2022 48 A rh [ S2 I S 4R August 2022
$£3086 Ha4l ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 30 No.

WRK % 097 4. RIEIRZE SISt s g ie [J]. S sh P, 2022, 30(4) : 582-588.
Chen T, Hu Q, Shi Z, et al. A review of space animal experiments conducted by the United States [ J]. Acta Lab Anim Sci Sin,
2022, 30(4) . 582-588.

Doi;: 10. 3969/j. issn. 1005-4847. 2022. 04. 018

2 [E K25 3h W) S5 it 53 ke D 1

AR B R, RE) Y xR

(1 A6 TAb K= S A A A8B , LAt 10012452, M R 25 K%, Kb 4102083 #EIL 2%, 7 B2 066004
4. P ERLR SR oo AR TR E S SIS, bt 100094 ;5. 40 E BE 2Rl b 25 A Y se i, bt 100193)

[FE] KT R A WL REN T A R, — E SR, K2 shil S g MR R Bk
YIRLE LR IR BT o 12 A LG KOs Sh AR, SRR R A T Rk R ROl T B STk, ASCEELERT 20
LR LI, 55 R FE K25 R W AT S Bl S 6 0 % J D R R 9 SR, R 0 R B TR A K 25 B se i it 5 %,

[RgA] RE; K= ER; YT REE

[HE5ES] Q95-33 [TERHRIEAEE) A [XEHES] 1005-4847 (2022) 04-0582-07

A review of space animal experiments conducted by the United States

CHEN Tian', HU Qin'*, SHI Zhe, LIU Bin’, CHEN Shanguang*, LIU Xinmin®*

(1. Faculty of Environment and Life, Beijing University of Technology, Beijing 100124, China. 2. Hunan University

of Chinese Medicine, Changsha 410208. 3. Yanshan University, Qinhuangdao 066004. 4. China Manned Space Engineering Office,

Beijing 100094. 5. Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences, Beijing 100193)
Corresponding author; HU Qin. E-mail: hq07616@ bjut. edu. cn; LIU Xinmin. E-mail; liuxinmin@ hotmail. com

[ Abstract]  Space animal experiments are an important component of space-related life science research. Space
animal experiments have made an important contribution to the exploration of life and to our understanding of how organisms
from Earth adapt to space, while supporting the sustainability of human spaceflight. The Chinese space station has achieved
in-orbit operation and will imminently carry out large-scale biological experiments. Here, we review the history of rodent
experiments conducted in space by the United States since the 20th century, thereby providing a reference for China’ s
future space animal experiments.
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RAHF # %t th ¥ 3¢ A 75 5 3 =5 [|) 2+
(Lockheed Missiles Space Company, LMSC) & NASA
I, 3 F 1985 4R 5 AR 25 ) 5L 6 AR 553
(Spacelab-3/STS-51b) HiE4T TREVEAL , e Wl A Y
RAHF BB A7 AR RO TS Y A 3l ) Ok i ke 25
MR, 283k NASA Ames #f & FF.0> (ARC) F1 LMSC
ONEITE T et JE 7E 28 (8] 52 56 AT 55-1 ( Space Life
Science-1/STS-40) 4 55 o & Y fli 1l T RAHF, 1it
J& ,RAHF $hAT T 2 WK 28 S50 % A i B 7 AT 55,
1998 4Fi % % 0] S48 2 ( Spacelab, SL) ZHFRE £,
FEICHGHE B RAHF BEA7 28 [ R} 528

AEM TR G2 H ARC HUOF & ) —Ff g 14 3h
Yl s, T 5 A0 R TR R Hh 2 i ) R AR B AR
B, I TR IR RS AR B RE OK R G Z
TATRMBRI RSG5, AEM R4 T 1983 477 KR
K&, #UEF] 2014 4F | [FE BR2s [E] v (International Space
Station, 1SS ) _F- F) 2 4 5 %6 36 % S (L I AEM Al
AEM-X HEAT, AEM B 283077 T 20 Z Ui K iz ffE
% (Space Transportation System,STS) . Bfi & i KX &
HLEFAR I &5 31, L5, NASA 5 R 2 Bl & s
( The Center for the Advancement of Science in Space,
CASIS) &1, 76 AEM ,AEM-T , AEM-E K4l = ik
RIFROM T RHHS 58, M 2014 4FJT 46 JH T4
NASA iz 36 Sy 8 [ Br s ) v . — 551 56 0 52 45 F
FER W] RHHS Xkt gh ¥y A= 47 Jc T e 52 0, I+ T
Z RS- o 72450 1k, NASA {fiH RHHS
EPATZUCEHES Y)Y AT S0 5, EEER Sl
PN IV

1 EYKRERE

1.1 W55 30 ¥ & 3 47 5% 1% 58 ( rodent research
animal holding facility , RAHF)

RAHF J&— 0y H T3 (8] 52 50 % 1) 2 DI Re 3 )
AT OREER ST, 1 7 A AT AL, A 45 Wi 4 2 1)
FRIE A IR AL PR B A AR B8 (environmental
control system, ECS) /K . H, JJ R AR R s
T FRIEREHR AT R 12 S mE e FR G FR ik 24 1
Wk A R S W iR 3R A AL B oK IR TS G
P B, Forh R A SR T AN ] SR 2 RO
Y, SRS AT O R B A A A i AR AN
AR ) 1t ) % G 0 TS L ) Ak B O 2
JZEYELERS  ANZE R 150 wm FLAR BGASEE B T 410
il 22 A AR R AR B R B, T Y Ak B B P

HEME A A 25 TR 5 48 ECS RguusE . /Kt
NS 9.5 LK FEAFAEKEER) T SEAR e e 2 v,
HL ) BRI AR ] FR 5 R s L B4 4R (Upper
Electronics Box, UEB) Fl ik & B 7 X % 5 ( Low
Electronics Box, LEB) ¥, -1 #9 RAHF (1) A 4
BOTTEMH 38R 7 2 A F 2. 1 M)
Bt i e M s Y R % . G S RAHF A3
T T Sy 35 G Xk [E AR SUASE Frg Rz B R B 3 6 Bl
WAL ( Single-Pass Auxiliary Fan, SPAF) 2 H T4
BhHERR IS YY), IS, RAHF 16 SL il STS-40/58/89
LTS5 S T R R AE /N, IR e R
ARk A R s Y

1.2  Zh# B+ 44 ( animal enclosure module,
AEM)

AEM Z—~ A — R IG5 KBRS
A4~ AEM % B A58 6 H 250 o (RE AR (5K 20
HUNRD) o BEAh, B> AEM B A7 a] 38 i b A, 23 25
R 2 APRST X B, AEM %< ] Sh 3l 4 B At LAY
JERE IR AR K I 45 i 25 R0 i R R W) 4
AEM 2 &0 e K MshY i) B E #4227, 2 ke,
G KFELE IS 5 T AR Y 645 em®, AEM i%
T LT g 28 R fe e ] E 4 3h
PR WANHEM Y R G BB . HAh AEM 2% 8 4 )4
SR FH PR AR BT T S 4Tz | 348 w] %of oA 7 547 0L
SERRAR' ), AE L SE Rl b TF M A9 AEM-T A
AEM-E SR H] T8 <7 (R AT DLUZH 26 R A 454
AEM-T i Z W] 35 10 H/NR, GRSt i K il
R G R RIS RAS B AEM-E #5561 3R 50 mT $2 44t
AR AR AR AR S T RE AR A el
BHCCIRERME, AEM HFRIBSEE 52 T 26 Wi
S AR T RATIG R 7~ 30 d B IR BRI
B, 2R [ it i A 0 1 G B BE | I BE R M 2 R G A
Fibr . Wade 2517 800 T 15 YR ZS LB K FUA
H BRI A MUK &R, RATRRZ N [E A 4
~ 17 d AN SLRZERLR W] E AEM (R FR AR K
B 55 b TET X R ZEL AR LY, AR | R B AR ROK &=
HIE B E V2. Moyer %5 ZEH I ] AEM 17
FEfe, KB AEM 28 ] 308 12 HU/NVEREL 6 HIR
1) 35 d KBRS
1.3 M5i& 3 &£ S 4 R % ( the rodent habitat
hardware system, RHHS)

RHHS J2#£ AEM 1 S aih I o it i o, 2840
i . N ERIZ 7% 28 25 [0) 0 19 e | 3] 3k 25 [A)



584 [ LR B AR 2022 4F 8 45 30 %55 4 1 Acta Lab Anim Sci Sin, August 2022, Vol. 30, No. 4

IR I (AT 311 ) DA 3 i 24 B A% 0 A S b B 5T 1Y B
S//EERIERE TR D NE /Y e N g 1 sl ol L RS B K ]
HHEiEk , RHHS R Z Al 4490 10 H/NHE 5 ~ 6
HR R, #A4> RHHS BT &85k &8 M iR
MBIV 25 | 16 LED 21 40 BE B F1K B ) R SR 2
JE#% . RHHS T 2014 4F 5 IRTE SpaceX-4 I & 47f
WA, FEAS T A 1A H B s A
PEREFNIRAE BT AT & 75 R 25 #E4T sh ) S 30 i 98 1
K, S CIHRET 20 2R W23 (rodent
research, RR) 5%, M RR5 AT 55 i, RHHS
M T ZI1RE X 18 %5 & (enrichment hut) , FE H A
BRI B, AT T 3 W B AR A AT O, LASD 3l )
ARG i 71

2 KBERITX S A IR T RE R 22

2.1 BEBERGINEE

IR RAT XS e R G RERY R, 1993
AETE STS-58/SLS-2 AT H , XFHEME SD K B Ay fEL N
HHEHLMF R, AT R EUE T 415 F NK 41 A
TEVEREAR, IL-1  1L-2 ' TNF-o 2540 ifd 5 7 3R 3K T B,
2 W 40 0 G 2 S P ) IR I b AT 14 d 53 43Pk
20 2001 4F Gridley %5 7£ STS-108 K A7 H 4 IF

& CSTBL/6) /NRLIZHG, 45 R A B, /NRZ 12 d i
K RATIERE TR 10% ~ 12% , [P i 5 4 35 0
FEAR, NEUE B CD25" IR TV 4 M CD25" FH R 4
Marh CD3* T 400 NK1. 1* 40 My Fe 45 | T, CD71 %
KR, TFN-y IL-2 1 TL-4 F35 R, 20 40 Fn
JIIRANY %@l A 11 O (AN TR N AR o T A
ZIYH L )T R, 26 B AR B KRR L, 2007 4
Baqai %' 7E STS-118 WAT{ES F I T Wi 13 d
) C57BL/6NTac /MR ZS ®ATSC S, 45 R o ©AT
ZH /0N U 48 T X B A R o R S e T U
> RLIRR L 20 | BELAZ AN | I 4 R b e 2
0 LPS VI 40 B 43 04 1L-6 A IL-10 %3
Haom, S AL R A o6 L R R G B, 2011 4,
Gridley 451" F STS-135 fiii K &ATH K CSTBL/6 /)y
FUET AME @ F o H, ©17 13 d J5iR I, 458 %
B, M TR HECZE AR B, AT /N LR RN R T R G
G RS S (ELD R A RURE T R R
Xof /N B IR ZH 2R % TUNEL S8 B oR |, RAT2H /N B
JRZ0ME DNA Wigdsit £ o seah, AT/ BUK IR 4140
T 41 ) B8 A RE AH O 3 R 238 5 0 IR AR A
WS DL SR A5 R R IR AT B R
RPEDIRE, TR REREFH (WE L),

1 iR RITXH e R G IEE S0

Table 1 Effects of space flight on immune system

CATHESS {ETAOE 3 WIS R
Flying commission Species Result
- T T 20 NK 4036 PR, TL-1 1L-2 ' TNF-o 20800 7335 F Rl
STS-58 R; The activities of spleen T cells and NK cells decreased, and IL-1, IL-2 and TNF-a.
The expression of cytokines decreased!”]
R 5 1L-2 Fl [L-4 353k T prlio]
STS-108/UF-1 /NB TR TR, IL-2 Fl 1L-4 F3K T -
Mouse Weight loss, IL-2 and IL-4 expression decreased
MR JFF ML 5 S0/ , Rt L 0B A A L 5 AT A e 4 w0
STS-118 . The mass of liver, spleen and thymus decreased significantly, and the spleen lymphocytes,
Mouse 11
monocytes, macrophages and neutrophils decreased significantly[ !
- AR BRI R R
o Mouse Spleen mass and relative organ mass decreased significantly"'?’

2.2 MHBRRZSRIEINRE

1993 4, NASA 4 )5 JF @ 1 25 Al A= i B2 S0 5
SIS-1/STS40 #i1 SLS-2/STS-58 ( WL 2) , Ross %'
WFFE B R EE 2R 1 11 25 5 40 i A 47 D 28 i 5
Aoy, HEZ S ) BAE G, IR IR 2 il
AYBG I R EA R AR, HLAE STS-90 ®ATINEE 2,14
K, Fisher344 KRN H4 L, 25/ KW, L
AT 35PN B 4 IR 5% A e DR, 7 S
HeFFREE 1994 4EA 1995 4 NIH 5 NASA BEATT

JEE T P B AT (STS-66 F1 STS-72) , LI
SR RATRFT AR 2 A 2k 5 B, 25
FIBFFE SD 22 B (T RATHE] 429 d ~ 4220 d,22 11 d
~ 220 d) BT ARG B, A5 R o SO0 BREH AR EL
A= 4y BRI IE S S 4ESR | 70° BT AU S50 H B0 B ik
G2 A, B s T K TRAT 52 W R AR 4 BURY BT E 2D
AT, 1998 4R, fE STS-90 K AT L 55,
Pompeiano %5 BFSE T Fisher 344 K B 2H 21 B %1
FIHFE (immediate early gene, IEG) A ik 15 &,
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1EG 3 5 7E P 20 41 27 2 RS 7 B 3635, 25 1
NERSTE 1 d BRI 1 d, S5 A,
KATZH K BT RE X 8 TEG 3 P2 ) FOS &
FRA 25 [ FEME 40 o 0t W #5140 . Holstein 2517 4
STS-90 KATAE45H %} Fisher344 K BLEY ki 2H 4L k47
THHgE., SXIRAM T, K% ®I7 24 h 5, KRE/D
G T S A L R AR 0 G K S5 4y R A R
MR . 2017 4F SpaceX-12 KATHT, Mao 258 BF 5%
T /N B 5 B G R R, 285 35 d A9 RAT R, /DR
MR E AT RGN, B A 1 Z20-1 FIB AL, M4
PN F 20 B85 Rl PECAM-1 F 25, 1L i J5f I 114 5%
BPERREIN . DL ER I, KA AT & i E R
MERG KB MG,
2.3 BRI AIHEE

1985 4F  7£ STS-51B/SL-3 KATAT 45 45 % )5 %)
SD KEEAT T 2 W B 78 (W3 3) , 45 R B
7 d B ZS AT R w400 ] AR SR Al A A1k, RAT
J5 12 h, BRAIMEES A BOGERE ", KBS E
Frad b B R R R R A, 1989
A AE AW 7 d Y STS-29 K&t KT k5, Kirchen
A G IR UM B AR T S, LA T AR 1 il
BN, Zerath %12 %} STS-78 RATAE 55 %
ZRAY SD HEbE K BRI 7E K BLALEE 77 51 1Y B K
P 5 N IRPERE B2 B R 1 /- W B3, 7E STS-131
(915 d KATZE R , Zhang 25 % 3R AT /N BB 10
HARFUE I, 387 T T g 5 | S )V A 43 A 1T e
FESRAFRG AR SRR . 7E STS-90 155 1, Fejtek
ZEPURT Adams 25y BIRFSE T ORATRE R BRLIA &
BRI, 25 5 R 5 1 i BE 2 A L, AT R R
HEEL LA NREL LET 2 e 1 AR b 25 R B, I A
WTE & ARk, $Em K2 ©AT & 5 508 B LR Sb

RUNLZESE (A R L E PR AL) . R
FIEHE KB B AR S, K yiE IR
AR R, AR ERS R 1T RARKE T
(insulin-like growth factors-1,IGF-1) ik T [, 1 Y
JILEK 2 H #8% ( myosin heavy chain, MHC ) 3 [K 3% &
TR, ZERFBVE N T LB YRR ERK K&
PLE I GBS Rk 2 CHE, 7F SpaceX-4
(2014) F1 SpaceX-10(2019) &t J5 , %F C57BL/6 N
NI R B, B A TR A AT (14 ~ 33 d) AT
EH R EMNAE B R, 5 a8 U -5 A 5
)22 5 A5 5l B o 2E . A, S5 AR R /N B L (9
Ji) AR /ANER (32 J]) i i A< B i 2 HOANTA]
T AR AR —
2.4 HURSEMMEINIRE

Rabot %5'*) ¥£ SLS-1/STS-40 F1 SLS-2/STS-58
1255 g R 23 RAT X SD K B 38 R0 9 5 i
S IRAE 9 d A 14 d MRS AT, KBRS A (g
FERBUERE . 7E SLS-1 RAT)E, K WU I8 46 4 I8
F% ( short-chain fatty acids, SCFA) 3470, /N iz A1 BT
Bt HOIK B & 7% B2 B8 ( glutathione S-transferase ,
GST) ¥4 Jm, #£ SLS-2 &A7 , K B 4H L € 2 il
CYP450 . E AL, B M WA Y R 1k, SCFA ¢
I PR AR D, Bk R 2 RAT SR B A
YIRS, PTREBA 45 W b Bz 4 M 1) T8 285 Fn 1
fig, A AN PRI R 48, 1996 4, Hatton %51
FE STS-80 L iEAT T o0 #1 18 d WY H & % & I /&
(SHR) KESM 5, IF T AT R F IR RATR €
AR Il He K i 28 B R 77 3l Bk 2 6E 1 52 e, S5 36 435
SRERT MUK AT A AR My 2 5 A B R 32 H R
FHORATAL K B 2 BBk P B AR 2 R 44 ot 784
P45 D) e i, Behnke %51 #E STS-131(15 d) |

T2 IR AT P R G R EE ) RE Y520

Table 2 Effects of space flight on vestibule and nervous system

RATESS WX 5 Wocsh
Flying commission Species Result
STS-90 PN P B AR 2 f 5 T ke o
Rat The number of banded synapses in the inner ear increased rapidlyLlsJ
_ K BERRBRSEY
o Rat The frequency of righting reaction is low '
STS.72 PN L RUBHIE S B3R, 700 Z0 7 ALSE 06 B0 s 2 )
Rat The righting reflex of young rats was delayed, and bradycardia occurred in the 70° upright tilt test' 1%
<1500 N JRUBZELSUH Fos 1 F FRA 2 F1FIPEADIIECRL 01
Rat The number of Fos protein and FRA protein positive cells in rat brain increased! %’
STS-90 PN Purkinje 41IZRRHAR B35 Bk 450 00 T RS & A T
Rat The mitochondria of Purkinje cells increased significantly and the molecular layer structure of nodules changed[m
ANEL 70-1 Bk, PECAM-1 F+5 , ¥ 2y -1t fm 1™
SpaceX-12

Mouse 70-1 decreased, PECAM-1 increased and hippocampal apoptosis increasec

1[181




586 rPE S2E0 S A4 2022 4F 8 H 45 30 455 4 1 Acta Lab Anim Sci Sin, August 2022, Vol. 30, No. 4

STS-133(13 d) F1 STS-135(13 d) fE 5 #F5Efi K &
F1XF C57BL/6 F1 BALB/cJ Wi /N U 28 55 11045 2
REsCIn, 45 o, 5 T X B ALAE He, iR R AT
/I B 28 F5E 0 Jk R e kI 65 A 4 B g 461473 , FEAIL A
Al fiE 5 Ryanodine 52 1A A3 1 L P9 8% 25+ B il A
¥, 2013 4E | Taylor %5 1E STS-135 1£: 45 s BF 52 i
KRATXT C57TBL/6 /N UG L4 I RERE ), 245 R 7R
/N BN 3 ik LI AC 46 2 1o R ARG, i 3 Jok B K L A% 34
T HE R TR AT T REIE S R T (LR 4) |
2.5 BHWIEEITAINEE

FERZS RATHY, WAL T A [R] 1) 1) 52 B0 45 v
WYE RAHF R4, KM IR HAE T B ISR
RS, MTE AEM WFEAE T, KBRS, 5
B2 6] B 3l 5 ) S i I B 22 [0 A7y B4

R IE, sl 4T R 1T RE A2 31k F5 20 858 4] SR AR 21 5%
FEEFRIE . ZELATERY RAHF 1 AEM (835 RS,
L] A0 Ak ) BR R Bl 0 0 SR AT R, 2011 AR FE
SpaceX-4 fiil K ®ATH FF Ry RR-1 BF5E i T
RHHS 1 #& & 8¢, X} 30 H /N EL (C57BL/6J M KL
C57BL/6Ntac #fEPE/IN U MuRF1 35 R 8Bk /s B4
10 FO) T T WSS RATHTIE XN &
YIRKGHEAT AR TR, 245 5 BAR 3 Mm% HR 4,
AT /NI £ AR OK B /b | (R AR T B B A
Ao 38T A ER 5 Sk X /N BRU ) Bl iy LR AT SR (1
0e GEBN, AL KA ) 5 A B (R B AR B
TRk MEMWESE) HEAT 24 h PUBOWEE . 4558 o
TRATEH /N BURH X M 1 X R 2H )N B A% B s ] 1
T 60% /8 {ILAELE KA B 35 TR, HET

R3O URCATXEAEFILA D BE R R

Table 3 Effects of space flight on muscle and bone system

TS WIEXH EhEE S
Flying commission Species Result
st K LB, T PR Rk
Rat Osteoblast differentiation was inhibited, and the recovery was slow or no after ﬂight[lg]
Je B Jit R RO A B T BN SR AR 5 , s T
STS-51b Rath The content of osteocalcin in humerus and vertebrae decreased, bone mineralization and
collagen metabolism were damaged, and bone strength decreased 2’
& B Rk g e 21
. KR spRER
Rat Slow cartilage formation"~
S KA BUR B B0 ALP A0 N
Rat Bone volume decreased, bone volume decreased, ALP* cells decreased'?’
i A A ey (23
_ N KB
Mouse Increased skull volume
- K LRSI 3E 7
o Rat Atrophy of rectus abdominis and external oblique muscle!2*
STS-90 PN BB KR 35 SR 1 MHC IR 505 1 R RG>
Rat Skeletal muscle grew slowly and the expression of MHC gene family of exercise protein decreased >
— ML PERGILAIL TG | T W, 6
pace Mouse Skeletal muscle and bone loss, weight loss, multiple gene pathways change[%]
SpaceX.4 /NE 32 JE/INBUINE: BB AR AR LE 9 /N R 35 T
pac Mouse The changes of trabecular and cortical bone in 32 week mice were more significant than that in 9 week mice!?”)
R4 MUK AL RGN DIRER R
Table 4 Effects of space flight on intestinal and vascular system
TS IR 5 WA R
Flying commission Species Result
S1S.1/S1S.9 PN SCFA S ANERIEAR, GST 4, Ak 4 i 2
’ ’ Rat SCFA increased or decreased, GST increased and goblet cells decreased!?®!
STS-80 pNE ¥ ZR IS5l ke 4 T RE 24> )
o Rat Impaired systolic and diastolic function of mesenteric artery[zg'
= 2R A s Th R et [30]
3L 133138 AN BRI "
Mouse Impaired mesenteric vasoconstriction
AN LB P 2 B B s s

STS-135

. . . . . . 31
Mouse Myogenic vasoconstriction decreased and the maximum diameter of cerebral artery increased !/
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32 JA/NER 16 JE/NRRAERL 7 ~ 10 d JRIRE IR
MRS, EY AR 1.16 ~ 1.82 m/s JWHEN,
PR A 1 0 PB4 7 A, I I 25 I [R) A 384 i AR Bl 4R A
FroRtP

3 NG

K23 ) S50 R R GEAR R AR AT X AR S
HAth A= RG 2 g 178 K 5THk, S E NASA
LA R Z2 W R Sh I K AT 32 5, 3R W]
LR AT XS W 2L S By AL ) B 5 | B o0 I A
M RGEF A B EZ W, LAk, NASA 3k
FHZ P R R sh 4, i R C AT 5 R iy 8 &L
FE A A I R T A BT, (HE T3
Vgt AEBUET [R] Bl W) AR A DR B B WAk B R
SRR R To s AT KA A BRI W, e Ah, Hl
T SRS (] 0 BRI, A xfE LU SR A K IR 58 X sh 47
R ARG TR SR o B ARSI R R
[ ARl Sc s b A 75 B — R R
WEET, oW b B B AR A AL TR 9T, 28 6 o0
FR AR ) A 23 I A X By i 48 g AT
R 2 RV RER I
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