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Research progress on neurochemical responses within the brain under microgravity

HOU Li-Juan', ZHANG Yong-Qi', YANG Xin', CHEN Shan-Guang”*, MAO Lan-Qun**
(1 College of P.E. and Sports, Beijing Normal University, Beijing 100875, China; 2 National Key Laboratory of Human
Factors Engineering, China Astronaut Research and Training Center, Beijing 100094, China; 3 College of Chemistry,
Beijing Normal University, Beijing 100875, China)

Abstract: In 2023, China Tiangong space station was completed. It supplies an experiment platform for improving
scientific understanding of the universe and carrying out the space research. The brain, as the regulatory center
involved in cognitive function, was found to pursue adaptive changes in the special space environments to make
sure of the astronauts’ task finishing. Neurochemicals in the brain play a key regulatory role in the homeostasis, so
understanding their changes can supply theoretical support for astronaut health during future manned lunar landing
and deep space exploration. This paper reviewed experiment platforms for animal research in space station, the
response of neurochemicals in the brain, and analyzed the original theory of in vivo electrochemistry technique and
its future application, aiming to provide references for space brain science researching and new ideas for setting up
neurochemical technical platforms in China Space Station.

Key words: spatial microgravity; neurochemicals; brain; dopamine; in vivo electrochemistry
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2009 4F, EKFINiI KRS (Agenzia Spaziale Italiana,
ASD) Btk 1 dh i =0/ B (ZEAF ) RS (mice drawer
system, MDS), &7 HIK 2 KAT (100~150 d) XJH
W E g MY, JFF 2014 46 BN S IE K
23 S B I A B K 205 ——91 de 2011 4E, (%P
BT R & (Russian Federal Space Agency, RKA) ¥
D40 F AP R R B 2 45 (block obespecheniya soderzhaniya,
BOS) #£# T H sh b 44 L & Bion-M1 i k2%,
AT T ST/ NRIR A EH AT e 2014 4, NASA
o R G 5 3 W 1R 9% & 48 (rodent habitat hardware

20 R BN FT, R T 2 i A 2 A S
6 2016 4, HAF HITEHT 7T R ALK (Japan
Aerospace Exploration Agency, JAXA) Bt & H:Ad F 50
VLG —— 2 #E N LHE RS (multiple
artificial-gravity research system, MARS) #4177 AL
H M RN T AT, RIS A% 1
HUAEW)SEER it (centrifuge-equipped biological experiment
facility, CBEF)®" ; 2018 4F, fE% Ik K% kAT /)
SIS, SER T N L )R /N R A B AR bR )
%'—éﬁ [22] .

Andreev-Andrievskiy [\ 5145 T RKA & 1Y
Bion-M1 A=) TLE/NERAT N S25,  EL4E /N8 ) id B

system, RHHS) #t N fifi . 124 1k, RHHS 44T

A B ' g
BBV S :
WIE = Video cameras &
Cages illumination
¢ compartment
BHIR :
Main power R 4 '
Cages a f
- - MDS
FRGERG o = AR
Environment Control R&‘ﬁ;ﬁéli? - Ei“ - _\ MDS
/.Kﬁ e XSS — a8
Water tank ). $HR/IED —_— 5. - Y
» Camera/LLED - e — v K
el @R — Water tank
MARS PERid MR G
AR IR Waste filter
‘Temperature MARS ; compartment
Ll Front panel 4
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1 ARIFMEZEE NIl E R
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1983  NASA  AEM FEFI0 /R, 2 MBS X 3 SR A H AT 2 B A b 25 4 1983-2014

1985  NASA  RAHF #5802 Hx12 (/NG MU T ACURIER ) 0, 94 26 e [ 4 UL oy B 23 1985-1998
TE 4l B R LHES

1990 NASA  AAH BN T AP (ERUAE S ANEE FRAE N AR IR, VPR N AT 1990-2014
Pefh e, W 71 gFE IR, WIUTR R JI3R 5SS i PR s Y

2009  ESA MDS & e Haliaxt /N, BFVNRE. MEAE RS, BRIEXERS. THA 2009-2009
. WA RS WL Go g g 42 ) # ™

2011  RKA BOS X5 )N, BN ELAR98 mm. K200 mm g A A, BT LY —

2016  JAXA  MARS  AHEEI2/NR, QNS SERIG. RIS HEEE R0 A B OB, B 2016-2018
XA T8 X !

2014  NASA  RHHS  #[##I10H/MR, GificiiieE. @iEsoc. wa s 2014-%4
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PR, LR RTIat. Bk, T AR S ke A A
WS HEIAE AN . 25 a1k, HEBsh. #iET
AT 55 SE AE TR bR, X NEI Al B A5
N AT NAAANE AT TV, XA TONA
SRR WL USRI R B8 1 R AT PSR, .

RS AN A TR 2 ) it /N ) S 06 2 B e
Rtk AT 1R 45

2 ETZEHFEFRBMAHREUFMR
i) N B 52

19 P R e A S PSSR DR e % B T AR
R, semishz oo, Rl K E DLRREE B S IR DR .
Horpr, B AE RIS 5EEMAEE S i
TG BORA . #hlizsh a1 %) 5
fZUA ST B F A RGEE ARG H R
] 3 [ % A0 4% 2 B % (dopamine, DA). 1.2 {0 i
(5-hydroxytryptamine, 5-HT). £ Z B A1 £, 19 AH Bk 55
TEN IR 2L =P I T 22 Ui 5 9 B4R AH St
Tk
21 FRMABESUZYRERMARNOEENIE
I

HAETZAMEY A (Cosmos 936, Cosmos 1129,
Cosmos 2044 F1 Bion-M1) LA 2 NASA Neurolab I
Brr ()3t , O @R R AR T T /sl Pl A p
LAY e B TT, R EAEHLE DAL 5-HT K

WAHRIEE FR R T4 7 10 (£ 2), XANBFFRRT
AT NG o0 KIS M SR it 7 BRI S S
2.2 ZERRREIE RGN

DA J2& W% 2z B 1£ B8 2 R #21L B8 (tyrosine
hydroxylase, TH) ] T4 3,4- AR RN AR S
DN g ey E N o] 52 R sy A S K
JLASES -O- H 3L F2 1 (catechol-O-methyltransferase,
COMT). %84k A (monoamine oxidase A, MAOA)
A ALEE B (monoamine oxidase B, MAOB)( &
3)o M N DA $55 i % G55 R i SUCIR AR IE B . i
NGB TN PUE RS, XEIER S HiaghiE
Hil. ERE S m SN FThRE R BT,

1975 4F, B 25 BELE Cosmos782 A4 T A sp g
HRIER ML H] DA FH AU KA R Bk i 52 31 2%
HEIABE M, {HBf )5 Cosmos1129 A4 TL A2 SE4
ROUT Fe b 25 BB AR 2R S LA B KT PR AR B,
2013 4F, Bion-M1 AEH) TR S5 27 O 42 BT
T RATS T E OGSO B A OGO BB R R 3%
BN, AFECHERE TH. MAOA 1 COMT, X%
B % e 247 B o1 & e PRAS 5 A Bz ot vh g b
MAOA [FFE R FRIE R %, 2 TGP Ag e )& BT,
i DA 73 AR PRAIC, IR BRI & T 22 o0 %
wr kA, R Z s s {E Bt . Popova &
ik 18 K 7 AT AT AR 2 B % D1 32 44 (dopamine
receptor D1, DIDR) [R5 IA, (H45 2 % D2

R2 MR T RAREUFMRF IR

RIEAR LR RMIR A AT TEN(D) B FHIEFR bR SCHRAR IR
1975 Hi 77 B Cosmos 782 19.5 Wistar rats T EMNNA|. TH., DBHFIMAO|  Kvetnansky2&®
1983
1979 HI 75 BECosmos 1129 18.5 Wistar rats T Efisis-HT. DA Culman/Kvetnansky25?2"
1983/1985
1989 A 73 BcCosmos 2044 14 Wistar rats SURRFIETRRE L, FHarlEl, i3 Hyde2&™”
i G E BE R R 1992
GABAA
1998 Z&[ENeurolab 15 Fisher 344 rats i F B REF PR S5 49 Fost. Fra  PompeianoZ4F%*!
Mission STS-90 EAKF 2002/2004
2009 ISS 91 CS7BL/10 mice KM Rzt #. MRS Bt SantucciZs™
FBDNFHINGF & 47K 2012
2013 % WBion-M1 30 C57BL/6 mice  {EH43%/K°F, TPH2|. TH]. Popova/Naumenko/
5-HT|. DIDR|. D2DR BDNF|.  TsybkoZ**J
GDNF? 2015
2015 FIASTS-129/130 6 C. elegans DA|. D2DR| Sudevan4
2022

VE: NA, EFY LIRE; TH, BERZEICEE; DBH, £ EAE-B-#2{bEE; MAO, A fLEE; S-HT, HEEtlE; DA, £H
JliZ; GABAA, y-ZIETHEAN: Fos/Fra, HJZISE I )2 M08 1 BDNF/GDNF, #&3H 1 NGF, #h&4Kpr,
TPH2, (VHLF21LEF2; DIDR/D2DR, £ [E&D1/D252AR . S &ARL LI/ TR, KIFATHRC TR E R T2 .
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24K (dopamine receptor D2, D2DR) Fl1% 2 i %1z 4
BRI SRR R R A . HAHIR S AT 2 B
RGE PR RILHIF A —E R X R, 2K
AT R TSUIRAR AN RS IX I8, i T B B SUIR A
F B AR ISR T Re, SRR KR A AT
JEAT AT RE B E 5 DA WA 2% P, Sudevan
4 DO G 4 STS-129 J: -7 [ 3R 5 36f 2% s () DA 1R
B RS HEAT TRESE, RIS R B RS T
DA [k H D2DR 2 5H . HuGHF 7 M,
%G N 85T DA P2 TUIRBE ] 5 AR AR AT PRI A
E <A H R AR, (HIZ Bl 51 R DA & . A
R N RE 85 BUERMRAT bERE B, 84 2 IR
52 T AR ABAT AR B2 0B 7 X% RS
SO, o2 75 0] A N T RE 5 I T AR IS A R
1&% ﬁp’v [39- 42]

TR 2 B A RIS YR

2.3 HEEREEIIHE RGN

5-HT H 8 % 'R 75 £ %0 1R #2 A4 I (tryptophan
hydroxylase, TPH) fft N IE K 5- BRI, FHE 5-
PO TR MR LA R, o TPH 72 5-HT & ik
AR PR . S-HT R AE o i i 57 e, H
A G R R 5- 8 10 2 IR W Jd ok It i 5 %o 5-HT
fEAFAE S RT3 rp, BT Ca® R A1 PR
TR SR Ak (R B, HLSZ B S flt BT S-HT 5248 1 =t 1A
5 M P S-HT A 20 5 S 38 0 5 0L 4 5 (R
B R AMUZEA ) FHERAFES (R e A X
FRATIX . PERRAIA A A% )o HAP S BRI A 5-HT
MZTEF BN T HN T 4%, 552 m PNk
31, HH S S EE R, AR R4
RE FIAR. HERE. SRIIE. Wk B,

Cosmos1129 1 Bion-M1 4= 4 T & 5256 & 3,
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KA WA R EEi e SHT AT 3
{H Popova % B3 |48 K 2= K AT 1] 5]k 57 o K
It E, BEIRA 5- BRIV R R EE, LA
o 5-HT Rk FEAK ;. FI R, B2 LUK 4 o
MAOA R FZIETFE, Sl SORIAETT ik
t5-HT RGAVE RS, Horh N Efik 5-HT 2 8324k
FE DR 2 T8 /0 T B8 A 5 e 7 JoT I 7K 1R R R 22—
BN, R TRAT R KK 5-HT RGEHA —E M
SO, B AR AT A A 2 — 2 SE IR IGE

5-HT #h&a R4t 25 1 BENR S 5 B8 40 1) 14
o AIKREMEL. B RCE AR
SR GG NS AL GiaL
A T, AR S-HT AL 4 KR 18 O M AR, 3L
o EIE 5 PR R RN R B AR O, B RS
5-HT #2480 T AR AE IS BOIR S T B my, 7218
U M MR 300 1) P A, A ROk R 30 e R i B T 42 b
A MY NAZE S BOERRAS G I, WobE L
RO 5 3 B AR R AR, A /DN B g 5 1 e B K
5-HT 2 B2 ARl 5-HT 2 Y52 R L DR ml {2 i 42
PR AR f R A Y, B4 S-HT A& 75 AT AR K
DR RAT 51 AR Bl PG 3 5 1) T R A A a1 —
SIS 5T
2.4 WEEFEFFHEIFRTE NN

P2 E TR N B AE s R P h 22 8 7R K1 (brain-
derived neurotrophic factor, BDNF). #f £ 4 K [A F
(nerve growth factor, NGF). i Jii 41 ffg J5 P 4 &2 5
FRKF- (glial-cell-line-derived neurotrophic factor, GDNF)
MU N 2 % #4537 Al 1 (cerebral dopamine
neurotrophic factor, CDNF) %5, ‘B 4/17E 2% & 5] # 1)
PREE R AT R T R A% — € AE A . BDNF X Jixi A
5-HT #h& o RIEGREH, GDNF Al CDNF Xf DA
ZTORIERIE R ™.

Santucci 2 "7 A 7T & L, 1SS AW 91 d K
2 RAT X B R i B A /)N ik BDNF A1 NGF 3
JFK A 3 R0, 2013 45, Bion-M1 KA K
TRATWARNTRTA 2 R . S0k
M Fefis. I BL & SR 5T BDNF & R 3R 0k 7= A=
S, AH S SURAR R R B ) GDNF & 28 )it
) CDNF &35 T F% 5 RIS, KA AT RN 1 i
w44 1% [X 45, GDNF A1 CDNF FE [A] {2 3% P+, ghh,
FEE FRET5 5-HT 1 DA 25 i Py 25 24 2856 i
Z IR E R Y, K2 1) kAT S8
A E TR TS R AT T e & DA K& 5-HT i
MERZ —

3 EUSRRE B AR B R S R
TSRS

KIAE RN R R EER O, KPR
22 R AE A 28 035 Bl LA BN AR A B2 ) R F 1 15 v
RIERBEAEA - 06 P AP A0 229 7 32 B S b &5
i SRS OHLERE . 4EAR M ATP &5, ff
2834 TR PAT S W 2 ThEE A T S al, 1 R FH A
5] (1) 73 BT 7 R AR RS eI 2 HoKF, X TR AR
BEEEY e SR s N e L s Y Il B S S R = Y
AT 4 SR B AR S M Ak S TR W B8, PR T %
K NAE T T A= IR vk, Bk b
ik BAME ORGSR SE )
JT 1% R AR UL p 8 BA B O B B SR A S AT
2 YL TR B AL SRR R R T B s
RERS R A KB AR Bl ) b 28 A 1 B3 R FE AL 2 AR
(IREAIT B R R PRI T Ko R 2 =1 S L PR A e it
XHFo
3.1 GEREMEAZES TR

HAL Mk S RN AR ( BR/NT 10
um) PSR BRAL AL 22 B, B AR SR AL TE 4
FLAH LI i R A A S . 20 A
80 41X, Wightman %5 ™ & & T ABREF 4k A N\ HL
PRI AR 22, a5 AR A F AR R A A A 8
T HFARE LS, IRAGAS [ #0205 15 1 (1 AL -
RIS . 7RG b, PG IR 221k (fast
scan cyclic voltammetry, FSCV) #& & 1 i [] 73 #§ %,
SEHRL Y A A 3 A () SR B A B, R R
105K DA HIBOR I, ASLIRZEAE FSCV Al b 45
EA LA 2 A SEEL T DA SERIE e B,
— 77 THIE A4 S FL A 27 23 BT B A T8 e Ay S F Al T
PUONE R BUR R, K H bR FR AL 2245 5 e 3 o m)
G S, ST A T ECE IR
2 BN B, A NT AR, ST
GNy T2 M E SR T B

HAT, fEMaRza, R BLES T E
CIESIEALE RN 67D 8 VA 4E 7 T S oy
27 5-HT. BREMR. DA %%, AT 0,0 H,S.
NO %5, BFH'. Ca” %5, PLEHBR. HUIf iR,
HE R ALER% DY, HAl NASA EFAEM TR K
TE PRSI HEAT T N A A N gy T TR S A SIS A
ER LI PN /N 93 F 35 AR A 5 B oA 5 i 3 A ]
SRR AW, NI IR JE AL B A T R T
ren I R AL S SR L TP S .
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&, SR TR R AR AN B R 2 AN 4 T S
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BREAFAE AR, SEIL T PR MR 1) = 505 A4 SR A7 A%
T, DA R BRI B MR IR PR BE Al B2 (0.20 +
0.05) mmol/L. Jin 45 ™7 & T B /K AH HL A F A 40 K
WERAB MG T BERL T R AL B 2T 4k A R T, JE— D42
i S DU LR A% SR ) R R ARG E 1 5 IR B
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SeAh, ML E B g s 5 L N AME S E)
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G ) AL S AR IR T 10 T A AR Ak H 3 A ] AT HL U
MFEESTIERGE SIS, HAM T AES
RS A KIIE . Ak, Wu 25 BY Rl 7 3
T 5L L iR B ) S AR S HLEA 7 #Ti (galvanic redox
potentiometry, GRP), Yu % ™ & W] T 3 T SR i £F
YE(f) GRP, Wei %5 V1 GRP A& 55 i A HE R Gk
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B R BT ML BRI 5 ph 22 J0 LS 5 RS AR SR AL ) 25
W, AR LI A 5 LA 555 1)
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