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Studies on the alternative evaluation of improving hypoxia tolerance function in health foods
YANG Jun', LIU Lei', ZHANG Dachao’, SHEN Jiaqi’, HUANG Yanfeng’,
TAO Gonghua', HONG Xinyu'
(1. Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China;2. China Health
Association, Beijing 100142, China; 3. Hunter Biotechnology, Inc. , Zhejiang Hangzhou 310051, China)

Abstract: Objective
in health food. Methods

To explore the feasibility of new test methods for evaluation of improving hypoxia tolerance function

Hypoxia tolerance experiments were carried out on mice. The zebrafish hypoxia model was
established, and the improvement of zebrafish hypoxia movement and erythrocytosis were tested. A chemical hypoxia cell
model was constructed with sodium disulfite, and cell activity and lactate dehydrogenase (LDH) activity were detected to
verify their effect on hypoxia tolerance. Results Compared with normal control group, the hypoxia tolerance was improved
in mice by health food sample. Compared with hypoxia model control groups, the sample improved zebrafish hypoxia,
hypoxia-induced erycytosis, and alleviated the reduced cellular activity and increased LDH activity caused by cardiomyocyte
hypoxia. Conclusion The ability of the sample to improve hypoxia tolerance can be detected by three test systems in vitro as

well as in vivo, and the introduction of alternative methods to animal testing for hypoxia tolerance tests is feasible.

Key words: Mouse; zebrafish; cardiomyocytes; hypoxia tolerance
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1 #REFE

1.1 #E
1.1.1 FE&

SR R DI REUORE, BUAR S 310 mL/HE, A H
R4 7 AR AR H 310 m1L/60 kg BW .

1.1.2 2%z

it J5E 3F AT AE KM M P A 4F /N B 80 L, SPF 4,
R 18~22 ¢, W [ LilE AR FEL R S WA R A
A [SPF,SCXK(J)2018-0004] , 1 3% T - i3 i #A VT IX.
M AR 1222-9 5 39 B [SYXK (') 2018-0031] .
T W) [ 2 RO S 56 2 ) e R A RS DL B
ICHES : F 5 3IE (2017) 05005 1 F2 A5 IR B R 22~
24 °C, B 55%~68%. 2 Hi% SD #FLH 10 2, SPF
Y0 B AB R BE Dt 390 JE M0 K A KL A
274 2 3% B Albino & R BE LS fa 390 & . A 3R IR
Bil i 28 C,

1.1.3  FBAE 50
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LEICA) .96 L 4f ffl 5% 57 #i ( 3¢ [ corning) \HLF K F
(3 [E METTLER) L 4 J5t £ B (R FIA 2 ) L 1H IR
R FAH (HA EYELA)

[ i ( 36 & gibeo 22 ) G 4 MG (35 gibeo
A A DMEM 1 55 45 (26 [ gibeo 2 ) \D-Hank s
W B Procell 23 Hl ) . FL R W A B (Lactate
dehydrogenase, LDH) il 52 i ) & ( B AMEKO 2
A ) DY H ) U ME ki (MTT, 32 [ Sigma) , % — ¥
B R B (43 Bl I A0 R WA R B (A B gl 1
MEEZ) .
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o o G B e e Y G S 2 W R K
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120 H .
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IR R AR R B0 I /) BRI R 410 == 8B ]
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peeing el
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T RO R AT 4.8 .16 .32 175 # FR i Ab BELC UL 4 R
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W, ¥ DMEM, B 1E 5 X B 4040, DL 4 mmol/L i# —.
VA TR 9 A 3 A% 2 AR 0 LA L 45 47, 24 b ) A
) 448 B 3% 14 F1 LDH 3 M, F B AR A F 570 nm &b U
FE W E
1.3 Giil2#obr
B 28 SPSS 16. 0 3 1+ B Aw o 2%, JF
FATG AT M7, R 7 2253 87 A1 Dunnett’ s T K6 55,
P<0.05 HERAGI¥E XL,

2 H#R
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Table 3 Acute cerebral ischemic hypoxia test in mice

I - /NERIBT Sk S ek E
21 5 SYE/ R R/ g W% {21 9 ] /s
I X IR 2] 10 26.1+0.9 13.3+1.8
1/4 R A 10 24.2+3.3 15.3+1.8%
1/2 R 4 10 25.4+3.7 12.5+2.3
RiE 10 27.9+4.0 13.8+1.4

o RR 5 IEH O IR i, P < 0.05

A4 = B e B SRS O T s sh R, H o b
We g 8.3.25 wL/mL B, AT & 25 18 Jin B 5 £a Y
iz g (P<0.05) .

6 5 AT UL AR e e G BE D £ 2T 41 iR 3G 22 0E 1
SCUG A5 A 5 0E H O B EE B, AR TR X R At S 1
JINT B R AL 2T 40 A Y £ 5 B (P<0. 05) , i
HH ) Sl B 1 £ f5 A0 ) S TR N ) o R TR R R 2
AH L, 8. 3 wL/mL 32 i) AT & 2 B AR B 15 £ 2 3 1l
BLLYN MY 8 (P<0.05) . ERSCIR g R,
Z A2 ) XoF B 4RI B R L B R R 1 40 A Y 2
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#4 BEBED fIE )
Table 4 Hypoxic zebrafish motility

250 BB/ MIZFIEE/mm
TE % IR 20 10 7 730+331

FE A0 o) B 2 10 6 225+337*
PR A X R 28 (45 % H K 500 wmol /L) 10 7 906+468"
ZAXY AL BEAL (2.8 pL/mL) 10 7 4574437
ZAR Y Ab B4 (8.3 wl/mL) 10 8 042+242*
ZARPAL PR (25 wL/mL) 10 8 080+414"

T FoR HOE R AL L EL L P<0.05 " 3R H BEAL RS R4 L 85, P<
0.05

Fo5 ST 0 AT 20 M 1 2 S0
Table 5 Erycytosis test in hypoxic zebrafish

Al J 5 s - =R S KEFAR
F 1 /NBUH TR T G 4 S 24151 BB/ 2 igﬁ%/{;ﬁ
Table 1 Normal pressure hypoxia tolerance test in mice ROl 10 107226
21 5 Y/ R PR /g TG A /s R0 Xof B 2 10 2 721+528%
1E % IR 4 10 26.6+3.5 1 885372 FHAE T R 20 R R 1 pug/mL) 10 283+52*
1/4 WA 10 26.6+3.5 1 658+247 ZAXY AL P41 (2.8 pl/mL) 10 1593+416
1/2 i 2 10 25.2+2.7 1745+213 ZIRPAL PR (8.3 pL/mL) 10 196+22"
siE 10 27.3%2.5 1494+196 ZARPAL PR (25 wL/mL) 10 HAYFE T AT

22 /NEROIE A R M A T B T

Table 2 Survival time of intoxication in mice by sodium nitrite

21 5 Y/ R /g AE 1% I ) /s
IE O IR 4 10 26.1+3.3 1 474+282
1/4 A 10 26.1+3.3 2 222+448%
1/2 R4l 10 27.9+4.7 1707350
il 10 27.3+3.1 1 694+322

T TROR G IE R IR, P < 0.05
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H 6 4 WL, 5 0E X BR2H G, A AU X IR 21
W EA R T SOs FhFE RS (P<0.05) , U WA 2 3 1) £
A IE SRR AT o SRR IR LA L, &2 i 4

e TFR 5 IE N IR 4 LB, P<0.05 3 Fe s SR IR 40 LB, P<
0.05
2.3 0 LA AR Sk 4R BE ) S 0

6 WoR AR 1/2.1/4.1/8.1/16 F1 1/32
JEC TR AR FELO LA A 24 b, MTT K6 0 45 31, 5 1E
FOORRLAR L, 1/8 .1/16 F1 1/32 J5 ik Ab B 4H B 41 i
TG VT 0 M 22 S, Bl 52 il b BV R Y 1
20 0355 S TR ARG 5 1/2 1 1/ 4 B0V A B T I 4 o
O WLAH M35 M (P<0.05) o I, 7EJR 2252 50 | i
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B0 1/8.1/16 F1 1/32 J50 3 i 4b B .0 JJL 20 Jify
30 min Ji7 , 2L 4 mmol/L % — W5 MR M AL 38, 24 h
Jo R MTT B0 5 45 AR A s v, i 7 45 R
TN 5 IE RO B A L 7 0 R A 3 P O
JUL2H0 B % M (P<0. 05) , 1 FH 5t A 4t A 780 e A2 1l 1)
B SR 20 LR B A SV BE R BS o0
JUL 40 e 355 P % ARG, E 1/32 JRR A B AL T — 5
TR % fife o LA BE 1 48345

i 3k 60 LA A E T W LDH T PR A A I,
#* 8 A5 N, 5 IEH X BALAH Eb % 0 R #h
Al 5 Az i 40 i LDH 3% % B 3% T (P<0.05) , 3%
W ke 4o 4 i A R S 1) 5 g TR AR L 2 L B, 1/8
JE VAL #EZH 1Y) LDH 3% P b 25 B I (P<0. 05) .

ZE LR HAWEE N 1/32 JR A 1/8 J5 1)
Ay Ak B R A LA B, R EE A R
B S B0 40 TS P AR LD 35 Mk T v o AT —
FEMEMAIEN . X —45 R WitR, 2w A it
B JIL 200 i g5He 1 A 403 18 B i

226 U LA ML I 1) 52 3 5

Table 6 Cardiomyocyte activity test results

215 ODfH
1EH X R 0.396+0.018
1/32 R Ab P2 0.450+0.057
1/16 JF AL PR 0.408+0.114
1/8 JF W A 4 0.355+0.045
1/4 [ WAL PR 0.204+0.015%

1/2 R A 32
T RN 5 RO IR g, P<0.05
227 U LN A G SRS AR I 1 ) S G 4 AR

Table 7 Test results of activity in cardiomyocyte

0.014+0.013*

hypoxia model

219 ODf

1E 6} B 40 0.352+0.012
i R AR 20 0.211+0.011%*
1/32 JE i Ak B4 0.234+0.012
1/16 JF AL P4 0.197+0.019
1/8 J5L i A ¥R 4L 0.186+0.012

L TFROR 5 EH 6 R4 L, P<0.05

F 8 U VLN i R Y LDH 3% P Y S 36 45 2R
Table 8 Test results of LDH activity in cardiomyocyte

hypoxia model

21 5 oD i LDH(IU/L)
1E 6 HR 20 0.375+0.019 0.889+0.048
Tl 4 B AR 2 0.728+0.011 1.772+0.029%
1/32 J5 i b PR 0.81320.01 1.985+0.024
1/16 J5 i Ak FR 0.753+0.014 1.835+0.035

1/8 JF AL F 0.529+0.005 1.275+0.013"
W TFROR S IE X A H B, P<0.05 ;PR 5 B A R A T B, P<
0.05
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