantages comparison, and application of hypoxia cell models

BRAET Ik J3 Pesi
Hypoxia methods Principle Advantage

A

Shortcoming

JO7 91

Application scope

AR PR AR L
RS

o4 % RIS
B, BeE A A B R
A

HERERRRN Changing the oxygen ratio
K . . Accurately control the
Mixed gas in the environment and
. parameters of each gas
reducing oxygen .
. and set different
partial pressure . »
hypoxia conditions
A48 R 2 A B o
PRECHE/DE BRSO A AR . .
E T TN , SO BN A
. 143 Anaerobic  bags deplete . o
Physical . . Practical, small in size,
. Anaerobic oxygen in a  closed .
hypoxia . and low in cost
tank/bag environment and produce
carbon dioxide
R S AN R B IR
AN UR S VRS e o
- HA i~ I
WA , LATH JRAME
o Isolate the culture medium . .
Liquid Safe and non-toxic, with
. from the external
paraffin . low cost
environment and deplete
the oxygen in the culture
medium for cells
B PHD Ay Pl { .
; AR A Z S PRI
PHD % i, M T #0 o B
HIF- 1o RS AN S S Ry
CoCl, 5 Low cost, unaffected by
Replacing Fe’" in PHD to .
external environment,
inactivate PHD and inhibit .
stable hypoxia effect
the degradation of HIF-1a
IAE A HP SRR
Y Fe A, MR HIF- S BURUR R,
Lo RS X 240 I TR
DFO Combining with Fe?* to  Low cost, unaffected by
inhibit the degradation of external  environment,
HIF-1a stable hypoxia effect,
and non-toxic to cells
il PHD B3GR, B A AR A2 AR
A, HIF-1a B4 S A RCR R E
Chemical DMOG Inhibiting the activity of  Low cost, unaffected by
hypoxia PHD, causing HIF-1a external  environment,

accumulation

stable hypoxia effect

AU B Bt ATIT IR B4 A 1k
R

Instrument is expensive, and
the hypoxia conditions change

after opening

ARt
w1

S W e
Unable to accurately
determine oxygen content,

requires real-time monitoring

of oxygen concentration

BREESCRATRE , A REH B
B R B, ELYE LAY VR,
WA BB AR

Hypoxia effect is unstable,
the degree of hypoxia cannot
be determined, and it is
difficult  to which

affects under

clean,
imaging

the microscope

Xof 240 ML A 2, AS [ 200 6
TR I AN ) AN [R]

Toxic to cells, with varying
concentrations and times of

action on different cells

AT 240 JEL AR T e B 0[]
ENE]
Different cell action

concentrations and times vary

ANTR] A B VR T 3 52 R B ]
PNz
Different cell action

concentrations and times vary

W, AT TR A O AL
2 if0 55 440 i R

Commonly used, can be
used for cell lines such as
cancer cells

and cardiomyocytes

BOW T, AT T LA A
(LERES R FITEN

Commonly used, can be
used for cell lines such as

myocardial cells and nervous

system cells

A

Not commonly used

CAEREREER LN
LRGN AR

Commonly used, can be
used for cell lines such as
and nervous

tumor  cells

system cells

L N D R O
SEENEITES

Commonly used, can be
used for cell lines such as

tumor cells and bone cells

A

Not commonly used
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BRT
BAETTIE JE 3 N AL 13 FHE R
Hypoxia methods Principle Advantage Shortcoming Application scope
MEME AR C AL, = S AR PN N
T o R K NUE Sl T ISP PR

Inhibiting cytochrome C

R BRESICR T E

A

Highly toxic, harmful to the

NaCN NaN 208 affected by
B 1 oxidase  and blocking Low cost, unaffe(ted by human body, with different Not commonly used
. R external  environment, .
respiratory chain . cell  concentrations  and
stable hypoxia effect . .
electron transfer durations of action
‘ B s g L4
WA 25 B4 g, BRI L
S B A B TR Bl 25 2R G 20 M Y ik
N :~/ N o4 “ NGl N WA H e u:ﬂ
SR S SRR %fzﬁ T AR e BE A mE ] 4R E%&ITE .
Na,S,0, Depleting the oxygen in the  Low cost, unaffected by I Commonly used, ~mainly
2 ’ ’ ’ Different cell action  used for hypoxia/

culture medium external

stable hypoxia effect,
and fast speed

R % 5% T, R

environment ,

concentrations and times vary  reoxygenation models  of
myocardial cells and nervous

system cells

W, B T LA
IR 22 2% 0 46 I A4 ok S/

o i b o . % A A % 0 Y o
Bt PR AR i PP e
Sugar 0GD 57 Sugar deficiency disrupts Mlut‘ '(Tl del PR E I Commonly used, mainly
deficiency  OGD model the respiratory chain, and ost ideal modet for Operation is more complex used for hypoxia/

ischemic

and hypoxia an  hypoxic environment

causes cellular hypoxia

hypoxic diseases

and .
reoxygenation ~ models  of

myocardial cells and nervous
system cells

4 MNESRZ

FE T e A 200 R ASE R T 5 i A R o A LA,
SRS A R PR BB R F B, RN
# s T A SURAN M Bl T a6 S ST B A 2
(R 8 A, P T 200 e DR R 3 7 i 9 >R K e i
o ATEEHR 0T, N © Jo ik e K,
NTIAE Jif 928 200 B P 7 A e 4 DX 0, R 4 2 i
HIF- 1o (YRR, DL AESRE b 98 20 M i A= <, O 02 i G
R FNRERS T RO, B A T A L LU AT
el pE AR R, e S X A S A R
FH 03 a5 5 HIF- 1o 283508 58 1 585 A 1, 29 1 2
HHEOEE

B — R 2 i R R AU B 40 e ds
S, R Z R HILIHS AT AR S B AL S R, AR IR
W o R 5 i 8 A M 9 P ) AR A e SRR L
VR 32 i DA S S N R SR S e AT A — S B
Ol S AN S € W N S 341 ) O e
XUE TR RS IR N SE IR AR A AR B, fEER
ST R AN AR HR R R 2 R 1 R A A R
PLHRIZER R | e A 18 10 20 OSSR | D 4 i A5 401
RPN . BIAT 11 SR SR TR i i s SR O U
—  BRESUR AT, A SR A A AR R, B
FEFE T TP 23 1 BUAR NS00 D B, 5 el R4
BB, ST IR A S0/ R i A R BT B AR

SE, WAE B R B A Na,S,0, #8R 5 35 5 b iy
0, , PR A0 ML TC SN IR B v, B 7 T3 26
LI REUS A RYRCR  (HARE— DR

TEARSAUSE SO N, 7B Y AL 455 2 Fh
B A A BT 57 6% 20 JHASE Y s 7 T DL B A5 4
PSR B, X 4 2T KO UL AN T B 4R
S I 55 7R ALY pH A, A 0 LA A B4
MR P FERY RIS, O JULA B R P R O JIL SR I Sk 4
PEPRI KA R 1) — > BB S PR
BRRLN , ZEAGHIN G20 0 A7 7% 38 A BE Al [) i 4G 00 5
FRIEH) pH (2 EMATF & H kit e, s, it
SR ) B A L P B SR SR B TR T IR A B
23 BEIMA B MEI) SR A8 1Y Kbl

WEA PO ORI 19 i, Ok Bk 22 1 A E A R
Ji, V22 N DRSS I 5 K AR AR 480 B 555 T 5 2 74 e D
SN, 7 H 2 A] R R 5 K i (high altitude
pulmonary edema, HAPE ) F1 & J& il 7K B ( high
altitude cerebral edema, HACE) , 3X % #E A &5 JL A 5
%922 Ay ™ B P AR T MO BT = R AR R
FRAY I, H A Im PR B 16 32 AR P 25 X AEVR T
AR ZE ST RE S BON R RN, Bl 9 2% 24 Bl 2
SELEYIE BB HE AL R T b 25 35 M R o3 A5 R AR
A5 ) A 55 IR SC 38 i AT By R B0 Lk
¥, HAPE 1 HACE Ay Z A tILil 1 R 58 4z A 8, 5
INEZ s R IN NS E SO R TS S N 25|
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