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[ Abstract]  Animal experiments have always been an important component of space exploration. Since the 20th
century, the former Soviet Union and Russia have achieved major advances in the human space industry, which would not
have been possible without the knowledge gained from animal experiments. Animal experiments were initially used to
evaluate the possibility of humankind exploring space. “ Animal astronauts” were sent into space as the “pioneers” of
human space exploration. Such events were milestones in the development of the aerospace industry and greatly contributed
to the construction of crewed spacecraft and space stations. This article reviews the development of space animal
experiments in the former Soviet Union and Russia since the 20th century.
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Table 1 Publicly reported space bio-loading situations in the Soviet Union and Russia

KREFGYTINBL HFRLR
Phase of space Animal
animal experiments subject

USRS H
AP T) (4F)
Launch time (Years)

SLIARIEERAR A

Launch vehicle

i

Animal information

%S EPUESIY)
LRI K
High-altitude or suborbital

. . Dogs
animal experiment
rehearsal phase
X
Dogs
E8
Domestic
rabbits
BN K
S THE B -
Low-earth Rats
orbit animal
experiment
rehearsal phase
N
Mice
Cavy
I EERIEY]
Reptiles
2N
Insects
NERCIE /3

Rhesus monkey

REAEHEY)

BRI B
Space on-orbit bio-loading KR
experiment phase Rats

1951 ~ 1957

1957

1958 ~ 1960

1960 ~ 1966

1959

1960

1960

1960

1961

1960

1961

1968

1969

1961

1968

1983 ~ 1996

1973 ~ 1982

1975 ~ 1989

1983

R-1.R-2 251K
R-1, R-2 series rockets

Sputnik (F(H) -2 /R-7 K #ite]
Sputnik-2/R-7 rockets

R-5A R-2A \R-7 K¢
R-5A, R-2A, R-7 rockets

R-7 ‘K7 ; Vostok
(% J7)-3/Koemoc (FH) -
110 TR /AR
R-7 rocket. Voskho-
3/Cosmos-110 Sputnik
satellite spacecraft

At
Unknown

Sputnik-5 TLE kAL 7
Sputnik-5 satellite spcecraft

Sputnik-5 TR
Sputnik-5 satellite spacecraft

Sputnik-6 TR KRS
Sputnik-6 satellite spacecraft

Sputnik-9 TR
Sputnik-9 satellite spacecraft
Sputnik-5 TRk
Sputnik-5 satellite spacecraft
Sputnik-6 LR KA
Sputnik-6 satellite spacecraft

Sputnik-9 TR KR
Sputnik-9 satellite spacecraft

Zond-5 £ 6]
Zond-5 detectors

Zond-7 FZS )
Zond-7 detectors

Sputnik-5 TR
Sputnik-5 satellite spacecraft

Vostok-2 Sputnik TLAE Kt
Voskhod-2 Sputnik satellite spacecraft

Zond-5 FEE
Zond-5 detectors

Bion 6-11 A4 TLEL®

Bion 6-11 biosatellites

Kocmoc-605 690 936 1129 5
tt%ﬂt‘?‘?m'l}l”
Cosmos-605 690,936 .1129 biosatellite

Kocmoc-782 1667 1887 2044 |
1669 44 T2 Rocmoc- 166961521

Cosmos-782 1667 1887 .,2044

1669 biosatellite ; Rocmoc-1669

Kocmoc-1514 A= 162
Cosmos-1514 biosatellite

20 (KM 3 )RR 2 HR
20 times (failed 3 times), 2 dogs at a time

MfE, TTaiixa
Female, Jlaiika

AR 10 ORI 1)) R 2 AR

Not in orbit 10 times, failed 1 time, 2 dogs at a time

PuB T 7 (R 2 W),
HK L~ 2 HR
In orbit 7 times, failed 2 times,
1 ~ 2 dogs at a time

2B T H
2 times, 2 rabbits at a time

2 HORRR
2 rats

ARA

Unknown

40 ~ 42 FURNR
40 ~ 42 mice

ARA

Unknown

2 HRiJsife
2 prairie turtles
4 Hifpfp,
4 turtles
15 i
15 vials of fruit flies
e
Wine flies
257> D-32 ZRERMTR ARG
257 the D-32 Drosophila melanogaster eggs
6 I, AR 2
6 time, 2 monkeys at a time, Macaca mulatta

S 45,30,30,30 RKER
Carried 45, 30, 30, 30 rats respectively

SPF 2 Wistar K,
SPF-Wistar rats

10 2L SPF 4 Wistar Z# il
10 pregnant SPF-Wistar rats
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Ko IRRTE WU SRR U "
Phase of space Animal KR (4E) *Eﬁﬂﬁ:@ﬁﬁﬁi . Zj]%lﬁﬁd .
. . . . . Launch vehicle Animal information
animal experiments subject Launch time (Years)
2007 Foton-M3 FHJF 13 122 HUEHES AP R
VR Foton-M3 research satellite 35 male Mongolian gerbils
Gerbils 013 Bion-M1 A4 1L 8 HEEH IR
Bion-M1 biosatellite 8 Mongolian gerbils
013 Bion-M1 A4 TV 27 5 HUERE CSTBL/6
NG Bion-M1 biosatellite 45 male C57BL/6 mice
Mice 017 FE s [l 2 7 e 28] 21 ~ 24 d C57BL/6] /MR
The Russian Segment of the ISS 21 ~ 24 d C57BL/6] mice
1979 Kocmoc- 1129 A TLEE 62 HABS PSR
S Cosmos-1129 Bion-5 biosatellite Japanese quail eggs
Bird species 1 00 ~ 1999 PP o0 8 YOI I Ak
“Mir” space station 8 successful hatchings of Japanese quail
Foton-M2 Foton-M3  Bion-M1 Bl .
2005 ~ 2013 ‘DE[;).ZZ.?S] Fotolan2 AEE5,5,15 HUEHERER
175 - e Carried 5 ick-toed geckos respective
et 54 Foton-M3, Bion-M1 research satellite artied 3,5, 15 thick-toed geckos respectively
Crawler
2014 Foton-M4 BHF 1) SUSFTRERS
Foton-M4 research satellite 5 diurnal geckos, Phelsuma ornata
1971 HRHE-10 AR T
Soyuz-10 space shuttle Frogs, Rana temporaria
IS IR AL ARSI KHT 5 IR,
: 1[30] f
1975 ~ 1993 Bion-10 32 BN '
Soyuz, Soyuz-Salyut Xenopus laevis
series rockets 5 times, Bion-10 biosatellite
“%ﬂ“m*l‘mﬁa?ﬁ? 6 R
= 1990
L] “Mir” space station 6 Frogs, Litoria caemlea
Amphibians [3657] " )
~ ion- 36-31] =K 7%
ARZEAEAAA) 1992 ~ 1998 Ko(c;:sorflozig;gl(];rilorlll 11:1'5%]5%1'[ Adult iﬂi&ilzjﬁz;eis waltl
BB — e ‘
Space on-orbit 1996 ~ 1999 I s A ) LYelHNEN [N
bio-loading “Mir” space station Newts embryos, Pleurodeles waltl
ent phas ] ) N
expertment phase 2005 ~ 2007 Foton-M2 Foton-M3 FHJ 11 %) FRAER ZEME
Foton-M2, Foton-M3 research satellite Pleurodeles waltl
10741077 I AR 3 U S
Soyuz, Soyuz-Salyut series rockets 3 times Zebrafish , Brachidanio rerio
a2 1975 Kocmoc-782 A4y TLE 04 i b
Fish Cosmos-782 biosatellite Killifish eggs, Fundulus heteroclitus
1987 Kocmoc-1887 A4 T (41 BRI R S
Cosmos- 1887 biosatellite Algo-bacterial cenosis-fish system
007 Foton-M3 RHJ 1124 26 &Pyt
Foton-M3 research satellite 26 Tilapia larvae, Oreochromis mossambicus
Coros ( k#%5) 10, Kocmoc-573
s N o
Bl 1971 ~ 1979 782.936.,1129 At TR Soyuz-10, Droso mzﬁfzﬁﬁﬁm wstor
Insects Cosmos-573, 782,936,129 satellites v €
2014 Foton-M4 B} V&2 (48] 5 =A% Canton S SJE 1 The third generation of
Foton-M4 research satellite Canton S, Drosophila melanogaster
2014 I B2 [l 2 i e S #AK Canton S JEIE A The fifth generation of
the Russian Segment of the ISS Canton S, Drosophila melanogaster
1992 Kocmoc-2229 A4 T[4 A
Cosmos-2229 biosatellite Silkworms, Bombyx mori L.
2007 Foton-M3 RHJ 112 Gy
Foton-M3 research satellite Macrobiotus richtersi
013 Bion-M1 4 LR HZeah
Bion-M1 biosatellite Crustaceans
LINESIEY] 2005 ~ 2014 Foton-M2 M3 I Bion-M1 FHJF TLE ™ [LoN RS LR
Mollusks Foton-M2, M3 and Bion-M1 research satellite Helix lucorum and Helix aspera
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(IM-02 ) & SR MM S 5100 ARy TR
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F B A S RGN IE G AF I 2E 5 ( refrigerator
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3.4 R1TEh(EEIR)
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GiGUR AR, 8 BEEAAT |9 SRARAUFINX G 5 AL B A T BE |2 A A
filbe /b 1)

B 1 Bion-M1 Al Foton-M4 B K HL 9206 A7
Note. A. Hardboard RSB with thick-toed geckos ( Bion-M1). B.
Oak RSB with omate day geckos ( Foton-M4). C. Thick-toed
gecko female. D. Ornate day gecko male. 1. Feedbox. 2. Water
bowl. 3. Heating zones. 4. Oak tubular shelter. 5. RSB wall. 6.
Ventilation and waste collection vents. 7. Textile laminate floors.
8. LEDs. 9. Video camera and a fan. Only the RSB for ornate day
geckos was equipped with feedbox and water bowl.

Figure 1 Research and support block (RSB) and
geckos for Bion-M1 and Foton-M4
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ZRik BB E Y 5 R SRR E R K F

HRAENW (Inflammatory bowel disease, IBD) f&— 2 PRI B FIXE L6 B0 018 M 38 S RE MR | Hoilh
PRAER R I A EIA TS R 55 o o 17 i Je At mT LA S B0 18 SR P e % 4 466 M 2 L W 1B
a4 . JLAEK IBD () R FHAE D ERAE 1 FF, k%] T 14/100 000, H AR FHAE I RAE R A, ok
H R E RO R A b B AR B o RO R 2 e R 5 Rl B 27 B B ATF 5 8 DA S 56 /) B A 28 0 gy
T X2 9 D, %k H TR IR AR DG AR MLERAE — 253, SCh B 310 A0 R PRI s i IR - 3 A0 4
T EEE 598 (Ulcerative colitis, UC) #5827 B ( Crohn’ s disease, CD) , i W) FEGIE S R I M IE R JE
M TS LR AL, H AT OC T M A R HLBR AT 5% T2 AR il S ) ey S R SE I R . A
T ISR B A Y v] 5 st 2y G IR i 18 2 I e i FVEABE R AR AR A I ERUE I IX R S
RAENIE TN R B VAR G

FEZLER T MEH B E RS T B i oy 28, B RGBT i AR AR sh , H v i 38 A0 B
TEMATE A SRR T R VR Bk 1 g R ML A4 v g 3 B 2k Wy i S RE AR T, B S A48 1 ] DA
FLA M R s 1 DU /N BRBAY | A 456 = Fp k2715 5 (DSS \TNBS Al 4R ) Fl—Fh i 2L 9115 3 (Ar I FR AT 1) 458
RY (RIS AT DU AN BRURSERY B AR 5 12 R B (35 S B RH DG HIL BN 1 7 SR SE , I S R TR A
WAL B . )5 EROT A Y X R 5 R N C R EE VA GIEHE X RS R
Z AN OC RN B E I PREROC R MRAH EAE I . 25 B A SCH Sert M s 19 4328 e F A 79
SEHEAT G, B SV IR e — AR i) 2 et B I 8L [T, 0T S AR Pk T i e 1 IR R JF R W
A5 AR AE s 14 R0 SR8 DD AR OG5 T 2 PR W s /) B HY  B) H T T A ) IX R KL S R
R DI DG , iy 2 Mo & s ML A TR AT 58 S SR

AT R K 36 T Sh B 5 5206 5 27 (9 30) Y HH ] (Animal Models and Experimental Medicine, 2022,
5(4): 311-322; https://doi. org/10. 1002/ame2. 12255)



