1 X I Oz ¥ F M
ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA

B 1993 4£ 6 B 8T ®£30%5 $£4H 202258 A30 HHAR

H &
G
RIR) S R ST [ P TR B 26 /N BRI LEARTIRIE oeevveereeeemeeemeeemeeenee e s
......................................................... T ARE AETWHF, SEE e, B —3 TR (449)
Y N B S S r e AT ) g e ) N = VAa s 11 (1 5 OO
.................................... BB R IR T R 78, L8, BB IRT B R, A5 AR R (459)
PRI Rev-erbo 3800580 5 IR TR B8 /N BB S IR ZUIAE Y SEIRIITE +vvevveemeemmennmnieeienn,
............................................................... FTRE 10 AR, iR b s S MW 3R3% (469)
C57BL/6 /N Lewis H2 T RS HIE IR b 956 B B B AL ZE R WIEL o vveeeeeeeeeiiiie e
........................................................................... sk X% E A, LEA KM (476)
APP/PSTAEO Bl JR 3 i BRAE /I B S BE AN LA B AR G T A EE 1 5 1R 3 /N B 2255 oo
........................................................................... TR MRS IE BT, §20A(482)
B RTERBE 1R BRI Z5 S 225 e HA) WA, B RS TR, B8 T 4 (488)
B XTI/ NS [ S I AR T AR A BLAIBIETE ™ eeeeeeeeeenmeeee
............................................................ X /¥ R BLAL TEAE, X AR, R, BB, E AR (494)
3D [ FREASAR AL S TR 72000 7N B R TR L FR BT © vvvmeeeeeeeeeenie e e
.................................................................. RERESA KA, S, Lk, FEE(504)
FRL B R AIAIRALE R B DA AR TSI 0RE DX /MBS AR MG AL A7 ST AAZRETTHYREN «ovveeeeeveenisisiiieiinn
................................................................................. HIHG, B, Bk e, 2K (513)
SE PM2. 5 BFEXT CSTBL/6 /1N ARG PRI W A /N ST ZLARAE A RE M woeevvveeesnnneeeiiiennnn
................................................................................. Bas REE,EHRL THM(520)
HBV 558 /N U IR AR 2 25 St Al B A TR SE B RLT -oeveeeeeeeeess W&, FHAE TR A (526)
VR R Iy il N Al i R L] e Op A T P
......................................................... WAL TS, 248 448, %4 2500 ki (533)

5

A 50 3t e
TS AR B 22T P AOBIESEHE IR ™ oeermveeeriieee A R, B, X A7 R (540)



(LT 25 TR 25 P T 12BN TEHE R oveeeseresesesesesesesesesese st et s s ees s ess s es e

......................................................... S TR AT MR, B 0R) R RBEHT(547)
iR NS IL N oy - T - PP
.......................................... FEIN o R, R E B GES,ET, R, EB(557)
WK H K2 S SR TEREDL ™ ceeerememrmeeerenieennn E7 R KA AA RET, FEME X HK(568)
e RN RS2 70 B S AR T R B M BT GE HE R ©  eeeern e e
......................................................... o WML KRR RS, B AT XHK(574)
L E RS YT HFIT R TETIFLET  coeeeeererieeeeeiiine e MR, A B XK, A, 2 HR(582)
UL 25 T8 W A 10 B B P AR S B ) S BGATFFE IR ™ wevvveeeeeeeiieeiieeie EH RRR, FWH(589)
w LW ESMRER
T e e ettt (#H= 3k AiH)
F & BOHE
FEBEE AR R 77 0 9 (b)) FEAR A FRA 7
£ B El Rl
r [ S B ) 2 b TR L B A R 7
o [ PR A B B B A ST S I 5 T MERS
F % 2-748
Z)I| I &&%GEiE
IRIBERE(E TR 8T 20170142 5
S ) E
i A1 50. 00 7T, 424F 300. 00 7T
P E SIS B 2 ) g R FEREEZEHRYS
H hR ISSN 1005-4847
T E SIS B W) G CN 11-2986/Q
% 17 2022 MR E LB W FSRE

ATIEATT 7 Bt 9 4 A =22 AR T O R 7
Z5 SO B A P SCRR B AR P | v S sl 4 L
e [ S Bl ) 2 Rl A 2 SCRREE I, NS TRl i A 2
WICA M TETERAR T, il S A R e Bk
o8 3 5 AL 9

AT IR MRS TG VEAK A AR 132 9« wwaw. 183read.

(o FE S Bh 4 )

100021, b5t FIBH X K e jg 1L 5 5

11 :010-67779337

£ H.:010-67770690

E-mail ; bjb@ cnilas. org

http : //zgsydw. cnjournals. com/sydwybjyx/ch/index. aspx
AEBITESR BIEY com
AEEEAR XHR KA
AEIRERE K E EOH

&

WIT)HEAZEC CN11-2986/Q * 1993 # m * A4 # 152 # zh * P = ¥ 50. 00 * 1000 * 19 * 2022- 04



ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA

Monthly , Established in June 1993 Volume 30, Number 4, August, 2022

CONTENTS

Mouse models of experimental autoimmune thyroiditis under different conditions: a comparative study «-ccceee
--------- DING Xi, ZHAO Yang, WU Liping, LYU Hongjun, XU Huayang, ZHOU Yikun, SHI Bingyin(449)
Exploration of anxiety-like behaviors and excitability changes in the anterior cingulate cortex of the hyperalgesia
PLIMIng rat Model ««+++++vvverurmmmmmmumuiiti QIU Mengting,
XI Danning , WEI Naixuan, WANG Sisi, YI Min, GUO Zi, FANG Junfan, FANG Jiangiao, DU Junying(459)
Circadian clock protein Rev-erba agonist inhibits high-fat diet-induced inflammation of the prostate tissue in mice
--------------- HE Yue, XU Hang, FENG Dechao, CAO Dehong, Al Jianzhong, YANG Lu, WEI Qiang(469)

Pathological and ultrastructural observations of lung metastases from Lewis subcutaneous grafts in C57BL/6 mice
--------------------------- ZHANG Na, LIU Xuefang, WANG Zichuang , FENG Suxiang , ZHANG Pengfei(476)
Differences in the proportion of splenic immune cells and related stem cells between Alzheimer’ s model ( APP/

PSTAE9) mice and normal mice ««««««+eeeessseeeemmmmmeetmmm ettt ettt ettt e ettt ettt e et eeaes
------------------------------ LUAN Jing, HU Fengrui, GUO Huifang, LAO Kejing, GOU Xingchun(482)

Pharmacokinetics of melatonin in simulated MiCrogravity Tats ««+«+-«+-sesseeeererrerrmmmmmmuii s
------------------------------------ FENG Li, CHEN Ying, PENG Bo, CHEN Tengfei, LI Tao, SUN Lihua(488)
Protective effect and mechanism of action of Polygonati rhizoma polysaccharide on the cognitive impairment induced

by simulating an enclosed SPace in MCe ««««++++++ssssrrmmmmmrrtrritt ittt
LIU Yupei, ZHANG Yingyu, FAN Bei, LIU Xinmin, CHEN Ying, LU Cong, WANG Fengzhong(494)

Effects of microgravity on skeletal and metabolomics of mice simulated by 3D clinostat «++eteeeereeeeneeneaeeaeeaen.
--------------- SONG Chenchen, KANG Taisheng, ZHANG Meng, GAO Kai, SHI Xudong, GUO Jianguo(504)
Effects of electroacupuncture of the subgranular area of the dentate gyrus on microglia activation, and learning and
memory function, in depressed rats «----- HUANG Wentao, LI Duoduo, LI Bing, CHEN Heng, LI Wu(513)
Effects of acute PM2. 5 exposure on lung inflammation and NLRP3 inflammasome activation in C57BL/6] mice and
alcoholic fatty liver disease model mice -+ JIANG Jinjin, ZHANG Guofu, DONG Yaqi, DING Shibin(520)

Isolation and purification of primary hepatocytes from HBV transgenic mice and their application in the study of liver



-------- HE Yun, HUANG Minjian, CHEN Yisheng(526)

Effect of aerobic exercise on endothelial dysfunction and visfatin in obese rats «=+-e+seeeererereeiminii...

-+ XIE Zhouyu, HE Aizhou, LI Ting, WEI Juan, WANG Aihong, WU Yunchuan, ZHANG Hongbing(533)

Research progress in metabolomics related to aerospace IMNEAICINE et vrereeeeeseeestetseneititisirecicueteeseseecscscacncns

FENG Li, CHEN Ying, HU Xiaoru, LIU Xinmin(540)

Research progress on the effect of the space environment on pharmacokinetics «+«+reeeeeeeereereeiianiaiiiii..

.-+ LI Mengting, CHEN Ying, GONG Zipeng, YANG Qing, WENG Xiaogang, LI Yujie, ZHU Xiaoxin(547)

A review of space animal experiments conducted by the former Soviet Union and Russia

.......................... DONG Lijinchuan, HUANG Hong

LIU Bin, YANG Ziyu, PENG Bo, CHEN Shanguang, JIANG Ning, LIU Xinmin, CHEN Ying(557)

Research status of space animal experiments in Europe and Japan

--------- JIANG Ning, LIU Bin, ZHANG Yiwen, HU Qin, CHEN Shanguang, LI Yinghut, LIU Xinmin(568)

Research progress on the simulation of weightlessness in experimental methods and its influence on body function

HUANG Hong, YAO Cathong, ZHANG Yiwen, CHEN Shanguang , LI Yinghui, JIANG Ning, LIU Xinmin(574)

A review of space animal experiments conducted by the United States «+etoeeeeeeeereeneaiiiiiiii...

------------------------------ CHEN Tian, HU Qin, SHI Zhe, LIU Bin, CHEN Shanguang, LIU Xinmin(582)

Research progress on animal experiments simulating stress damage and protection in the space environment ------

---------- WANG Ling, YUAN Tianchen, WU Liyao(589)

Responsible Institution

China Association for Science and Technology
Sponsor

Chinese Association for Laboratory Animal Sciences

Institute of Laboratory Animal Sciences,

Chinese Academy of Medical Sciences
Editor-in-Chief

QIN Chuan(Z2)1])
Managing Editor

DONG Lingying( # 4>l
Editing

Editorial Office of Acta Laboratorium Animalis Scientia Sinica
Publishing

Editorial Office of Acta Laboratorium Animalis Scientia Sinica

Distributor
Editorial Office of Acta Laboratorium Animalis Scientia Sinica
5 Pan Jia Yuan Nan Li, Chaoyang District, Beijing 100021
Tel . 010-67779337
Fax; 010-67770690
E-mail ; bjb@ cnilas. org
http://zgsydw. cnjournals. com/sydwybjyx/ch/index. aspx
CSSN

ISSN 1005-4847
CN 11-2986/Q

Copyright 2022 by the Chinese Association for Laboratory

Animal Sciences



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

T2 R A AF . AR AE T S A B S P U AR 28 /N USRS L AeiE o (0], h ESER P4, 2022, 30(4) .
449-458.

Ding X, Zhao Y, Wu LP, et al. Mouse models of experimental autoimmune thyroiditis under different conditions: a comparative study
[J]. Acta Lab Anim Sci Sin, 2022, 30(4) . 449-458.

Doi; 10. 3969/j. issn. 1005-4847. 2022. 04. 001

AR ZEF T AL A B G e 1 HOIR R 2 /1N BB AY 11Y)
e AL 5T
TS R EWE, BEE, R, R

(FAZsc il R —ME ERe, Pi4 710061)

(WZE] B8 WG BN [E LB P50 & 500 25 G 3 A5 I X 4 HY AR IR Bk 4R 1 ( porceine
thyroglobulin,, pTg) 75518/ RS 40ME F B G e Pk R AR R (experimental autoimmune thyroiditis , EAT ) #& # #E 37 [1) 5
W, 3% SPF 2% 80 2 CBA/J /N, TEANIRIPE S (MERE 60 1, MEdE 20 H) R[REIFLIE I (pTg 50,100,200 pg) , A
) T AR O 285 B AR K (28 d NS 2 UK, 28 d TR 3 R % 35 d NS 3 1K) 4k F AR EAT /NS, 3
ok FROLR B 43 L3 BT AR AR R P TAb i BE | 178 6 AR IR R TT4 JK°F I8 Treg K Th17 4 L 51 K2 AH
KFEF R F AT WHGE R ROR . &R (1) A FERE AR T Bt /> BT R B bk UL 40 i 3= T B2 B & EAT 1431
T HERR, TeAb T B \Th17 AR LA I IL-17A4 3R3E7KF- 155 it B S 38 FAIG; (2) 50 g AR 4 TeAb fi% 5 TT4 7K
SF- Th17 400 E ] 55 Sk F RORyt J IL-17A (AT B E (LT 100 pg WAL ;200 pg A4 Foxp3 Fikm o
T 100 g WEHLA 5 (3)28 d 3 YCIE AL R AR BT 2345 8 ML B 2H W 25 7, TgAb  TT4 /K7 ' Th17 4 M LY
] S RORyt N IL-17A BB I W ETHE, Treg A ML LA W 25 PR, 58 EBRMEME CBA/ZJ /MR 3G K
BT S P s R U B EAT AU A R,

[RBIA] B G RBe kAR S 38 HRARERER (1 5 Pk 31 5 i 0K 5/ B
[hESEE] (095-33 [ ERFRIEA] A [XEHS) 1005-4847 (2022) 04-0449-10

Mouse models of experimental autoimmune thyroiditis under different conditions .
a comparative study

DING Xi, ZHAO Yang, WU Liping, LYU Hongjun, XU Huayang, ZHOU Yikun, SHI Bingyin "

(the First Affiliated Hospital of Xi’ an Jiaotong University, Xi’ an 710061, China)
Corresponding author: SHI Bingyin. E-mail:shibingy@ 126. com

[ Abstract]  Objective To ohserve and compare the effects of sex, antigen dose, injection frequency, and
modeling time on a porcine thyroglobulin ( pTg)-induced experimental autoimmune thyroiditis ( EAT) mouse model.
Methods A total of 80 SPF CBA/J mice were selected to establish an EAT model under various conditions; sex (60
females and 20 males) , antigen dose (pTg 50 pg, 100 pg, and 200 pg) , and injection frequency and modeling duration
(two injections in 28 days, three injections in 28 days, or three injections in 35 days). The effects of the different
modeling strategies were compared using thyroid pathology scores, serum TgAb titers, serum TT4 levels, proportions of
Treg and Th17 cells in the spleen, and the levels of related transcription factors. Results (1) Under the same modeling

conditions, the degree of thyroid lymphocyte infiltration and EAT scores were lower, and the TgAb titers, proportion of
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Th17 cells, and IL-17A expression levels were significantly lower, in male mice than female mice. (2)TgAb titers, TT4

levels, proportion of Th17 cells, and expression levels of RORyt and IL-17A in the 50 pg model group were significantly

lower than those in the 100 g model group, and the expression level of Foxp3 in the 200 g model group was significantly

higher than that in the 100 pg model group. (3) EAT scores, TgAb titers, TT4 levels, proportion of Th17 cells, and

expression levels of RORyt and IL-17A were significantly increased, and the proportion of Treg cells was significantly

decreased, in the three injections in 28 days group. Conclusions Selecting female CBA/J mice, increasing the antigen

dose, increasing the modeling frequency and reducing the modeling time improved the EAT modeling effect.

[ Keywords]

Conflicts of Interest: The authors declare no conflict of interest.

H B 52 M R B & (autoimmune thyroiditis
AIT) 2 —Fh % B RSP B B e tE s, LLRAR
JU A TR CEL 00 L 6 1 9 0 DR S A R ot e R
i 15 %8 Ak W i BT 4K (antithyroperoxidase antibodies ,
TPOAb) 1 HUIR B 2K 25 11 T /& ( antithyroglobulin
antibodies, TgAb ) 7K Fk &5 R HFFAE . AIT S5 i
AR R T RE IR fi 8 UL AR A, 4F S R 2000 0.3
~ 1.5/1000, L LR £ 0 R bLfAT) o 56 42
W, AT RE S A% B R BB (T TR A )
LRV ST SRR QAL /DR = Ik S

TESHYITEAR K-, 3 37 i L 52 2 e N 2R W0
R R 1) 9 S W AR 0k BIF 5 9 0 1Y U 9 AL
il T HE JE IR T 25 W 1 U 8 ST A R AR Ol
o S S 0 R A A 5 1 I i AL ) TR e
SEOATT /NS 3k ) Horh S ik 2 4
FHIBC I ([) o aid Se Aofr) TC 5 A7 790 B 928 5 IR i 2 /N
S, ST S B B B e BE MR HOR AR R (experimental
autoimmune thyroiditis, EAT) £ | b f 5 1k K 5256
/N CBA/Y) Gy A 3 A5 T5 ik ] B | 3 A I A
J TR I AR i A O R TR A AT B

T A R A BT PR . /B
IRAEER K H ( mouse thyroglobulin, mTg ) Az & H IR i
BRFE H (porcine thyroglobulin, pTg) . H R A &
9 mTg ARAEGH] , 75 5250 AT MRS B8 5 A9 /)8 B
RIEHIRBOT4ifk . Hil% mTg i ICHIEAL TR, 52
BT AR BORIK T 4% 52 30 % i B A AR 1F 1 2
B B P £ mTg L0, I pTg ©F
Bt iG], B 3K, (T 4R S i AR 4R
RIS R TS g A R 2, W R A 5
285 Ak 7 ( complete Freund’ s adjuvant, CFA) , A~
5E4 i A F (incomplete Freund’ s adjuvant, IFA)
K Jg Z M (lipopolysaccharide , LPS) , CFA & IFA &y
FRge SmAAR 5 5 BT B TE J TR A ) ORS A4  L Ak
R, G/ BN SR BT 22 s TR, RE A8 RS PIL A

autoimmune thyroiditis; porcine thyroglobulin; sex; injection frequency; mouse

FE AR R A TR S A L e RE N A AEL IR R A A
SR, HTE T B B ) 1 A8 i RE 2 3 8 S 4
RIE M7, LPS NN TR, WL JE08 A s
RIFHER e M VE , T aaE B, R T 590
BRI G, K Rk 5, I D

H Al 2 UL S22k mTg 8% pTe, 4 2L CFA
5 LPS 1E A/ #) 2 7 EAT B8 {8 H55L Tk 1
CBA/J /MR, DA TR R M e /N R B BF 5T, i
AN FEPUR RS L BREBFHE B T mTg AN
[F]57 5 (100,200,400 pg) WEHICR G, &K 200 pg
MIAEREZ Ah E B RESE AT XA ]
HEGPIREE A G B M EAT 18 A8 1 i 5T
R WLARGA

L, AR50 FH AN A 55 8 CBA/J /NRR, R
H pTe+LPS &k, 73 BIWFFEA Rl H:51)  A[F] pTg
FiE AN AR SRR 255 1 B X EAT 3545 1 5%
i), i — AL PR R FH pTe @37/ EAT B 58 F Y
WIE S
1 MRER=E
1.1 ##
111 S2mshy

SPF 2% 60 HMEPE & 20 B HEYE CBA/T /N,
8 JEIIE IR 17 ~ 25 o, W FAL st e R A YRl
WA PR 7 [ SCXK (51)2019-0008 ], /) B4 57
T IVC N, HEEOK, B 12 h S BEE,
IR 20 ~ 22°C 1B 24% ~ 28% 637 T 643518
KEESWFH O [ SYXK () 2020-001) . A
VEXIAT G VU 22 5838 K2 5255 3l 4 v S5 5 48 B 2
BUR (AL . 2021-1457)
1.2 FEERF S5

B R IR Bk B H ( Sigma, T1126), g £ Hi
(Sigma, 12630 ), B iz £ 22 vj b % W ( Hyclone,
SH30256) ,— PR 1 J0 T4 T &5 3= 13 20 i (4 =] D
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BN Fl, 20183142477 ), TMB B 41 4 & (4 ¥k
(Solarbio, PR1200) , [ 1251 ] HIR i 25 i 56 #9283
Brain) & ( R T Bl A IS 2 Bl 4 AR A R A
RA10102) , 3% %% 517 & ( TaKaRa, RRO36A ) , 7t
52 i) 4 ( TaKaRa, RR820A) , $ii/)N il CD4 FITC
PiK (eBioscience, 11-0041-82) , #ii /)N il CD25 APC
YAk (eBioscience, 17-0251-81) , $it /N F Foxp3 PE
Pl (eBioscience, 12-5773-82) , 9/ IL-17 PE 7%
& ( eBioscience, 12-7177-81 ), #% M [ & F
(eBioscience ,51-9008101)

PCR ¥ ( Bio-Rad, 3£ [ ), %¢ 6 %€ #t PCR 1Y
(Bio-Rad, 3£ [ ), 1E ¥ % % I il 5% ( Olympus, H
A, WAL (BD, 3¢ ) , Enspire 22 JIREREAR X

(PerkinElmer, JE[H ) ,
1.2 ik
L2.1 /N BOER AR

$ 60 28 JE B MEE CBA/Y /N UL Y 5L 6
2H, B2 10 2K 20 H o8 SRR HEYE CBA/T /N BB
LA 2 41, B4 10 H, Srd Je SEsneHianse 1

N SU/NRFEL TR,

ARSLEG FE SR 3 RS A 1 A ME N R Y
A 55 2.3 B4 K AR /N S0, 5 1 #R 4
(HEBEAFEER]) . F-C M-C  F-100%2-28 2 M-100x
2-28, 5 2 #B4 (LEASFEPUE AL ) < F-100%2-28 |
F-50x2-28 J F-200x2-28, 5 3 &4 ( AR TE
SR 4 A BT ) L F-100x2-28 L F-100%3-28 %
F-100x3-35.
1.2.2  HUR AR

ANERFR AR 4% 2 3 B S [ 5, A i A 3 )
R HE Jefa ) 80058 T W08 bR R 008 960 A IR 2tk B
RSO, Tmage T 8XPF AT 2 0 1w AR, O34
18 EAT BERIPEAFRUEPEN T .0 MIEHR 1+8 1% ~
10% 2+K 10% ~ 30% 3+H 30% ~ 50% 4+H
>50% .
1.2.3 17 TgAb K HURARZR (TT4) J5E

/N BT TgAb % FH ELISA #3196 fLEF bR
WAEfLANA 100 wL (49 2 pg/mL B pTg ¥, 4°C

F1 NESALEIREE(n = 10)

Table 1 Grouping and experimental arrangement of mice(n = 10)

Ak
Group code

LY L HE

Experimental arrangement

5507 KE5F 100 pL PBS BHIKIES,3 h JF44T 100 wL PBS {5, 45 28 KALIE,
F-C On day 0 and day 7, 100 wL PBS was injected into mice through tail vein, 100 pL. PBS was injected 3 h later, and on

day 28 the mice were euthanized.

X R AH ]

Same as the female control group.

M-C

%507 K& T 100 wg pTg WA T 100 wL PBS RH# K 4T,3 h 543 T 20 ug LPS i ## T 100 wL PBS i

rr
F-100x2-28 a5 28 KAbse.

On day O and day 7, 100 pg pTg dissolved in 100 L PBS was injected into mice through tail vein, 20 g LPS
dissolved in 100 wL PBS was injected 3 hours later, and on day 28 the mice were euthanized.

M-100%2-28 Lt AL AR AR

Same as the female conventional modeling group.

% 0.7 RET 50 pg pTg ¥ T 100 pL PBS R ## Ik 4T, 3 h J5 43 7 20 pg LPS ¥ fi# T° 100 pL PBS {E

F-50x2-28 5, 55 28 RALSE .,

On day O and day 7, 50 pg pTg dissolved in 100 pL. PBS was injected into mice through tail vein, 20 pg LPS

dissolved in 100 wL PBS was injected 3 hours later, and on day 28 the mice were euthanized.

%507 RE4T 200 ng pTg T 100 wL PBS E# ki, 3 h J545 T 20 ng LPS #f# T 100 pL PBS 4,

F-200%x2-28 5 28 RALIE,

On day O and day 7, 200 pg pTg dissolved in 100 L PBS was injected into mice through tail vein, 20 wg LPS
dissolved in 100 wL. PBS was injected 3 hours later, and on day 28 the mice were euthanized.

%50.7.14 RET 100 pg pTg #fi T 100 wL PBS E#lIkiE S ,3 h J545F 20 pg LPS ¥ % T 100 wL PBS 4,

F-100x3-28 5 28 RALIE,

On day O, day 7 and day 14, 100 wg pTg dissolved in 100 L PBS was injected into mice through tail vein, 20 ug

LPS dissolved in 100 wL PBS was injected 3 hours later, and on day 28 the mice were euthanized.

9%50.7.21 R4T 100 g pTg ¥ ET 100 wL PBS EB#HIKIEN,3 h J545 T 20pg LPS #f# T 100 wL PBS 4,

F-100x3-35 5 35 RALIE,

On day 0, day 7 and day 21, 100 pg pTg dissolved in 100 wL PBS was injected into mice through tail vein, 20 pg

LPS dissolved in 100 wL PBS was injected 3 hours later, and on day 35 the mice were euthanized.
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R, R B e 3 WK e B P TR A R
Ve IE BEFLANA 100 WL 2 1 : 2000 B 9 7 B
My, #Ead e, BB Z )5, A 100 wL ##%
1 : 5000 i BE 19 HRP Fric 19 11 EH0 /0 B 1gG ,
B 1 h, RE)E A TMB 57 = EF E 5 min,
TR R 26 1k N, 7E B AR A 1 ER A FL 450
nm P KAL) OD fH

LT ek R AR 2R (T4 ) 022 2R 0O e 2
/N BRI AL 1251 ] AR I /Y T4 55 40 R oA
N 256 TR SR E & W, 75 — 50 e R & — Ak
T BB A, &0 5 U0E, (] v 8
DS ST M R B i 3 o s v R 2R T E 5 A i v
TT4 WRJE
1.2.4 At pas

GBS ITAE B ML, WA A A AR U, AT Yk U
BCHLAN L W (AR N 5 x 10°%/mL) , Treg
(CD4+CD25+Foxp3+) 4 ffd Je o . {f ] FITC Fric iy
CD4 ik} APC BRicHY CD25 HUiARIEAT 40 i 5 1hi
Yetoy | [5 € WIS F PE ARC Y Foxp3 #% N 4 {4,
Th17( CD4+IL-17A+) 20 i G4 €2, . CH 200 it B T
MM D, N A RPMI 1640 55 35 5 G 248 s
KA ME 7, 37°C, 5% CO, , AR REE 5 h U
fdHH FITC ARic 09 CD4 Hrif kA7 2 i Ye £, [
K5 F PE AR TL-17A ik N Yea, el
LB T AN A IEA TR, Cell Quest Pro 443
HrEsdis .
1.2.5  /INERUPLG S DR A6 DU

TRIzol =+ HU/)S BB 2 RNA, H Prime ScriptTM
RT reagent 277l &30 % 5% 5 cDNA, A 51 1 it 17
Real time PCR ¥4, 5|1 F 5 W% 2 Pz .

F®2 HMNIOLEL PCR 5197
Table 2 Real-time PCR primer sequences

ElL7 gl
Primer Primer sequences
F:5 -CAGCTGGAGCTGGAAAAGGA-3’
Foxp3

R:5’-CACACTGCCCTGAGTACTGG-3’
F:5" -GTGTGGAGCAACATGTGGAACTCTA-3’

TGF-B
R:5’ -CGCTGAATCGAAAGCCCTGTA-3’
ROR F:5’ -TCTCTGCAAGACTCATCGACA-3’
-yt
¥ R:5’ -CAGGGGATTCAACATCAGTGC-3’
Lt F.5’ -TGCTACTGTTGATGTTGGGAC-3’
i R:5’ -AATGCCCTGGTTTTGGTTGAA-3’
F:5’ -AGCAATGCCTCCTGCACCACCAAC-3’
GAPDH

R:5-CCGGAGGGGCCATCCACAGTCT-3’

1.3 ZitELSH

SIS R SR FH O SPSS 22.0 & GraphPad Prism
8. 0 BH T, THEVORHIEE LIFIIME + ARifEZE (&
+5) RN, ZH R MBI E 725587 (One-way
ANOVA) 41 [8] ¥ 9 LE Ak LSD 5, DL P < 0. 05
TRz AA BEN,

2 #HR
2.1 MRFRBAREER
ST 1T, R 2/ AR A 0 o AR

DB/ INEE Ry 1) — | G5 ) 58 8 T IR TC 25 4, B
J P SR R IBT , 0 A1 B 50 ) AR DL AR T A R T Vi 5
HEEZH /)N B AR B8 o K /NS — |, AT DL AS () 2 B 1
HZED SWIR , A BH Ek E Ai= i R B, F-200x
2-28 F-100x3-28 J F-100x3-35 Ik [ 41 At 15 i e i
WHADA T E

A 2H /N B IR AR R 9 BLVE A8 I AN 3 BT/
AN A 0 6T EAT 3 BI52 0, F-100%2-28 5 M-
100%2-28 2 [H] TG &t & 14 25 53 5 F-50 X 2-28 <F-100 % 2-

B 1 A/ BRI BT

Figure 1 Pathological sections of thyroid gland in each groups of mice
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28<F-200%x2-28 fH 3 2z LR EMEZEF (F =
3.135,P = 0.06) ; F-100x2-28<F-100x3-35<F-100x
3-28, HoH F-100%x3-28 & & & F F-100x2-28 (P <
0.05),
2.2 /IR IiE TgAb & TT4 /K E

ARV ) 0D R | 3 A T B s X /)N B
ML TgAb FXTHRBERZ AN & 2A iR, 54 A X
TR LA LE , W R AT — 35 B AR R 41 TgAb AR X
WeFEY B EMETIE (P < 0.05) . FLBA [R5
ZE I, F-100x2-28 1Y TgAb 1 XF #k B (15956. 72 +
2465.47) % M-100x2-28 (11148.90 + 2136.91)
WEHE (P <0.001), 5 F-100x2-28 # [t ,F-50
x2-28 M) TgAb X ¥ B i & AKX, F-100x3-28
F-100x3-35 #5 E F+ 5 (P < 0. 001) , H:H1 F-100x
3-28 [ TgAb #H X} ¥ B & & (20504.09 =
4499.52)

FA/N TT4 KF W E 2B 7R, F-100x2-28 |
M-100x2-28 FHEA A X RELLAH Eb , TT4 K3 18 3%
T (P < 0.001) , {HMEREP S RIZ 2 [B R A b
#5 . 5 F-100x2-28 H42, F-50x2-28 fi) TT4 /K-
TR, F-200x2-28 F-100x3-28 4 i & Fh e, H:
H F-100x3-28 1 TT4 7K F-H5 (102,34 + 17.69)
pg/dL, # F-100x3-35(84. 16 + 11.69) pg/dL A
WEVETFE . M F-100%3-35 5 F-100x2-28 #f [,
TT4 KV ARG I 25 5%

2.3 /NERPE Treg K Th17 kB A RaLE 51

WK 3 Frs, 5 F-C A, F-100%2-28 ) CD4+
CD25+Foxp3 + Treg 4fl M Lk 1] B A%, A B AT I 35 %
((12.20 + 1.45)% vs(13.13 + 2.26) %) ,{H CD4+
IL17A+Th17 40 A bb 4 2 25 T ((1.03 = 0.24) %
vs(0.17 £ 0.14)%, P < 0.001) (W& 4) ; 5 [7]
I, 5 M-C A0 LG, M-100x2-28 [ Treg 4l i [t 151 %

R3 AU/NEA B G AR IR I B 73

Table 3 Pathological scores of EAT model in each groups of mice

EAT #8555 BT 23
211 5] Pathological scores of EAT model
Groups No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No.9 No. 10 EFL’J% i Tﬂ;({*%
F-C 0 0 0 0 0 0 0 0 0 0 0.00 = 0.00
M-C 0 0 0 0 0 0 0 0 0 0 0.00 = 0.00
F-100x2-28 2 2 2 2 1 2 1 2 2 2 1.80 + 0.42
M-100x2-28 1 2 1 1 1 2 1 2 1 2 1.40 £ 0.52
F-50%x2-28 1 1 1 2 2 1 2 1 2 2 1.50 = 0.53
F-200x2-28 2 2 3 3 2 2 1 2 2 1 2.00 + 0.67
F-100x3-28 2 2 3 2 3 3 2 3 2 2 2.40 £ 0.52°
F-100x3-35 2 2 3 3 2 2 2 3 2 2 2.30 = 0.48

.5 F-100x2-28 #Hl, " P < 0. 05,
Note. Compared with F-100x2-28, * P < 0. 05.

T 5 M-CHIH,*P < 0.05,%P < 0.01,"P < 0.001; 55 F-C #HIL,¥P < 0.05,%P < 0.01,%P < 0.001; HHAHZ AW HLE, " P <

0.05,™ P <0.01,"™ P <0.001, (FKIH)

2 /MR TgAb FXTHRE K TT4 K-
Note. Compared with M-C, *P < 0.05, P < 0.01, *P < 0.001. Compared with F-C, ¥P < 0.05, P < 0.01, ¥*P < 0.001. Compared
with the rest of the groups, P < 0.05, ™ P < 0.01, ™ P < 0.001. (The same in the following figures)

Figure 2 Serum TgAb relative levels and TT4 levels in each groups of mice
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1% (BN B Wk, 1 Th17 40 M0 b 3 W 25 v T
(P <0.01), M JENEXT L, HER Treg 40 M8 AR
DUBA S 2% 5 Th17 20 M L) W Z AR TR (P <
0.01), MZERWRESN  FEAR LI AT, W0
TR e R ST 7, /N Th17 A4S Treg 4 Ml
O B AR

5 F-100x2-28 A, F-50x2-28 [ Th17 ZHj b
BB Z AL (P < 0.01) ,F-100x3-28 & F-100x3-35
¥IEETRE (P < 0.001) , Hiff F-100%3-28 ) Th17
A 1 B 5 (1,54 + 0.32) %, 15 F-100%2-28
) Treg 28 i Lt 9] 4H FE | F-200x 2-28 K F-100 x 3-28
ZERARE F-100x3-35 B FHEML (P < 0.05),
F-100x3-35 i Treg #0 M Lt 6] #¢ K ( 10.47 =
1.48)%,
2.4 /NEBE Foxp3.mRNA,TGF-B mRNA , ROR-
vyt mRNA % IL-17A mRNA 83} & ik 7k F

2/ Treg 20 LR S5 P S KL F Foxp3
TGF-B K Th17 44 5 1 5% sk I F ROR-yt 5 1L-

17A 1) mRNA AHXFZRIKAKF- a0 5 iR,

5 F-C A, F-100x2-28 ) Foxp3 mRNA ik
R EVERL (P < 0.01) , TGF-B mRNA ik &1
LR 2 5 F-100 X 2-28 ) ROR-yt mRNA }¢ IL-
17A mRNA Kk #)  Z HE3E m (P < 0.001) , M-
100x2-28 5 M-C MLk, R IL-17A mRNA Rk
BEMTE (P < 0.01), 1 Foxp3 mRNA  TGF-B
mRNA LI ROR-yt mRNA FikEARH BEEER,

5 F-100 x 2-28 #H I, F-50 x 2-28 f ROR-yt
mRNA J IL-17A mRNA £k & B FHEEMRK (P <
0.001) , 1M Foxp3 mRNA TGF-B mRNA ik & KA
W EARE ; F-200%2-28 HAH Foxp3 mRNA ik & i
EMERRAL(P < 0.05), 5 F-100x2-28 # Ek, F-100x
3-28 J% F-100x3-35 7£ TGF-B mRNA iA/KF F Ak
A B ARk, 1 Foxp3 mRNA FiA ¥ 8 HFAL(P <
0.001,P < 0.01),IL-17A mRNA ik 5% A5
(P <0.001),Hr F-100%3-28 [ Foxp3 mRNA 3
KA, IL-17A mRNA FikEHRRE,

T A AU/ RL CD4+CD25+Foxp3+T AiHE (Treg Z1HL) i CDA4+T 4fi g LU B WX AT 18T 5 B . B LA AL/ N R Treg 40 LA C . 7R
FIVESR (a) ARSI () A FESHREE S SRR (o) F50F T A /N Treg 4RI ELH

3 B/ Treg 400 L5
Note. A. Flow cytometry of the proportion of CD4+CD25+Foxp3+T cells ( Treg cells) in CD4+T cells in each group of mice. B. Proportion of

Treg cells in each groups of mice. C. Proportion of Treg cells in different groups of mice under the conditions of different genders (a) , different

antigen doses (b), and different injection frequency and modeling durationunder (c).

Figure 3 Proportion of Treg cells in each groups of mice
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2 A A/ CDA+IL-17A+T 20 (Th17 Z00H2) o5 CD4+T AN LL B FE AT B - 60 LU AEAS /N Th7 AL LA C . 7EA [s) 51
(a) AFGUEFIE (D) AR FESRES BB (o) 2505 T LRSS 4/ Th7 ZE HL

B4 AN Th7 40
Note. A. Flow cytometry of the proportion of CD4+IL-17A+T cells (Th17 cells) in CD4+T cells in each group of mice. B. Proportion of Th17
cells in each groups of mice. C. Proportion of Th17 cells in different groups of mice under the conditions of different genders (a) , different antigen
doses (b), and different injection frequency and modeling durationunder (c).

Figure 4 Proportion of Th17 cells in each groups of mice

1 : A ;Foxp3 mRNA FHXF A K ¥ ;B TGF-B mRNA A%t ik 7K F ; C: ROR-yt mRNA AHXF kK ;D IL-17A mRNA AR FREKE
5 4/ Foxp3 mRNA TGF-B mRNA ROR-yt mRNA K IL-17A mRNA #H%} 57K
Note. A. Relative expression levels of Foxp3 mRNA. B. Relative expression levels of TGF-B mRNA. C. Relative expression levels of ROR-yt
mRNA. D. Relative expression levels of IL-17A mRNA.
Figure 5 Relative expression levels of Foxp3 mRNA | TGF-f mRNA . ROR-yt mRNA and IL-17A mRNA in each groups of mice
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3 itig

EAT /)N RS R A 98 A8 AIT B9 8 2 F B,
BRI EAT BAIR HL & 25 /0 2 ANFRAE. (1) R BLAR
A ] UL IR R 4 U P BRAS T)  E A) T E 40 f R
T SIS IR IR S R I, I T H ™ R o R
FEVEMT ; (2) LT 2 A0 2 B0 7 B8 1 R 1
POk HRTA DAY 4 v 45 7 vk 2 o1 F FR IR R
BREE RS g R, 5 S B MHC B T H> 3%
st Se s oy R, T AIT otk s &, B
1M EAT /N R 4 K 2 5 LAMEME i gE 5t %2, Bk
TR 25T A WA HEE AKR /)N B ST 1M B4t
JG A S EAT A5t 76 it NoD /N I
B S EAT™ LA B fdi B PE BALB/c /)N BUEE ST
Graves H1 TR Ao AE/E [ CBA/T R
5 EAT A9 5eH,

UL, B 1971 4F 5 4 EAT /N RS RS 57
PSR 9T G 2 s A SR I i
it . Choi 25012 , Cal A=08) Ko Tan £ Py S PR AE
550 KV 14 RAFES 1K Gudi 55 B REAE SR
0.10 KA TS 1 R, 45 30 KAFE/NEL; i Lin 25110
WIAEST R BB 354 BT AR AR K O 2R HESS 0.
1428 42 RS, 55 56 KAabst, DL 358 FFIH
EAT #4528 245 4 45 oAt 70 7 36 97 ROR 1 i
5%, ARXT 5 ) EAT BERLERIORAT BT Rt

BRI, A5 52 56 5 76 38 1o Bb 4 M i CBA/) /N R
I P 3 R L DA SO TR B AR R &5 A
B, X /N B EAT 3 A0 15 ), 248 177 48 3°] 4
BT 3, G B BN A EAT /N R ) £
SEREHEHT T B SR
3.1 ZAWRA pTg+LPS EHEEENHBE

1971 4 Rose 2" i il mTg BEA CFA 0%
P C3H /NS A BAT BB 2 )5 1977 4F
Esquivel "7 5% A mTg B4 LPS 1 5 205 S
B10. BR /NEL EAT #2%Y 1997 4E Damotte %5 HL 75
NOD /N B3 5 A mTg J pTg gL, 5L
I AKX mTe 5 pTe BrIEEPE R THE — HAFE, —
J7 i, E Ak Kongmﬂ\ﬂ‘? mTg % pTg K EA F =AY [H
U, PTRE RS A 175 /DN BUW EAT, (B EAT 15 4%
SERS B 75 i 4 B R R mTg (il 5 30 ~
60 mg ) mTg 75 E £ 300 ~ 500 /MR AR) .
FEPHAE R B AL pTe 55 H B EAT /N UF IR AR

DRI 1 R ARG A 2 )RR A, mTg 75 5 R /N R
FFDR B BHT A5 B 2 30 AN B R B, (R ) 7)o
T pTg FFAM/NREH R 25 & T mTg 41, 7]
B EAT A9 °%, I8 TgAb % Bt i 5 F mTg 41,
100 pg pTg HAR 5 200 wg mTg A AHIT, X UEHH
pTg TE175F EAT BBDRE LI AT mTe; 75— 71,
H T mTg il 4 HHT v e e b A, 8 2l 32 5
I H B AR K J 52 06 3 0 M R A 4 1 A S R i
pTe A BEARAER] BRAE R, Bl TR E 41, i)
FEARR S FRATTERE T pTe VENIF SR,

TEREFI R b, BE#E LPS 1MiE CFA/IFA , #
A . Hi— 1% CFA , LPS AR S5HiRFLIR &,
A EE R ER KT, 155 EAT @B BLPE 47
HEEAGEHEIE /N 2 Kong S BISEE £ W,
LPS i3 R A EAT /NS AY | 428 =5 40 Jifd 0 By B 3
A EHME I CFA 5 519 EAT 5570 I 17 398 FH ik 20
45 MG bR T 25 AR RR B R B e Ak B, L 9 L 4
Bod o FEE, FIMAEALR T, EHET pTg+LPS
P55 8 JHIE CBA/) /NRIERE . 7E pTg M LPS 7
TE VRS IR B i R K O e B b JELE T &
AR 100 e pTg FLEE 20 pg LPS, %5 0.7 K45
TS 10,28 d P92 ERI TS
3.2 AEMR CBA/J /N EAT iS4

ARWFFE & I, AH R 35 A A5 1 T, B CBA/)
/I B HR R PR 008 76 235 g e e R B S oA T A R
TR o 4% T ME B, EAT T4t BRI,k B
M3 TgAb i B 0 2T ME B, TT4 KA A B i 22
S (HAE B HERAY Treg 40 b 4915 M AR
HLTGHA 22 5% {5 Th17 2 i) e ZREAIK, Th17 #%
ST IL-17A ikt B K TR, Treg 40
FEYERRHN BTt 52 Fe G2 R 25 v & 4R m ol ik 119 4
FH M Th17 40AE R 2 P4 B T Ik EL 40 i,
20 B LA B A D6 TR A K B IESE S5 2 R H
B R IE AR Y g B IR AT, AR [
FOES AT, ez M 5L, et CBA/ZT /N A B A
SN  EAT BRI DRI, 2 HF T fig &
X Yt (R OCHRIE R s ) MR T BT S
M ATER A L BARLERIA TR s — R &
3.3 AEFE pTg FS M CBA/J /NR EAT
g ]

BORAE 58 1 4510 o & X S [ 37 42 (100,200,400
ng) [ mTg 75 S MM CBA/J /NEL EAT 385 7R 17 %
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o, K 200 wg SOREAE . AR S HARR Z A 7E
T BE TR (50 pug) . H (100 pg) . #5 (200
pg) 3 PR IR T B, AN R Z AL TE T BT o 1
J& pTg 1MidkE mTg, A7 £ LPS MidE CFA, AH LAt
VRRLAAL 5 RAEA R R, ARG T A4 2
(10 H) , FREMATREA P EAT M8 4R (H
PRI B S AE 73 TeAb i B2 ) S afi 3% 1 %
Th17 \Treg A H LK 53 AT S RE S 1 5 ok R - 3Rk
IR R 3t 2 [ PN [R] 28 BUAE 5 vp 1 O EAT
NI AT S e S AR AR o T . AR LB, 5
AR 100 pg pTg W ALALAH EE, 50 pg (K7 5157
(/N B AR AR R IR T R B 45, TgAb (T4 7K
B EFRAG; 200 g ey 791 2 2 FP R MR 95 T R R R
#{H TgAb | TT4 /KPR A B 22 5 b 8 55814
25O HEE 9 200 pg 415 400 wg ZHTE TgAb K- I
T EEEF R 5, A R0, EARD
FERIRATIEE B pTg A0 /) B AR bk 12 40
JH IS BH S, T S b R MG AR O OR B B 2t
SO I AN SE A — B, REANEAS R A,
50 pg pTg ZH/NERL Treg 40l LU A9 R AT i 35 22 5, 1M
Th17 2 g b 1) e HoAs S V5 5 I F RORyt & IL-
17A BFR 2 100 pg pTg 415 1 3 A% ; 200
pe pTe 41/ Treg . Th17 2 ffd Ho £ 35 JC & 3% PR AR
oo HICIRATHIET, ZEA SR 55T pTg 50 pg &
BRI G AL 100 wg, 1735 B 200 pg 16 AR
KA BT R R 35 B2 4% . nT Re 2 R e S 7 o
5 EAT AR I A BB MR G R X 5
FPFET % 200 pg 415 400 g 425 A T 1 iR
Be—20; WAl REZ LA EAT BRI A PEA bR A
{75, 78 A B 5 o FR AT A 2k IR AR e 3 4
TgAb TT4 } Treg 5 Th17 4l L1454 bR , A5 A fig
5t NG S R AR R SE /N B EAT 15
T FR Y 25 SR AR AL B PR S G P A A Y 45 TR
2T FE, WIS G LA EE A TRABISE
3.4 AENEHMAXESEER KA EE CBA/)
/INER EAT &1

TEAS R R, 2 W ERL 2, 100 pg pTg
FE 28 d 3 RTESHI S TR S, HoAe HUIR B
FEPFES) TgAb TT4 /K5 K Treg . Th17 40 i L 451 K AH
N SRR TRk P AEE BENES, Wi35d
3 REGTIERL , TgAb K0 2545, TT4 A AT I i 22
5, Treg 40 A Ul J2 Foxp3 &35 3 070, Th17 41

ML f TL-17A Rk L2 (BAGN 28 d 3 IRiFE
SRR XA RedE N A N S i
BB, b AT A g R 3 S e A % (i) o s () 344
TR I 7 RO AT

g5 F R AW BN B AR R G HLAR D
PR B S AR VR IR 25 A 1 R S R X
EAT /)N B BRSO 2 i i i 5% . BERE % CBA/)
INER IR BT R | A P B 0 S A IR X
Ui EAT S RACR A HEAEH
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P K BRI  BERE A 2077 S #5R S Sls
Iz A HE AR AL 5

ﬁﬁ@:ﬁ }%%T %EEE,EI\N\P %E‘k :fﬁ% %EWL 7? Uﬁ,ﬁi/@i%*
(W BE 2 2450 = I PR BE 24 B, Wi VT A8 S R M 2 A oY S S =2, i 310053)

[HZE] BHE S EIRAK BUSIAR [FIR ] s AU 2 B (PWTs) AR RERERE 2617 o BOBUM AT Fnas f
JZ(ACC) W HIZI R IERE (c-Fos) /INE B (PV) BIRIAAE Ak, BRI L 1b I UL 5 T A FEORE 15 28 1 B [ AR AiF
M ACC XAk, Foik VA SEH R B HL A IR 2 RS2 BT F R SRS S5 R SR IR T 1 3 19 fy
S (Car) 100 wL(56 1K) , Fed BIVK 2 ZIERKTE S, F2EM R h 3 45 100 ng/25 pL HiFIIEE E,(PCE,)
25 WLOEB 2 WR) , AT IR L AL ARY ; AT 20 R SRERS 1 R S A i AR R K 26 2 WIS A AR IRV BE PG, g%
JFEALREA A B L RT (base) | Car VEST G 4.24 48,72 h #1110 d,PGE, {1:54)5 1.4.24 48 .72 h.7 d #1 14 d ¥
PWTs ; 73 Wi4E PGE, H4F)5 24 h.7 d. 14 d 935555 (OF) ,PGE, {5 24 h 8 d. 15 d =42 O 2B L4 (EZM)
KB SEREAT N ARSI . DGR Car {1415 10 d,PGE, {H44)5 4 h.24 h .8 d 1 15 d K E WM ACC 4
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Exploration of anxiety-like behaviors and excitability changes in the anterior
cingulate cortex of the hyperalgesia priming rat model

QIU Mengting, XI Danning, WEI Naixuan, WANG Sisi, YI Min, GUO Zi, FANG Junfan, FANG Jiangiao, DU Junying"

(the Third School of Clinical Medicine, Zhejiang Chinese Medical University, Key Laboratory of Acupuncture and Neurology
of Zhejiang Province, Hangzhou 310053, China)
Corresponding author: DU Junying. E-mail: dujunying0706@ 163. com

[ Abstract] Objective To explore the temporal characteristics of anxiety-like emotions induced in the hyperalgesia
priming rat model and the excitability changes in the anterior cingulate cortex (ACC) via dynamically observing the paw
withdrawal thresholds ( PWTs ), anxiety-like behaviors, and immediate early gene ( ¢-Fos) and paralbumin ( PV)
expression in the bilateral ACC at different time points. Methods The experimental rats were randomly divided into the
sham hyperalgesic priming (SHP) group and the hyperalgesic priming (HP) group. In the HP group, 100 wL of 1% \-
carrageenan ( Car) was subcutaneously injected into the left hind plantar (first time), and after the PWT returned to the
basic level, 25 pL of prostaglandin E,( PGE,) (100 ng) was injected into the left dorsum (second time). In the SHP
group, an equivalent volume of saline was injected (first time), and the same volume of PGE, was then injected ( second
time). We measured the PWT of the hyperalgesia priming rat model before modeling ( base) , and at 4, 24, 48, 72 h, and
10 d after Car injection, and at 1, 4, 24, 48, 72 h, 7 d, and 14 d after PGE, injection. Anxiety-like behaviors were
observed in an open field (OF) at 24 h, 7 d, and 14 d after PGE, injection, in an elevated zero maze (EZM) at 24 h, 8
d, and 15 d after PGE, injection. Immunofluorescence was used to detect the expression changes in c¢-Fos and PV-positive
cells in the bilateral ACC. Results Compared with the SHP group, the PWTs of the HP group were significantly reduced
at 4, 24, 48, and 72 h after Car injection (P < 0.01) and recovered to the basic level at 10 d after Car injection (P >
0.05) ; whereas, the PWTs significantly decreased at 4 h after PGE, injection and remained low for 14 days (P < 0.01).
Compared with the SHP group, the total distance, the distance in the central area, the time in the central area, and the
number of central zone entries in the OF of the HP group were significantly reduced at 24 h after PGE, injection (P <
0.05). The total distance, the distance in the open arm, the time in the open arm, and the number of open arm entries in
the EZM of the HP group were significantly reduced compared with the SHP (P < 0.05). Interesting, there was no
significant difference in anxiety-like behaviors in the OF and EZM at 7 d (or 8 d) and 14 d (or 15 d) after PGE, injection
between the SHP and HP groups (P > 0.05). Compared with the SHP group, c-Fos positive expression in the bilateral
ACC of the HP group was significantly decreased at 10 d after Car injection, while it was significantly increased at 24 h and
8 d after PGE, injection (P < 0.01), but there was no significant difference at 4 h and 15 d after PGE, injection (P >
0.05). There was no significant difference in PV-positive expression in the bilateral ACC at 10 d after Car injection and
4 h, 24 h, and 8 d after PGE, injection (P > 0.05). PV-positive expression on the ipsilateral side of the HP group was
significantly decreased at 15 d after PGE, injection compared with that of the SHP group (P < 0.01). Conclusions The
hyperalgesia state in the hyperalgesia priming rat model can last for more than 14 days, accompanied by transient stress
anxiety-like behaviors; however, it is not easy to induce persistent anxiety-like behaviors. The ACC excitability was in a
state of compensatory inhibition before the transition, but was enhanced after the transition, characterized by increasing
c-Fos expression in the early transition stage and decreasing PV expression in the later stage.

[ Keywords] hyperalgesia priming; anxiety; anterior cingulate cortex; behavior; paralbumin
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Note. Compared with the SHP, ™ P < 0.01.

Figure 1 PWTs at different time points in each group rats
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FEfG 4, WIE 2A,2C,2D AT, PGE, S/ 7 d M1 B KRG #2257 (P > 0.05) , 2552 £ PGE, I
14 d, S A LR, B A KR OF Bz ghiEes . $5 7 d il 14 d Bk A KRS shRe K, R bt
W X Sl B e (S R A A R R e e AR BRI EEREAT R

S IREBLEAML, P < 0.05, " P <0.01, (TFEIR)
B2 HHKRERFEINES OF 174%
Note. Compared with the SHP, P < 0.05, ™ P < 0.01. (The same in the following figures)

Figure 2 OF behavior at different time points in each group rats

B3 HAKRARIE LS EZM 17h%

Figure 3 EZM behavior at different time points in each group rats
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B B AR R T
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Figure 4 Expression of c-Fos positive cells in ACC at different time points in each group rats
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Figure 5 Expression of PV positive cells in ACC at different time points in each group rats
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Circadian clock protein Rev-erba agonist inhibits high-fat diet-induced
inflammation of the prostate tissue in mice
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[ Abstract] Objective To verify whether Rev-erba agonists can inhibit the inflammation of prostate tissue in mice
induced by a high-fat diet, and to explore the mechanism of action. Methods C57B/6] male mice were divided into four
groups: normal diet group, high-fat diet group, high-fat diet + SR9009 group, high-fat diet + control group. The body
weight, peripheral blood cholesterol, triglyceride level, and prostate weight were measured. The prostate tissue was stained
with hematoxylin-eosin (HE) , subjected to transcriptome sequencing, and the expression levels of IL-6, IL-8, IL-13, NF-
kB-P65, and CCL21 were evaluated by immunohistochemistry. Results Compared with the normal diet group, the body

weight, prostatic index, and the serum TG and TC levels of mice in the high-fat diet group were significantly increased, and
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the body weight, prostatic index, and serum TG and TC levels of the mice in the high-fat diet + SR9009 group were

significantly lower than those of the high-fat diet + control group mice. HE staining showed that inflammatory cell

infiltration into the prostate tissue of the mice in the high-fat diet group was increased compared with the normal diet group,

and inflammatory cell infiltration into the prostate tissue of the mice on the high-fat diet was reduced after intervention with

SR9009. The expression levels of Ccl21a, Cer7, Tlr4, 116, I11b, and Cxcr2 were higher in the high-fat diet group than in

the normal diet group, as demonstrated by heatmap analysis, but these expression levels were lower in the high-fat diet +

SR9009 group than in the high-fat diet + control group. The differences in the expression intensity of 1L-6, IL-8, IL-1p,

NF-kB-P65, and CCL21a in the prostate of the four groups of mice were consistent with the differences in the sequencing

result. Conclusions The circadian clock protein Rev-erba can regulate the inflammation level of prostate tissue induced

by a high-fat diet through the NF-kB pathway.
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Table 1 Body weight of mice(x s, n = 10)
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Normal diet group
]
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E.“ (=Y - é
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T SR AL, S P < 0.01; SERIKE + control 411LHE, " P < 0.05,
Note. Compared with the normal diet group, *P < 0.01. Compared with the high-fat diet + control group, * P < 0. 05.
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Table 2 Comparison of prostate weight and blood lipid indexes of mice(x +s, n = 10)
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high-fat diet + control group, * P < 0.05. Compared with the high-fat diet + control group, ¥P < 0. 0001.
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Note. Black arrows indicate inflammatory cells.

Figure 2 HE staining of prostate
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Table 3 THC scoring of prostate tissue in four groups of mice
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<0. 001 <0. 001 0. 002

T SRR T - 0 IV 1 5 B 2. PR BRI S 3 B I

Note. IHC detection of protein expression intensity. 0. Negative. 1. Weakly positive. 2. Moderately positive. 3. Strong positive.
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Pathological and ultrastructural observations of lung metastases from Lewis
subcutaneous grafts in C57BL/6 mice
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[ Abstract] Objective To establish a lung metastasis model based on Lewis subcutaneously-implanted tumors in
C57BL/6 mice, and observe the pathological and ultrastructural changes in lung metastasis. Methods C57BL/6 mice
were subcutaneously implanted with Lewis cells in the armpit of the right forelimb. The tumor volume was measured
regularly and a survival curve was generated. Anatomical observations were performed on mice whose survival time was
more than 35 days, hematoxylin-eosin (HE) staining was used to detect pathological changes in the lung tissue, and the
ultrastructure of the lung tissue was observed by transmission electron microscopy. Results The subcutaneous tumor
formation rate of the right forelimb axillary was 100% at 14 days after inoculation, and mortality occurred from 22 days,

with a mean life span for the mice of (33.00 + 6.98) days. Anatomically, typical metastases were observed on the lung
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surface, which had a round translucent appearance and surrounding hemorrhage. HE showed intense staining of the lung

metastases, which were nearly round in appearance, with obvious boundaries with the surrounding tissue. The tumor cells

were closely arranged and contained abundant capillaries. Under transmission electron microscopy, the tumor cells in the

lung metastases showed significant atypia, including meganucleus, dicaryon, and singular nuclei. The cytoplasm of the

cells contained a large number of glycogen particles and mitochondria, and cell junctions were evident between tumor cells.

Conclusions Prolongation of the survival time resulted in the formation of typical lung metastases in mice with a

subcutaneous tumor. The pathological and ultrastructural changes in lung metastases were consistent with the characteristics

of malignant tumors.
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Figure 3 Anatomical observation of lung in mice
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Figure 4 Pathological observation of lung in mice
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Figure 5 Transmission electron microscope observation on lung of Lewis subcutaneous transplanted tumor mice
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[ Abstract] Objective To investigate whether the proportion of immune cells and related stem cells in the spleen of
APP/PS1AE9 Alzheimer’ s mice ( AD mice) is different from that of normal mice. Methods The spleens of 9-month-old

AD mice and their littermate normal control mice (six in each group) were collected. The ratio of CD4™ T cells, CD8" T
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cells, B cells, monocytes, macrophages, and dendritic cells in the spleens of each group were detected by flow cytometry.
At the same time, the ratio of cells with stem cell characteristics ( C-kit" Sca-1") among the above-mentioned cells was
detected and compared. Results The AD mice showed significant differences in behavior compared with the control mice.
However, there were no significant differences in the proportions of CD4" T cells, CD8" T cells, B cells, monocytes,
macrophages, and dendritic cells in the spleens of AD mice compared with the control mice. The proportions of C-kit*
Sca-1" cells in CD4" T cells, CD8" T cells, and B cells in the spleens of the AD mice were higher than those in the control
mice, but because of individual differences, this was not statistically significant; the proportions of C-kit" Sca-1" cells in
monocytes, macrophages, and dendritic cells were lower in AD mice than in the control mice. The difference between
macrophages and dendritic cells was statistically significant. Conclusions Although the proportion of immune cells in the
spleen of 9-month-old AD mice was not significantly different from that of normal control mice, in the myeloid cells of AD
mice, the reserve of cells with stem cell characteristics was significantly lower than that of normal mice. Furthermore,
compared with normal mice, the proportion of cells with stem cell characteristics among the lymphocytes was generally
increased for AD mice. Taken together, these result indicated that AD mice had accelerated immune senescence compared
with normal mice.
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Alzheimer’ s disease mouse model; splenic immune cells; stem cells; proportional differences
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Note. A. Sorting steps of CD4"T, CD8*T and B lymphocytes. B. Sorting steps of monocytes, macrophages and dendritic cells. C. Sorting steps
of C-kit™ Sca-1"cells.

Figure 2 Color scheme of immune cells in spleen and the procedure of flow cytometry

B3 /MU CD4™ T.CD8™ T B 40/ SR 40T  F W40 i LA ke DC 2 i LE 151
Figure 3 Proportion of CD4" T, CD8" T, B cells, monocytes, macrophages and DC cells in the spleen of mice
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Figure 4 Proportion of C-Kit" SCA-1" cells in CD4" T, CD8" T, B cells, monocytes, macrophages and

DC cells in the spleen of mice
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Pharmacokinetics of melatonin in simulated microgravity rats
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[ Abstract] Objective To study the pharmacokinetics of melatonin in rat plasma under conditions of normal gravity
and simulated microgravity. Methods First, an ultra-high-performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS) method was established to determine the concentration of melatonin in rat plasma. The simulated
microgravity model of SD rats was established by 21 days of tail suspension. The rats in the normal gravity group were used
as the control. After 21 days, the rats in both groups were administered melatonin (0. 27 mg/kg) by single gavage. Blood
was taken from the jugular vein at 5, 10, 15, 20, 30, 40 min and 1, 1.5, 2, 4 and 6 hours after administration, and the
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plasma was separated. The concentration of melatonin in the rat plasma was analyzed by the above-established UPLC-MS/
MS method and the pharmacokinetic parameters were calculated. Results Within the concentration range of 0. 1 ~ 50 ng/
mL, the linear relationship of melatonin in plasma was good. The relative standard deviation (RSD%) for both intra-day
and inter-day precision was < 10. 99%. The extraction recoveries of low, medium, and high concentrations (0. 1, 25, and
50 ng/ml) were between 99.3% and 115.3%, and there was no obvious matrix effect. Compared with the normal gravity
group, the pharmacokinetic parameters of melatonin in the plasma of simulated microgravity rats changed significantly.

There were significant differences in time to reach maximum concentration ( 7T, ), area under the plasma

concentration-time curve (AUC, ,) , plasma clearance (CL) , and mean residence time ( MRT, s, ) (P < 0.05). The

T.,AUC, ¢, , CL, and MRT, ., values in the plasma of simulated microgravity rats were 1.6, 3.1, 0.34, and

1. 56 times those of the normal gravity control rats, respectively. The bioavailability of melatonin in the microgravity rats

was 312.5% that of the normal gravity rats.

Conclusions

Compared with normal gravity, the pharmacokinetic

characteristics of melatonin changed significantly after 21 days of simulated microgravity.

[ Keywords)
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AT RERE AR PR R EIER B [ F M 1 ng/mL SRR SRR EEEC T 3 H 5 5B R (0. 27 mg/kg)
10 min J5 L3¢ AR R A G I A T R BRSSP AR SR BRI B A 35 1 B I . 25 FLILR N | ng/mL 48 35 P AR ER R
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Note. A I. Chromatogram of melatonin in blank plasma of rats. B I . Chromatogram of melatonin after adding 1 ng/ml melatonin to blank
plasma. C I. Chromatogram of melatonin in plasma 10 minutes after intragastric administration of melatonin ( 0.27 mg/kg). A II.
Chromatogram of internal standard diphenhydramine hydrochloride in blank plasma of rats. B Il. Chromatogram of internal standard
diphenhydramine hydrochloride after blank plasma plus 1 ng/mL melatonin. C II. Chromatogram of internal standard diphenhydramine
hydrochloride in plasma 10 minutes after intragastric administration of melatonin (0. 27 mg/kg).

Figure 1 Representative chromatogram of melatonin and internal standard diphenhydramine hydrochloride in rat plasma

R 1 ABRERAERRUMIE PR EE SHEREZ (% £ 5,0 = 6)

Table 1 Precision and accuracy of melatonin in rat plasma( x £ s,n = 6)

H N Intra-day

H [d] Inter-day

WS (ng/mL . . | N
Concenlra(tioi/( ng/)mL) Meaflﬂi{ﬁv;Zirr?;/) mL) RSD(%) A{%fify( (nrgl;g/;/nrlr]lJL)) Mea?ji{%ilzz?;/) mL) RSD(%) gﬁﬁlﬁf}f( (Ly‘;o))
0.10 0.10 = 0.00 3.34 98.92 0.09 + 0.01 10.99 89.43
25.00 24.46 = 0.62 2.52 97. 86 25.20 + 2.00 7.95 100. 83
50. 00 51.99 + 3.58 6. 89 103. 98 55.27 £ 3.22 5.83 110. 55

2. 1.4 JIRE IR R BN,

BOK Blas (B, # 1.2.3 Bk 5y se b 3
1. 2. 4 R &R0, 7 AArifE 28, 1R R R 1
m,, KFCHE (m,) AR RIS 2 (i 6l
AR RAR P 3 ANV (0. 10,25. 00,50. 00
ng/mL) PR HE T4 T AR, BN R EE 6 107, [R5
P, AARHEM 2, IR R R & m,, @i (m, -
m,)/m, TFEANAE R, R BR8P S
3 ANV BEE B A [mLSCR 43 51 R (99.31 + 7.90) % |
(103.25 + 3.72)%HF1(115.32 + 8.50) % ,RSD% 4}
WA 7.95%,3.58% Hl 7.37% , 5 45 5 W RE 5 4y
BrEesk .,

BUK Blas (I3, ¥ 1.2.3 Fr ik Oy i 4k B
1. 2. 4 T 24307 7 ABRUE R 1R SR R A
n, . BEEVATE AR AR A (K R S A
R ZAR 3 VR EE (0.10,25.00,50. 00 ng/

mL) AR HERTEE AR, BN 6 1y, R HRAE,
WASMEMZ, F AR R R & n, . B H NG/ H B
(1= 1,v/v) 1A W ) 81y R B2 4 0. 10,25. 00,
50. 00 ng/mlL [ ZR 5 TAEW, [ HAE A bR
2 SRR R E n,, AT (n,-n, ) /0y THEIERL
N, ZEFR SR K R 3 AR L RN 4 )
(92,50 £ 3.20)% . (105.61 = 5.60) %F1(110. 80
+4.21)% ,RSD% %3 3 K 3. 46% ,5.30% F1 3. 79%,
TGRS AT K
2.1.5 FRUEMHELE

P2 1. 2.2 WUR (3) thyr ik BC iR e 3 Ak
J&(0.10.,25.00,50. 00 ng/mL) FFxR e T 35 TAE IR
W, A AERIRCE O h J 12 h 4°CHilLE 24 h,
~20°C %A T d Z—-80°CHAE 1 D H IR ENE, 45
2 Frow, 3R 2 Al 0L AR SR ZAE A7 AN 2
rhiRE P RIS,



492 o E S E R 2022 4 8 45 30 %45 4 ] Acta Lab Anim Sei Sin, August 2022, Vol. 30, No. 4

R2 KRB RBROTEENE(x £ 5,0 = 6)

Table 2 Stability of melatonin in rat plasma( x + s,n = 6)

KR T RE (%)

e BF (ng/mL) Stability in rat plasma (%)
Concentration( ng/mL) EHO0h EH 12 h -20C 1 A
Room temperature 0 h Room temperature 12 h 4C 240 —20C 7 d -20°C 1 mouth
0.10 105.82 + 9.52 100. 60 + 10.20 98.74 £ 9. 84 102.30 + 10. 54 110.22 + 8.24
25.00 99.53 +7.73 102.93 + 8.91 98.92 + 6.92 103.92 + 7.54 106. 84 + 8.20
50. 00 103.84 + 6.42 98.64 = 7.82 105. 41 + 6.30 101.83 + 7.22 99.72 + 8.22
2.2 MBEBREXRBABHAKHNZFE WERF R (T,,.) .0 ~ 6 h &) — B it 4~ 1

SR EINH A&, KA 0. 27 mg/kg
HEH 4 SRR R 40 24 )5 A7 24 i 2 ik B — ek (] ity
2aniE 2 B, 254RBh S fE B AR R AN SR 3 BR
HT P 2 ] D A PR R A A Bl i 7 2R LA P £ T
RActs . i 3 W] UL, A ZH R LI P Al 2R R i

2 WRRTERBUANMZA-RIHZ( 2 £ 5,0 = 6)
Figure 2 Concenteation-time curve of melatonin in
rats( £ = s,n = 6)
F3 RMAMRS SHBREMFELL 7
S8 (x+s,n = 6)
Table 3 Main pharmacokinetic parameters of melatonin after

oral administration in rats( £ * s,n = 6)

g Wt ERma AR
Parameters Unit Control group . Slmu]baled
microgravity group
Ly h 1.96 + 1. 13 3.04 + 1.34
T oo h 0.11 + 0.04 0.18 + 0.03"
C ng/mL 2.79 £ 1.47 3.09 + 1.70
AUC ¢, ng. h/mL 1.36 £ 0.78 4.25+2.69"
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[ Abstract ]

polysaccharide (PSP) on the cognition deficits induced by simulating an enclosed space in mice. Methods

Objective  To study the protective effect and mechanism of action of Polygonaii rhizoma
Male ICR
mice (n=72) were randomly divided into four groups: control group, model group, positive control drug treatment group
(huperzine-A) , and PSP treatment group ( 100, 200, 400 mg/kg). With the exception of the control group, all other
mice were subjected to chronic restraint stress ( CRS) for 35 days to establish a mouse model of cognitive impairment
(restraint intensity 10 h/d, 22:00 until 800 the next day) and body weight monitoring was conducted. Then, behavioral
tests were performed, including an open field test, object recognition experiment, Morris water maze task, and a passive
avoidance method. The levels of Superoxide dismutase (SOD) and Malondialdehyde ( MDA ) in the serum and the
hippocampus, and the levels of Catalase (CAT), Corticosterone (CORT) , and Acetylcholine (Ach) in the hippocampus
were measured. Results The open field test showed that CRS did not affect the locomotor activities of any of the groups.
Compared with the control group, the discrimination index (DI) of the CRS model group in the object recognition
experiment was significantly decreased (P < 0.01, P < 0.001), the errors times increased and the latent period decreased
in the passive avoidance test (P < 0.05), and a longer escape latency in MWM ( Morris water maze ) was observed in the
CRS model group (P < 0.05). Furthermore, in the CRS model group, the SOD and CAT levels were significantly
decreased, MDA was increased, and CORT and Ach were significantly increased both in the serum and hippocampus (P <
0.05, P < 0.001). In comparison with the CRS model group, the above indicators were markedly reversed in the PSP
groups. Conclusions The result suggested that PSP treatment can improve the cognitive impairment induced by simulating

an enclosed space in mice, by mechanisms that involve the amelioration of oxidative stress damage, elevation of
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neurotransmitter levels, and regulation of the hypothalamic-pituitary-adrenal axis.

[ Keywords)

impairment; mechanism
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Figure 2 Effects of PSP the locomotor activities of mice induced by CRS in open field test ( & + sx,n=11 ~ 12)
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Figure 3 Effects of PSP on the exploration ability of CRS
mice in the familiarization phase of the novel

object recognition task( % + sx,n = 11 ~ 12)
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Note. Compared with control group, ™P < 0.01. Compared with model
group, “P < 0.05, P < 0.01. (The same in the following figures)
Figure 4 Effect of PSP on test phase of novel object recognition
task of mice induced by CRS ( % £ sx,n = 11 ~ 12)
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AL ENH IR R ] A0 (2 + s2,n = 11 ~ 12)
Note. A. Total exploration time. B. Exploration time for the
A1 and A2 objects, respectively.
Figure 5 Effects of PSP on the ability of exploration of CRS
mice in the familiarization phase of the object location

recognition task( & + sk,n = 11 ~ 12)
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Note. A. Total exploration time. B. Exploration time for the Al

and A2 objects, respectively. Compared with control group, **P <

0.001. Compared with model group, * P < 0.05, ** P < 0.001.

(The same in the following figures)

Figure 6 Effect of PSP on test phase of object location
recognition task of mice induced by CRS
(xxsk,n =11~ 12)
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Figure 7 Effect of PSP on mice induced by CRS in passive avoidance test the latent period( % + s¥,n = 11 ~ 12)
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Figure 8 Effect of PSP on mice induced by CRS in passive

avoidance test the errors times( & + sx,n = 11 ~ 12)
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Figure 9 Effect of PSP on escape latency in Morris water
maze task of mice induced by CRS( % + sx,n = 11 ~ 12)
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Figure 10 Effect of PSP on number of platform crossings in
Morris water maze task of mice induced by CRS

(xxsk,n =11 ~ 12)
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Figure 11 Effect of PSP on oxidative stress activity in serum of mice induced by CRS( % + sk,n = 11 ~ 12)
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B 12 BRSO M R R R U S A SN (& £ sk 0 = 11 ~ 12)

Figure 12 Effect of PSP on oxidative stress activity in hippocampus of mice induced by CRS( x + sx,n = 11 ~ 12)
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Figure 13  Effect of PSP on HPA aix in hippocampus of
mice induced by CRS( % + s¥,n = 11 ~ 12)
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Figure 14 Effect of PSP on Ach level in hippocampus of

mice induced by CRS( % + s¥,n = 11 ~ 12)

3 g

5T 2B, ML A PR A 358 25 52 W A R 53 AR T R
itie, IS B0t KR 03 TAERE 1 T g, f& Je 2 4
B G RpERRE T Aas 22 rfoR 30 0 e i R BRI R i
RANGEATEE 2 BEBUR A 1 S HL T B 5 RN,
IO BIRYT , AT BE 2 1 N 0 e | AR TE AT
FkE2rrh e 250890 CRS BRI R B 4 K
R 25 BT S5 1 N A A3 119 28 B sl W A A | HG
A SR AT R B o AN B 4 /N BRI B
PR 401 32 B 7 A s 8L 9800 SO A S B 18 %
Az 20 EERR A ORI HARAE 2 h 3£ 30 d,
PEUTT CRS X & K B2 2 D12 Be ) g B4 4R
[l X 24ty M LR A5, &3 CRS 52 T & K
B2 2O IZ TR s SR B 2 R A H R4 3 b, i 4k
WAl 7 21 d BF5Y 3 3 O 18 o A Kk B2
ICAZRE TR B2 27 SR AR H 10 h, 4R
48 35 d WFT G R R8P R AN B2 21 e 42 T
SO, PR A AR /N B AR B T A A
O PRN S0F5 T /N BN SN RS, 55 00 K 53 A K 25 B 1Y
HETRAS T — 8, R AR 52 56 2R A8 1 e 4
SEASEAT AR /N A 1155 /N BOA N D) BE AR A5 78

ULHTAFFE R W], CRS &1 L sh W iR B F &>
ARSI S R 7EAS IR SRS B, 45 1 A2 /N R
A EE 34 ] 0 R AT , 3R I S W 7E 1 D A T 0 /N s )
MR A T HUARRRAS e Ay, AR I Ak S50 B s, O
HI IR 2 A 45 o A 0 39 1] /) BOR 67 o
AR A TR E X 5 ILRTAFSE Y CRS A T o))
VIR R4 A —3 . A£G



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

Z5RRFE A /INAL /N B 2 3 5 R B AR AR AL 7
[A]—7K-F-, & ] CRS AR F /N A Fiz3hEe
J1700, BRI R, B 220 0T LA k3% CRS 51
L H/N R g s S )24 ST E AL B
e S R AR T S e A S [R] A2 A 2T RE T Kk
B SLI PR B 28 )24 2] G0 A2 /R R AL
Z5RORE, O 2 0] B AL/ RIS |
SOD MDA ,CAT /K-, 3458 sh ¥ fit B AL BE 170 #F
SER WY, HPA %l 2 8 28 fiL w] gk — 25 i 5 A 0
N ARBIF ST HORG 220 nT LA [ A B AR/ B 5
CORT 7K°F, 45 HPA %1, 0KS 22 0534 w] 4 5 I 5k
RER G, Wi CIEIRGK (Ach) I AR , X
SR E S A8

L5 LRk, CRS 1 #E 25 51 R /) B2 [ F R =5
() A B R B 27 2] e A2 D Re A 15, 1T RS 22 M T
P CRS @A S NI RES 15, 32 23R
FEHORE 22 W5 P 42 5 27 21 12425 405 /0y B A4 3% 51
e T Hsh ik ikt 58 ) 1 2S [B) 2 2T 1212 Be Oy, HAE
B AT B i 2k 479 i P A8 Ak D BOKSF-  HPA gl A
NHHKRE R G TIRE , AT 5T 45 5 mT Sk 80kS 2 08 FH Tt
K SS9 4 245 ) i 0t B B LAl

2 % 3 #(References)

[ 1] Z=500, Mhod s, BRI e, Al RN i 5 B b it (1],

LEBERLAEHERE ) 2013, 44(5) ; 354-358.

Li YH, Qu LN, Chen HL. Space stress injury and related

protective measures [ J]. Prog Physiol Sci, 2013, 44(5) ; 354

358.
[2] =8, ZHE PEAREEH R [T].

2005, 25(4) : 273-279.

23 [ B} 2 22 4

Yuan M, Jiang SZ. The progress of chinese space medicine [ J].
Chin J Space Sci, 2005, 25(4) . 273-279.

[ 3] Demontis GC, Germani MM, Caiani EG, et al. Human
pathophysiological adaptations to the space environment [ J].
Front Physiol, 2017, 8. 547.

[ 4] Tian Y, Ma X, Yang C, et al. The impact of oxidative stress on
the bone system in response to the space special environment
[J]. Int J Mol Sci, 2017, 18(10) : 2132.

[5] g, R, T30, & BERUNTRR KRR T R BIA K
Traersgmd [J]. B E R ERIRE, 2013, 23(10): 58
-62.

Ma JY, Chen LL, Wang Q, et al. Influence of simulated
spaceflight environment on cognitive functions in rats [ J]. Chin ]
Comp Med, 2013, 23(10) : 58-62.

[ 6] Frantzidis CA, Kontana E, Karkala A, et al. Current trends and
future perspectives of space neuroscience towards preparation for
interplanetary missions [ J]. Neurol India, 2019, 67 182-187.

[ 7] #ar, 27, KasC, . SERBRE MR N0 5/ B

[8]

[10]

[11]

[12]

[14]

[15]

TSR (], 2R SR ek
2021, 35(9) : 653-654.

Huang H, Jiang N, Zhang YW, et al. Fresh Gastrodia elata
ameliorates learning and memory impairments in chronic restraint
stress induced mice [ J]. Chin J Pharmacol Toxicol, 2021, 35
(9): 653-654.

Bigy, RS, W, . AS BRI R REMME TR
R ~IDIZAR O RSB R B PE T (D], SRR I 24 2%
i, 2021, 27(7) : 49-56.

Bao Y, Chen Y, Zeng GR, et al. Protective effect of total
ginsenoside ginseng root on learning and memory impairment and
anxiety in rats induced by hindlimb suspension [ J]. Chin J Exp
Tradit Med Form, 2021, 27(7) : 49-56.

ZT, B, TE, 5. NS R Rgl X8 Mo 4 i
R BB A HTAMAR A (3€30) [J]. Digital Chin Med, 2019,
2(4) . 207-218.

Jiang N, Lv JW, Wang HX, et al. Antidepressant-like effects of
ginsenoside Rgl in the chronic restraint stress-induced rat model
[J]. Digital Chin Med, 2019, 2(4) . 207-218.

FRL, XNSCHE, M, S5 SORT 200 b P Ik ok i K B >
ICAZ RN 2L PS-1 BRI RYSZm [J]. P P B 2UE,
2016, 25(3) : 408-410.

Wang W, Liu WB, Tang W, et al. The effects of polygona-
polysaccharose on learning and memory and PS-1 protein
expression of rats with chronic cerebral hypoperfusion [J]. J
Emerg Tradit Chin Med, 2016, 25(3) . 408-410.

Fl, RSCHEE, FEAR, S TR 200 X8 e o R R 2
ICAZ BB B-FER AR RIS [J]. R 2GS,
2016, 22(16) : 26-29.

Wang W, Liu WB, Tang W, et al. Effects of Polygonatum
polysaccharides onlearning and memory and B-amyloid in brain of
rats with chronic cerebral ischemia [ J]. Guiding J Tradit Chin
Med Pharma, 2016, 22(16) : 26-29.

FEfh, TRk, WEEH, S SORT 20 b P I ki K B >
IC1ZRE ) B i 4H SO s M e (7], v E b R 2R
2017, 24(2) . 173-176.

Tang W, Wang W, Tang LY, et al. Effects of polygonatum
polysaccharides on learning and memory and ultrastructure
changes of brain tissue in rats with chroniccerebral ischemia [ J].
Chin J Tradit Med Sci Technol, 2017, 24(2) . 173-176.

WREC K, XFLAR, R, 45 FOR 20X IR 9 B A
FUBE D £ p38MAPK/N-cadherin (520 [J]. HHEZ =S
IR, 2021, 35(9) ; 659-660.

Chen YF, Liu KF, Wu SM, et al. Effect of rhynchophylline on
p38MAPK/N-cadherin in zebrafish with Alzheimer disease [ J].
Chin J Pharmacol Toxicoly, 2021, 35(9) : 659-660.

Zhou Y, Yan M, Pan R, et al. Radix Polygalae extract exerts
antidepressant effects in behavioral despair mice and chronic
restraint stress-induced rats probably by promoting autophagy and
inhibiting neuroinflammation [ J]. J Ethnopharmacol, 2021,
265 113317.

B, R, RV, . WRAN—ZET YA L



 [E SIS SR 2022 45 8 A E5 30 55 4 8 Acta Lab Anim Sci Sin, August 2022, Vol. 30, No. 4

503

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

TR —F 2 AN T R ST [T]. P P e 2 4
&, 2018, 28(3): 21-27.

Lyu JW, Song GQ, Dong LM, et al. Object recognition test-a
method to assess the learning and memory in mice based on their
spontaneous behavior [ J]. Chin J Comp Med, 2018, 28(3) : 21
-27.

Lu C, Gao RJ, Lv JW, et al. Neuroprotective effects of soy
isoflavones on chronic ethanol-induced dementia in male ICR
mice [ J]. Food Funct, 2020, 11(11): 10011-10021.

WAER, B, XHTR. BRI R X2 L1 D aEse
WA BB I A S B ()], MR BESR H E T R,
2007, 20(5) : 385-390.

Fan QC, Li YZ, Liu XM. Progress and countermeasure of effect
of space flight environment factors on learning and memory
function [J]. Space Med Med Eng, 2007, 20(5) : 385-390.
Stein TP. The relationship between dietary intake, exercise,
energy balance and the space craft environment [ J]. Pflugers
Arch, 2000, 441(2-3) . 21-31.

Qi XL, Lin WJ, Li JF, et al. The depressive-like behaviors are
correlated with decreased phosphorylation of mitogen-activated
protein kinases in rat brain following chronic forced swim stress
[J]. Behav Brain Res, 2006, 175(2) : 233-40.

Xu P, Wang KZ, Lu C, et al. Effects of the chronic restraint
stress induced depression on reward-related learning in rats [ J].
Behav Brain Res, 2017, 321, 185-192.
Hwang KA, Hwang HJ, Hwang YJ, et al. Mustard leaf extract

suppresses psychological stress in chronic restraint stress-

stress  hormone,

Nutrients, 2020, 12

subjected  mice by  regulation  of

Neurotransmitters, and Apoptosis [ J ].
(12) : 3640.
EHE, B, B, P P R ke S W A R T
IR IR rA ﬁ%ﬁ&ﬁ%w’ﬁt@li Sy P R B R K 14 5 TR
(1. HMRFFAM(EFR) , 2018, 44(1) : 8-12.
Wang WY, Chen L, Yue XL, et al. Effects of chronic restraint
stress on abilities of saptial learning and memory and levels of
excitatory amion acids in hippocampal dentate gurus in old rats
[J]. JJihn Univ (Med Edit) , 2018, 44(1); 8-12.
HeHr, Btibag, WEdL, A X A8 P RO AF T ST AL
Eﬂikfﬁ“’/he {ZfE 71 K NGF\p75NTR KIKMEEW (1], T
B h BRI A, 2022, 28(5) : T18-722.
Zhang Z, Hong MY, Lan MM, et al. Effects of Xiaoyao powder
on learning and memory ability and expression of NGF and
p75SNTR in rats with chronic restraint stress syndrome of liver
depression and spleen deficiency [ J]. Chin J Basic Chin Med,
2022, 28(5): 718-722.
Wang HX, Jiang N, Lv JW, et al. Ginsenoside Rd reverses
cognitive deficits by modulating BDNF-dependent CREB pathway
in chronic restraint stress mice [ J]. Life Sci, 2020,
258, 118107.
By, £, BIOK, PR NI R BUA T SR
5 AR E"J*ﬁﬁ‘fﬁiﬁﬁﬁ (I, v o 2 A A 2 s,

2019, 35(7): 1302-1309.

[26]

[27]

[29]

[30]

[32]

Zhao D, Wang SX, Liang W], et al. Correlation between fecal
metabolites and body weight/food intake in rats after chronic
immobilization stress [ J]. Chin J Pathophysiol, 2019, 35(7) .
1302-1309.

TR, R, TKRBEET, S D X0 R A SR B
BRI RALRIBRGE (1], RERE, 2022, 41(1) .
83-90.

Wei Z, Gao RJ, Zhang YY, et al. Protective effects of S-equol

on chronic restraint stress-induced depressive-like behavior in

mice [ J]. Soybean Sci, 2022, 41(1)~ 83-90.

JKAAE, S, NEE, . LS 2B RIS Al N
):/J\EEW\%IJ%‘HEI@%E‘JE&%VFFH&*E?@HH@‘ [l f“%‘?ﬂ%
AR, 2017, 30(2) : 111-115.

Zhang ZX, Qiu HQ, Sun MY, et al. Improving effect of
salvianolic acids on cognitive dysfunction caused by chronic
restrain stress and its mechanism in mice [ J]. J Clin Neurol,
2017, 30(2): 111-115.

L, MRS, 2T, . SRR RN T YA S L
AP SR AR [J]. R 2y, 2020, 51(9): 2509
-2516.

Huang H, Chen BQ, Jiang N,

et al. Fresh Gastrodia elata

ameliorates learning and memory impairments in sleep
interruption induced mice [ J]. Chin Tradit Herbal Drugs, 2020,
51(9) : 2509-2516.

Skff, NG, FIES, S RFONE B
LR F1 M BCE A FH B FE0G Keap1/Nef2/ ARE 17558 e (1 411
il (1], FMORZE2AMR (BE2ERR) , 2020, 46(4) : 771-778.
Zhang Q, Feng QX, Zhou ZY,

eleutheroside B on the learning and memory abilities of fatigue

95N i

et al. Improvement effect of

mice and its mechanisim of actuvating Keapl/Nrf2/ARE
signaling pathway [J]. J Jilin Univ, 2020, 46(4) . 771-778.
BB, BB, T2, . JeMRROR Ml A AT
PERA R AR RIS (1], H ALY Tk, 2021, 51(11)
1095-1101.

Tang Y, Lv XF, Wang Y, et al. Study on chemical components,
antioxidant activity and cognitive improvement of borneol essential
oil [J7. 2021, 51(11) ; 1095
1101.

Ruan L, Du K, Tao M, et al.
60-7550  Ameliorates  AB-Induced

Chin Surfactant Deterg Cosmet,

Phosphodiesterase-2 inhibitor bay
cognitive and  memory

impairment via regulation of the HPA Axis [J]. Front Cell

Neurosci, 2019, 13 432.

XEEEg, 2RUb, 5015, R M DRI S R 2D
AT FeIZ KRRy mg [J]. defe R4k ( A kB2
W), 2021, 22(2) : 192-197.

Liu LL, Li HY, Yuan GX. Effect of polygonatum sibiricum
polysaccharides on learning and memory in D-galactose-induced
aging mice [ J]. J Beihua Univ(Nat Sci), 2021, 22(2): 192-
197.

[KFEEHH] 2022-05-19



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

KRR, G A 5KWT, 45, 3D [BIRE AL I 500 0 /N B R L 2 s (0] PR SEse sh P4l 2022, 30(4) :
504-512.

Song CC, Kang TS, Zhang M, et al. Effects of microgravity on skeletal and metabolomics of mice simulated by 3D clinostat [ J]. Acta
Lab Anim Sci Sin, 2022, 30(4) : 504-512.

Doi; 10. 3969/j. issn. 1005-4847. 2022. 04. 008

3D [ i {SORRE DL Bl Ei g 280 X6 /)N B i A
TR 40 7 1Y 52 1
RER,EGE, KA, &Y, LR, HHE"

(IR S R S S DRSE ST U5 R S 5 LB P L5 100021)

[FE)] B 3D FHEUBE 2 BN T 402 AL R ) 3 RIS (LR 18 R ST A 6
A 25 S SIS R R VR AL . ik % 30 H 8 SRR it CSTBL/T /N ERUBEAL A A 3 41 . it 5738 XL
FEH(MCH,n = 6) ,AEAFEH(SB A ,n = 12) ,3D FIFHLA(CS H ,n = 12) . TLIETHIE , ] Micro-CT Al />
RABE ERAED ., KA 2R g A, &R 3D MUEUERE, CS 4/MNRE I B /NREE
W (P < 0.05) FlE/NREEIFEIE N (P < 0.5) BFHIE, ERITd2Erh Rl CS AA 86 MR B A B EMEE R,
ek SR EES 5 T EARIHARBCRT Y RSB S i 3D MU B E Sy sk 51
T C57BL/J /INERHE 25 AR R0 S A sl B el 2%

[RR] 3D MG i Iy 5 AR s Micro-CT; CSTBL/J /N 1 2 2% 5 s sl

[FES>ZES] 095-33 [ XEktRiIREG] A [ XZEHS] 1005-4847 (2022) 04-0504-09

Effects of microgravity on skeletal and metabolomics of
mice simulated by 3D clinostat

SONG Chenchen, KANG Taisheng, ZHANG Meng, GAO Kai, SHI Xudong, GUO Jianguo”

(Tnstitute of Laboratory Animal Science, Chinese Academy of Medical Science (CAMS) , Comparative Medicine Center,
Peking Union Medical College (PUMC) , Beijing 100021, China)
Corresponding author: GUO Jianguo. E-mail: mybestguo@ 163. com

[ Abstract]  Objective  Three-dimensional (3D ) clinostat has been widely used to simulate the effect of
microgravity effect on plants, cells, and nematodes. Although its mechanism in models other than rodents has been
discussed, no rodent model has been established and discussed mechanism. Methods Thirty 8-week-old male C57BL/J
mice were randomly divided into three groups: independent ventilation cage group (MC, n = 6), survival box group (SB,
n = 12), and 3D clinostat group (CS, n = 12). After the study, loss of the left femur was detected using Micro-CT and
serum metabolite changes were tested using metabolomics. Results ~ After 3D clinostat treatment, the trabecular number
decreased (P < 0.05) and trabeculae spacing increased (P < 0.5) in the CS group. Eighty-six metabolites in the CS
group exhibited significant differences in metabolomics. These differential metabolites were mainly involved in protein
digestion and absorption, and mineral absorption. Conclusions 3D clinostat microgravity induced bone loss and changes in
metabolites and metabolic pathways in C57BL/J mice.
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TEAR 25 W b A7 3 T SE 50 Y AR L SR
1%, A R AE M Tan by A R ) B B A I JR] K
TCH R 2204 ) S 80 R T
5% FZARE T sh i gl >0 | 3D [l e )
T2 0 ST A A0 AN £ R A B TR ) O Y
WFEH, BN Ry AR AR B ) RO B A I ik 2
— o {HJE 3D [alE A 40 L T ) %0 XF C57BL/J
JIN B RN AR I 2 2 % 2 W o A RN PR, AR
WHoE B 76 # 57 3D [R] e AR 8L B JE O sk 1
CS7BL/J /N AL, #25% 3D [l g {X X} C57BL/]J
/0N B B R P 1, R R A 5 1 R g Ak
PR —Fh /N BB

1 #R57EZE

1.1 #HE
1.1 SEsh¥y

30 H 8 A HEENE SPF 2% C57BL/J /MR, 1K
H15~25 ¢, g T4t 5 4k 38 A 42 28 A [ SCXK (5)
2016-0006] . /NEBEE T 12 h CHEAN 12 h 2B #E
T, AHSG TEWHIK, BEPLSA 3 4 Bl KE
H(MC A ,n = 6);EFEH(SBA,n = 12);3D
WG AL (CS 4 ,n = 12) . A /DSBS I 1Rl 35 04
1A, iR SR A b B R 2 e s 2 S 2h A 9E BT

BRI [ SYXK (51)2019-0014] , A 5256 A
GETT RIS 55 3 ) 4 28 v [ I 2R B o B S 2 S
YT e B ZE b1 S (H LS . GIG21001) .
1.2 FEAFHER

T A, A BRER K, N ( Merck , {0 4l
1499230-935) , Z R 4% ( Fluka, {6314k, 17836-50G ) ,
K ( Sigma, {4 3% 2, 16748-250 mL ), Methanol
(Fisher Chemical, {f i 4li, A452-4) , HPLC it gh #H
A 7K +25 mmol/L Z, W& %% +25 mmol/L & 7K, HPLC
W B. 20,

3D [IEASUN S F v R 27 Bt [l 5% 25 [l Bl 2 vh
U A AE 8 (B F) 5 . 21.202022855659. 9 ) |, Micro-CT
HFH#54Y (Inveon, Siemens, Berlin, £ [ ) , Triple TOF
6600+ 1% ( AB SCIEX) , Agilent 1290 Infinity LC
R S TR 035 A8 ( Agilent ), I L & 3 550 AL
( Eppendorf 5430R ), & 3% £. Waters, ACQUITY
UPLC BEH Amide 1.7 pm, 2.1 mm X 100 mm
column , B BE RN (T IEHZ TY92-11) |, H 25 B0
e 4513 ( Eppendorf Concentrator Plus) , Votex %% 7
(i L EE QT-1), MP Fastprep-24 2] % X ( MP
SIMCA-P 16.1 ( Umetrics, Umea,

Biomedicals ) ,

Sweden) ,
1.2 A&
1.2.1 FEUHE f S EA R4

(1)3D [ S5 BEFEHESE . 2 A, T4 A7 i
¥ W E AR 400 mm x 300 mm, K HE 0 ~ 3
kg, JEHRAR: AR 400 mm x 300 mm, JEFRIR1H
HHER .+ 0 ~ 10 rpm, 530 #E% 0. 1 rpm, 10 ~ 30
rpm, S HER 1 rpm; BEALIER: 563 .+ 0 ~ 10 rpm,
B AHER 0. 1 pm, ATRWHESHZETT(=304d),

(2)3D [ HEAL L BE . 3D [0 HE XM o 2 B
oA [AIRF 7 ot AW K (T8 1A AU R ) 2%
o7 A JEER RN 2 L SCik O TR R, A A
BORTERIESS 12 5 S AR, (1) i T 360° jiE
B sz 20 SR E e 1 R AR, O M iE SRR
BT AT A e 8 1 JE (360°) T 7= A= 11 2K 1 Al
FFe0” e FE Sy, Wik, 3D [ REIE B4
LEWIL TR

) HEAFENA Ry TR/ RTE 3D [ |
AZRRA, Wt TN A B S AR AR (A
1B) 1 Fn/NRM A R X, 2 3R/ R AR
BIXIE, 3 s B YRR BUIE (B ALK 4 ) k5
X3,
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(4) 38 PR DI RN AL AS WS AR - 52 95 e W) 5 /) BRL
TN JE AR 1R, BN BURCE 7R 3D [l ig
I AT AL B B A /NRAE T IS, HOR, 5
Fit 53 R R 25 v 2 o 5 B R DA 5 iR 2K FE AR R AN R
JISE, HE LA A S SR B (AR SR AR, 1 d AR
BRI o PRI, TR AT 5 rp g S0 R A i R AT
THRE, fERREHSE, ¥ CS 4/ BUSRFE [ g 41X
Frd,RB 1 d, FEREA LR R AT A —
B lh iy BB R KOS/ N R AR B2, JF
RSB NRATE TG, WA WEE RN/ A N
BN (ULIE 1C.1D)

TRV RN T . CS /N EUE T 3D ikt
ARG, A SN B RIS
CS HIATIERMENZR 5 d, 38 B E] R 430k 1.2
4. 812 h KRB 2 d JFFFIRBFIE, CS 4l/NBRTE [ e
I AR ST 1 d, K8 1 d;SB 4/ R — BB
EAEAAF B HL  MC 4 — EBCE e SRl KU, 3
[ AT S0, SEE R R 12 JA], SEER 2 TR B
N BRI FIAE JBEB o A AR OB IR 3 S R 2 L
(50 mg/kg) BRI /N, 22 B LK IR 12
UL | —20°C 477 H T Micro-CT 434, 1fiL.7% —20°C
PRAF AR 450

T A 3D BIREI; B AR ; C ol W PEVNZRAS 1/ B D . 3D RIRESAL B (/N
B 1 3D [N AAE G LA/ AR TR B B IR A

Note. A. 3D clinostat. B. Survival boxes. C. Mice during adaptive training. D. Mice treated with 3D clinostat.

Figure 1 3D clinostat and survival boxes and the state of mice at different stages

1.2.2  Micro-CT #&:l]

i F Micro-CT }T]MS(( Inveon, Siemens, Berlin,
FEED) X/ R ZE BeE AT, iSO Bk,
60 kV , LI :400 wA | BEEFA] 800 ms, f#i [ Inveon
AT EUR R BHE 0 OF T B SN Gt
1.2.3 R 0r

100 g MLIHFEAE 400 wL 2 EP & A

200 pL :EQEB&{&( g =1 1(v/v) ,/H\IEHTL%
FRiC AR A W) , F8 43 i JE £ B I v o ) 1R 08
Pr, ¥ o 7E UK L% F 20 min, 2R 5 7E 4C
14 000 r/min #.L> 20 min, A €635 - 5035 50 A
FESLAE 100 L B9 ZBE/7K (1 = 1, v/v) 350 p i
fiff B R B WORE O b M AR 1 AR
A0 ) AR 2 2, B R DO KA T R )BT % ( Sciex
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Triple TOF 6600 ) — Hi % 25 H, 15 3% /K 1 AH H.AF ] 8
TEL X B B AT 4 B, WA 35 A B R
ACQUITY UPLC BEH Amide #£ (2.1 X 100 mm,
1.7 pm Fi4%2) , HPLC Ji 8 AH A (25 mm & BRI
25 mm 4% /K¥A W) F1 HPLC Vi3l 4 B ( 2 ) #6 )
PEME ., WK 0.4 mL/min, #E 25°C, A 3h JERE 5%
W 5°C  JEFE & 2 pLo BTl AU 7 B R IE i
BIMUR TR, 8 EST IR . Sk 254l B A
#r(Gas 1)= 60, HEIMMET 2(Gas 2)= 60,37
S (CUR)= 30,5 TR 600°C , B Tmi%s ik
(ISVF) + 5500 V, 7 H 3l MS/MS KA {35 K
£ m/z TG E N 25 ~ 1000 Da, 4= 7= 5 A9 L R
I ] 152 B 0. 005 Fb/3 Az 7= 1 R 4R R S
B R R A 5 B A RUE RIS, S50
BN R AE R E E O 35V, REfERE RN + 15
eV M FEHLF 60 v(+) F1 60 v(—) ; HEER 4 Da LN
1) TR AL 28 5 g Jo) 30 A ) g A 326 5 1. 10
1.3 FitFEoH

K Student’ s t-test FAAR T G5 143 B A1 IE 32
e/ T3k 1 - H B 43 BT (orthogonal  projections to
latent structures-discriminant analysis, OPLS-DA) i) £

JUARRGIT AT, L P < 0.05 #om BB G #E
S IFAF G AR T Y B2 B {H (variable importance in
the projection, VIP) > 1, i % i ¥ 4 35 22 5 A9 13l
Yy 8 0 22 S AR W R AT mURR SR I 5 R [ 4
H B 2 4 ( Kyoto Encyclopedia of Genes and
Genomes , KEGG) 7, f# | Graph Pad Prism 9.0
Gt A TR AL B, PR A ] LU R ¢ A
P < 0.05 FARBHE RA G E L,

2 #ZHR

2.1 3D EREQSURINME QX CS7TBL/Y /MR
B /N R E 2 F0 18 BE 7Y 20

BN I B A ISR BN B P B R
Yio B2 JRBLT AEAFE R 3D [RIRESOH /N B /N gE
B AE /N REERER . 5 MC A/ ARG, SB
ZH/IN BRI /N R e R /N2 R IR TG i 3 T 25
PR EfE B AN C5TBL/T /NI B S 5007 T
Y. 5 SB A/NRAEE, CS 41/ R /N8
EFHE(P < 0.05) ,B/NEEBEA T EBRE(P <
0.5) . 47l 3D Jight SASAPL G R ) 8500 3 3 1
C57BL/J /NRE EK

TE:ACH/DNREGE BB /D BRI 5 SB Z1AH T, CS B /N R BRI FEHERRAR, ™ P < 0.05; 55 SB AIAR L, CS 414 /b BRI E B 2 7t

&,'P<0.5,

Figure 2 3D [AE{SCREHA i ER g RN % CSTBL/J /N Bl B /NGB 1 TR) B 1) 52 )

Note. A. Trabecular number. B. Trabecular spacing. Compared with SB, trabecular number decreased significantly in CS, ** P < 0.05. Compared with

SB, trabecular spacing increased in CS group, *P < 0.5.

Figure 2 Effects of microgravity effect simulated by 3D clinostat on bone parameters of C57BL/J mice

2.2 3D MRS E 133 CS7TBL/J /MR A 5
HERRMm

it OPLS-DA 43 #r, #3 % €S 5 SB 4
C57BL/) /N R B AR % (&l 3) . OPLS-DA 1
Ay BRI B (RYY = 0.955,0Q%= 0.511) FIE [

B (RYY = 0.648,0%= 0.198) F,CS 4171 SB 41
RIS AR (I 3A,3B) , Rz A ]
FE FRAE(Q°< 0.5), N T it OPLS-DA fl 4, %
FHHEFRS 36 2 fRIEBLRY A 45 30 (&1 3C,3D) , &5
REWRARIR A SPE (R = 0.9005, Q° =
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TE: A, B2 B UFIIE R L OPLS-DA 1353181 C, D 2331 o (BN E AL 30 OPLS-DA Bk B, F - 7351 S SR U RI IE A
2SN KL G . KEGG {Ulfil B .
B3 B SB M CS A 5
Note. A, B. Orthogonal partial least-squares discriminant analysis ( OPLS-DA) score in negative mode and positive mode. C, D. Statistical
validation of the corresponding OPLS-DA models by permutation tests in negative mode and positive mode. E, F. Volcano plot in negative
and positive modes. G. KEGG metabolic pathways.
Figure 3 Effects of simulated microgravity on the metabolic pattern in the SB and CS groups
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-0.3733 I R*= 0.5857, Q°= -0.2436), MEH
AT LA RIJ0 I 1 i s id JE IE RS, SB 4L A1 CS
HZ Ao B R AT

PAIIY: e W AN=r N R AW L7/ I S =N
MR (B 3E,3F) . MR R SB4LAN CS
AR Y Z R B s 7, 45 R R
55 SB 4IAfLL, CS 4/ FILA 86 MY R4 T
FEMAAL, ST A T TE CS A/ 86 FhE R
AR i B i A I A 00, B KEGG & 4 57
P G R LB R RE X2 B (K 3G) , 4R K
86 I Z= 5 T Z M ALk iR, RE 2= A
W LI HT P A (R IT AR AL A AT 20 (5 3R
7N UGB 1 22 e R s AT 5 A B
A . RE R A D % AT B ( central carbon
metabolism in cancer) , 8 [ 5t A TH AL AT A ( protein
digestion and absorption ), & ¥ it W Y ( mineral
absorption ) , % it #E-tRNA 4= ¥ & B ( aminoacyl-
tRNA  biosyntheisis ) Fl 4 3 B W) 4 ¥ & W
( biosynthcisis of amino acids) 553 . MK 3G 1,
Mg 86 Fh e A EEIHE TR RS, 12
718 3D [IEACBE AL e 0 e 1 /N B ™ )
LA,

3 itig

R T SE 3D Il e A B $ T T & R
C57BL/J /NEUE S AR A 2, AR SC 0k #E Tl
PR & 22 R 0 5 W e R B /N LR kAT
THFGY, (HARERE M, LR ], 3D e b
B/INRAEEA TSR B A SE T O, 98 L R R
INERRHENR/ N R 20 AR ) A B, L #230647 3D [l
TN AL 38, 5y 7= A I 8 s g, AT 3 80N BRI FE T
PRI, ASBIF S Ry 1k B S ARUI 0 1 2 2 B iR /1N
SUE 3D [l e _EdE AT TN, [EF, A T ik
JER S A [A] CAT PR AS ARSI B i T 447
B ETE 3D FHEAY I, A A7 & 1 A9 3G o IXRAR 8,
XA/ HEE Sh AR B (B 1) . AEfFE T
PIREZ/IN B A2 IR S 9T S0 AT 1 s IR B . S T 0F
FRAFEEIRE /NI E S8 MC 4181 SB 41
NS RIEAT T iR, 45 R EM, 4Ll
B/NRRCRE RS NRRE IR R E 2R (E 2) .,

2 (25 SR, 3D [l SUREAEL i 7 ) 50 3K
i C57BL/T /NERB /N ECER D B FERS N, 5 R
SERITCE BRI EER — 8, BAEASUhEAEE

Fi B B AFR o Ak B 40 A0 R 2
EER B B R 2 M R R R R
B (PR B4R ) o 1 T AR A A9 R 1 R AR
X T HARBUR AR A, Rl R 1 o H A e 2
SR 2 P DR 285 S 2 A LA, 67 Ao Pk 2>

R 22 (10 BIF 9 3% W B /0N S 00 A A 4
SRIE A 2ERE SR Y g kB
BN AR AT ) F LS 2 —, B/NR
A L B LR B FE R ke VR
B /NGRRE R AR A R AR A Y AR S
RATJE NSRS i i e B 4 (BN ) U
b SBT3 A A T A KRS i A
REHOKZS AT 5T P LSS 3 B T sk 2 | 1 7E A
NG 17 28 B P A4S R Hp B W i o — TR
FERI FERLR KL STS-108 KATE i, 9 JE#e
FI/INRFE R 20 AT 13 d i, B T8 B 3 /0 15
Wi, HEARFERFIT R, /N D A/
% i) B ) 454 T AT R R R T B L 0 IR o 3
Al FH g 45

Pl 3 110 25 XA 31 52 il i 22 i AT B S T Ak
RGA K, B T A W 0 2 48 2 A R AR AR
Zead AR B K it A 35 R T M AL, BT A R
N A U AN ) A T L O - S DD N L)
FRUAN o3 1, 0 2 Ab T Bh A5 5, DL AT A F 9 %
B0 R ) FRAT OB T I 1 R R Y AR
b, HUSR B AR Wi, e B R A
PR B R, Ammann S5V L]
PN SR IR (iR 25 00 SR A R L
Ji £ T R 3 R D 39 3 ek B e N G
SRS B OR B, B5 WE L BE AR Y TR B R
I B B SRR BN e A M N R T
Pz —" AR Y R A S RN
I AR R B 1 A Bk 2 e BEL BT, 5 A %
WL IFEER A K, I, KA K2 KT SR &
PSR 9 A A P i, S 80RO 2k, BER
3D [R1E AR fal 7 7 850 5 2 CSTBL/T /N BRATC i
Py AR E B s Ak, W M i 2 1 R ST AL R G A
K B s

T, BUR B AR R/ FH 1 A0 B B ) i A
Rz — B B A TR OR T R = 4, Sk w5
b, HERE AR RE 300, Ji5 BB b AR T 4 T, i A R 37 4K
K 50% RS 140, Liang 255 1| FH R 2 /)
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Effects of electroacupuncture of the subgranular area of the dentate gyrus on
microglia activation, and learning and memory function, in depressed rats

HUANG Wentao', LI Duoduo'*, LI Bing', CHEN Heng', LI Wu’

(1. the Second Affiliated Hospital of Hunan University of Traditional Chinese Medicine, Changsha 410005, China.
2. Hunan University of Traditional Chinese Medicine, Changsha 410208 )
Corresponding author: LI Duoduo. E-mail: temliduoduo@ 163. com

[ Abstract] Objective To investigate the regulation mechanism of microglia activation, and learning and memory
function, by electroacupuncture of the subgranular area of the dentate gyrus (SGZ) of depressed rats. Methods SD rats
were randomly divided into four groups: the control group, model group, NLRP3 blocker group, and electroacupuncture
group. The rat depression model was established by orphan rearing and chronic unpredictable gentle stimulation. The
electroacupuncture group was administered electroacupuncture stimulation at the “Baihui” and “Yintang” acupoints for 20
min/d. The NLRP3 blocker group was injected with MCC950 solution (3 mg/kg) through the tail vein for 21 days. An
open field experiment was used to record the autonomous activity of animals before and after modeling. The Morris water

maze test was used to detect learning and memory function, and the immunofluorescence double-staining method was used
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to quantify and locate the protein expression of SGZ microglia marker Iba-1 and inflammasome Nod-like receptor 3. The
relative expression levels of Caspase-1 and interleukin-1f in the SGZ were detected by real-time quantitative PCR. Results
Compared with the control group, autonomous activity and learning and memory function were significantly reduced, the
activation of SGZ microglia was obvious, the positive detection of NLRP3 protein was significantly increased, and the
relative expression levels of Caspase-1 and IL-1B protein were also increased in the model group (P < 0.01). Compared
with the model group, the electroacupuncture group and the NLRP3 blocker group showed significantly improved
autonomous activity and learning and memory function, and decreased positive detection rates of NLRP3+IBA-1 protein
expression and relative expression of Caspase-1 mRNA (P < 0.05, P<0.0l) and TL-18 mRNA. Conclusions
Electroacupuncture improved the learning and memory ability of depressed rats, which may be related to the regulation of
the activation state of microglia and the NLRP3/caspase-1 signaling pathway in the subgranular area of the hippocampus.

[ Keywords] depression; hippocampal dentate gyrus subgranular area; electric acupuncture; microglia; NOD-like
receptor 3
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i, ¥ PR [ M ASURE X ( SGZ) A2 1 28 % A 11 2 22
FRAL, T SGZ Hh /N o 4 2 il 28 S A B v 1 22
I, 5k M2 . R E/MA NOD
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Fe% (2 mg/kg) BRI, [ 76 #7515, 50T I

J N 28 47 A UE VR 1 O BT R A O BE ) W T AR
KPR vp Yk R W IS M2 4% 2 R H
VTR (4°C) B2 DU B RAT I, A Hh i 4L 2, A
49 22 5 W 1 W I 7, 4 FH o % 2 81 o R JRR e
Je , FRE NS, 43 T I 2H 21 R [ S R X
AR A TR, N —2 R,
1.2.6  ARPEETCRBRKN

SR FHAREE 5 S WU 72 A 0 T 4 1k bR [ I
X /NS 41 S NLRP3 Hl Tha-1 2 ZA1H 00, HUHE
FEMF A A2, A A 8 wm U T,
0. 3% Triton X-100 =R, 3% H,0, Kk N M
U R Aot/ 1 IR I 1 D) [ AN e g T
FRic ¥ %t Tha-1 (1 : 500) F1 K4 NLRP3 (1 :
200) ,4°CE R JE, A R FRE AR P (1
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Morris 7K 2K B S5 R 25 S Kl 2,3 s, 44
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Note. Compared with control group, “* P < 0.01. Compared with model group, *P < 0.05, P < 0.01. (The same in the following figures)

Figure 1 Changes in autonomous activities of each group of rats before modeling and after administration

2 RUUREUER 4 KAkl RIIAIEE 5 028 MR Wiz gh Bk 151

Figure 2 Movement trajectories of rats in each group during the 4th day escape latency and the 5th day space exploration period
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B3 HAUREEJILIeae e

Figure 3 Changes in learning and memory ability of rats in each group

B4 9 AR ] S ASURE DX /N B NLRP3/Tha-1 28 FISEG A MER 1L %
Figure 4 NLRP3/Iba-1 protein fluorescence and positive expression rate of microglia in the subgranular region of the

hippocampal dentate gyrus
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mRNA FHXT Fe ik A /Dt R JC i 2 5

5 FERIR BRI IX Caspase-1 FlI
IL-18 mRNA AHX ik it
Figure 5 Relative expression of Caspase-1 and IL-13 mRNA

in the subgranular region of the hippocampal dentate gyrus
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Effects of acute PM2. 5 exposure on lung inflammation and NLRP3

inflammasome activation in C57BL/6J mice and alcoholic fatty liver
disease model mice
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[ Abstract] Objective To observe the effects of exposure to acute levels of particulate matter (of <2.5 pm;
PM2.5) on lung inflammation and NLRP3 inflammasome activation in C57BL/6]J mice and alcoholic fatty liver disease

model mice, and to offer a target for the prevention and treatment of PM2. 5 exposure-induced acute lung injury. Methods
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Forty male C57BL/6]J mice were randomly divided into four groups: control group, PM2.5 group, alcoholic fatty liver
disease (AFLD) model group, and AFLD+PM2.5 group. Mice were fed the Lieber-DeCarli diet for eight weeks to
establish AFLD; meanwhile, mice in the control group and PM2.5 group were fed a control diet. From the ninth week,
mice in the PM2.5 group and AFLD +PM2.5 group were exposed to ambient PM2.5 by tracheal instillation for 7
consecutive days (once daily) , and mice in the control group and AFLD+PM2.5 group were instilled with saline at the
same time. Animals were euthanized 24 h after the last exposure. Blood cells were measured, and pathological changes in
the lung tissue were observed using hematoxylin-eosin (HE) staining. Interleukin (IL)-1B, IL-6, and TNF-a levels in the
bronchoalveolar lavage fluid ( BALF) were determined using ELISA kits. The mRNA expression levels of nucleotide-
binding oligomerization domain-like receptor protein ( NLRP3) inflammasome-associated protein in the lung tissue were
measured using real-time PCR. Results The lung septum in PM2. 5-treated mice was widened compared with the control
group. Mice in the PM2.5 group and the AFLD+PM2.5 group had a higher number of white blood cells and a higher
percentage of monocytes (P < 0.01), significantly higher levels of inflammation cytokines (IL-6, IL-1B, and TNF-a) in
the BALF (P < 0.01), and higher mRNA levels of NLRP3, Caspase-1, and ASC (P < 0.01) in the lung tissue
compared with mice in the control group. In addition, the levels of IL-13 and TNF-a in BALF and the mRNA expression of
NLRP3, Caspase-1, and ASC in the lung tissue of the AFLD+PM2.5 group were significantly higher than those in the
PM2.5 group (P < 0.05). Conclusions Acute PM2. 5 exposure may induce acute lung injury via activating the NLRP3
inflammasome in lung tissue, and AFLD aggravates PM2. 5-induced acute lung injury.

[ Keywords] PM2.5; alcoholic fatty liver disease model; NLRP3 inflammasome ; lung inflammation
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Table 1 Effect of acute PM2. 5 exposure on blood cells in C57BL/6] mice and AFLD mice( % + s,n = 8)

! FIZE (x10%/mL) FRRZAIMEL (%) RN (%)
Groups WBC(x10°/mL) MONO( %) NEUT (%)
X HEZH Control 6.00 = 0.34 1.49 = 0.25 21.65 + 2.57
PM2. 5 Jili4H PM2. 5 6.98 +0.29" 2.39 £ 0.38" 22.73 + 2.47
AFLD 21 AFLD 6.07 + 0.40 1.68 + 0.25 21.26 + 2.92
AFLD+ PM2.5 #41 AFLD+ PM2.5 7.44 £ 0.59 " 2.81 £0.40"* 21.36 + 2.02

W SRR, P < 0.01; 5 AFLD 4AHI,*P < 0.01,

Note. Compared with Control, * P < 0.01. Compared with AFLD, *P < 0.01.
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Figure 1 Comparison of HE staining in the mouse lung tissues of C57BL/6] and AFLD

2.4 2t PM2.5 FFEXF C57BL/6J /MNEFA AFLD
/NER BALF F 1 i A48 2 240 B [ F R X B9 &2 M

2 Al L, PM2. 5 B3 41/ BL BALF H 1L-
18,1L-6 Fil TNF-a 2350 & & X R4, B St
EE (P < 0.01) ;PM2. 5+AFLD 41/NEL BALF
IL-18,1L-6 1 TNF-a 3% B I & T AFLD 41, H 4t
L (P <0.01), A, 5 PM2.5 BeF 20 M
b, PM2. 5+AFLD 41/ BALF F1ILTE 4 1L-18 A
TNF-a Fik B EFEWE (P <0.05),
2.5 2t PM2.5 FEXF C57BL/6J /MNERFA AFLD
INR AT ZHZR NLRP3 & HE/NMEER F B mRNA #Y
=AU

HE 3 AL, PM2.5 4 5 41/ B 41 21
NLRP3, Caspase-1 F1 ASC ) mRNA % ik ¥ i 2 &

TXRA, BASEIt¥E X (P < 0.01 8 P <
0.05) ; AFLD +PM2. 5 0/ B Jiti 26 21 NLRP3 Fl
Caspase-1 [ mRNA k¥ 2% T AFLD 41, B
GiitoFE L (P < 0.01), {H AFLD+PM2.5 2 Al
PM2. 5 4/ 4140 ASC ) mRNA ik 225570
Giit2EE (P > 0.05),

3 iTig

AT C 4R, KR PM2. 5 B 5
P, 28 G5 (A 2 e b o T JR g il 4% I M T
PP S ZE PR Al ) A SRS IR B s vl A o6
H AT, AE S PM2. 5 Z2 88 BRSP4 1) 32 22
JR P 2 — (AR FHLH R B, 2 shse
T KB, PM2. 5 5: 55 BE 5 20SE 56 3 ) ) il A A

T S IR RS, ™ P < 0.01;5 AFLD 4UAfILL, ™ P < 0.01;5 PM2. 5 Qe 4IMIL, % P < 0.05,%%P < 0.01,
B2 2k PM2.5 BEA/NE BAFL MG IL-1B, IL-6 Fl TNF-o 223k 19500
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Figure 2 Effects of acute PM2. 5 exposure on the expression of IL-18, IL-6 and TNF-a in the mouse BAFL and serum
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TE S XHRAAM, * P < 0.05, " P < 0.01;5 AFLD 44, ™P < 0.01;5 PM2. 5 541 1L, 24P < 0.01,
B3 &bk PM2.5 BEEXT CSTBL/6) /MR AFLD /NRATZH 21 NLRP3 2P /IMAHH S FH mRNA 3K 1) 52 1
Note. Compared with Control, * P < 0.05, ™ P < 0.01. Compared with AFLD, #p <0.01. Compared with PM2. 5, AAp < 0.01.

Figure 3 Effects of acute PM2. 5 exposure on the mRNA expression of NLRP3 inflammasome-related proteins in the mouse lung

tissues of C57BL/6J and AFLD
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HH AR E AW Caspase-1 M I8 T-H
BESREE H (ASC) 4 "%, NLRP3 RPEIR % i
AR RO I Ay W TL-1B85 IL-18 & S8k #4,
PEHE T GMIAFTE (B AR A M A = A | SR AL g
2T e T P 40 S A R R E S RO AR
SERIL, 2 PM2. 5 2 5% BE W 3 3 i C57BL/6] /N
FUAT AFLD % % /)N B fili 41 41 NLRP3, ASC FlI
Caspase-1 ) mRNA k7K, 3 H PM2. 5 JL 8 )
AFLD BN R A S HESE R ) mRNA Rk 18 fin )
W% X K 2Pk PM2.5 5 52 AE i il 40 2
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Isolation and purification of primary hepatocytes from HBV transgenic mice
and their application in the study of liver injury

HE Yun', HUANG Minjian>, CHEN Yisheng®*
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[ Abstract] Objective To isolate and identify primary hepatocytes from hepatitis B virus (HBV) transgenic mice,
and provide a useful model for the study of HBV in vitro. Methods HBV transgenic C57 BL/6 mice were anesthetized and
primary mouse hepatocytes (PMHs) were isolated and purified via a two-step infusion method. First, the liver was flushed
with a calcium-free infusion, then digested with calcium-containing type 1V collagen buffer. Hepatocytes were purified by
centrifugation at low-speed and low-temperature three times, and the purified PMHs were confirmed by glycogen staining.
In addition, the viability of PMHs within 7 days and the apoptotic ratio on days 1 and 3 were detected. Furthermore, PMHs

were used to detect the effects of liver injury induced by hydrogen peroxide, including intracellular reactive oxygen species,
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mitochondrial membrane potential, oxidative stress factor level detection, and lactate dehydrogenase ( LDH) leakage.

Results (1) The PMHs isolated from HBV transgenic mice showed typical hepatocyte morphology and positive glycogen

staining. (2) The viability of hepatocytes increased after being adhered to a plate, and peaked at days 5 to 6, and then

decreased gradually. (3) There was no difference between the apoptosis ratio on day 1 and day 3, with no spontaneous

death. (4) Hydrogen peroxide had serious effects, including reactive oxygen accumulation, a loss in mitochondrial

membrane potential, upregulation of oxidative stress factors, and LDH leakage. Conclusions Taken together, these data

indicate that the PMHs of HBV can be successfully isolated and applied to liver injury research.
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s3] 18V 2T 98 95 7 (hepatitis B virus, HBV)
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I AR A M= E 5 28 A A DA LA B 35 1R T
R BT IA T TR BT R

1 HR5HE

1.1 ##
111 SCEesh¥y

3 H o6 A IEME HBV &% 3L K SPF 2% C57BL/6
N RTEZ N 14 ~ 16 g, Wl TIT IR ERZGRHAEY
R AR A7 BR 34 23 7] [ SCXK ( 757 ) 2018 -0008 ] .
T35 B2 B R 2% 5250 sh W bt [ SYXK (1] )
2022-0003 ), B0 HEIH 12 h 328 AR FHRE JREE
FE . RISk, JC T B R BURCEMAE RE A R
B, YRR ER R ES YRS RS
#45 (FJMU IACUC 2021-0359) .
1.2 FEAFHER

KRB 2% ol 8 ( R 3R B, IV A J5 il
(Sigma) , 5 # L (BTH2 T ), DMEM 4f jd 5% 7% W
(Thermo) , BG4 175 (FBS, PAN) |, H 5 R FIEE R &%
XA BRI (Gibeo) ,DNAZol( A ZE 5% ) , TBE Z& i
Wi (ZRIEERE) , DNA marker (KM T H 2EH) |, b
Jii Periodic Acid-Schiff 4L o (PAS YL oyl , 2~ K
AR, H,0, (E 254 |T) , ROS A il i 7] &
(Thermo) , £ ki f& JC-1 157 & (Invitrogen ) , CCK-8
(=A%), ZLIR R S0 LDH A I 3 751 (s U 2E
Y1) B T-i857 £& (BD) , SYBR Green qPCR X7 &
(TaKaRa) ,

H sh 40 it 1T %04% ( Countstar) , PCR AL (1A 4R) ,
B ARAL (A SR ), A LB F2 48 ( Thermo ) |, i X4
HA (BD ) , #4036 3 £E 1 3BT ( Leica) , 946 E &
PCR AL (ZHEMR) , Z DI REMEBR (Y ( Bio-Tek) , 4 F 8
AT (H L) .



528 rfE S2E0 S A4 2022 4F 8 45 30 %55 4 1 Acta Lab Anim Sci Sin, August 2022, Vol. 30, No. 4

1.2 FHik
1.2.1  HBV /NRH R L5328 sl AL s 57

T3 FH 196 B 19 5 600 XoF /N BRGHEA T JRR e , /1N B
REERRIE 5, [ THAE G . SR REIRER, T
TCUABY T] B IE R B I K M e P
T, 288 T R ER ORI # bk, B 20 mL 7l
W TCES KRB 2 vhif, i T B # kb Beab g,
SRR PEN 2 mL/min, LSRR , B (AR 1R B, 37 R A]
VBT P e, 0 i 9 1, VR T RS A 4 mL/min,
B RS, A 0.5% (w/v) IV B
FiE A 45 KRB 22 0Pl R EGHA 750 200 15
RIS, I AME AR 45
FHICTE IR BY BRI E B2 S A L 20, I 56 B %
A DMEM P i 5 5 ML, JC 1 IR B8 4 1 I
B BN AE . T 70 HIEM, SR, T
4°C ,1000 r/min 554 T, B0 1 min, BE 3 IREKE
Jefi, EETSA 10% FBS ) DMEM R 37,
FH A S A B SGHATTHEL, 0 S5 16 A 3R A R 10

A L5 3 117 25 B AP AE T B R A Bk A AL
e R IN& 4 10% FBS #1150 Ul/mL 75 %5 & Filsk
T E NI Z RN DMEM 40 i 3% 550, FLiR S T
5% CO,,37T°CHFEAATMGREREF
1.2.2 %5 HBV /NEUFIEAC 40

(1) %0E  IFANAEES 372 12 h w1 M RE )
B, F R PSR AR A IR, RS T
PEBUSSE 1,3,7 RFREUH UE  FARE,

(2) BEJ PAS Y0 %56 . A0 ML | 15 9% 48 h
J& A G Ul I B A TR B e N 50 pL &
LR S AL AL B 10 min, JEVESS , I 50 wL Schiff 4
AL EE 10 min, W UEE, IR R R T4 5 Gt
10 min, VLG, B . T WA WSS R,

(3)HBV /NMRF4IA%EE . 1 mL DNAZol ¥4
MaZ4f# 12 000 r/min B0 5 min, L, K5, 8
0.5 mL Jo/K LEEDUHE , F2tad 75% L Ee 2 Wk,
50 L K% DNA, HU1 wg DNA A BAEHER R
O (PCR) K A T3 8, LIKAE R BAPE ST R AR 2 N
94°C 30 5,52°C 30 s,72°C 45 5,35 MEWH, &G, T
TBE 2% Mg b A7 S Beo rEL UK, 5 I LR SRS 41
M, HAp HBV 51917500 F . /514 5° -TTTGTTC
AGTGGTTCGTAGG-3", J& 5l #¥: 5’ -TGTAAGTTGG
CGAGAAAGTG-3" , P=4H B A 423 bp,
1.2.3  HBV /N B A L3 4 R T A )

AR CCK-8 377 A 00 240 it 33 5 7% g, B

AN IG T, ANMEEEF 12 h P G RE S B 8 A
CCK-8 TAEWGREGALFE 1 b, JH B AR AR I 3 K
450 nm AEAYIEEEE(E (OD 8 ), AR PR & 3R At
oA TECE A B 5 A0 B 1, I LU ]
YL T EE 0 R MG, SRS, AL % 4
ML F 1 ~ 7 d IR 1E SRR RIS O

YRSy A FAREBUS S 1,3 REUH RS AL T,
i PBS 35 ¥E 3 W, A 5 pL Tk & rh
) Annixin V 3B} FREAL G 25 min, SRS A S
pL PIYURIZESE Y44, 5 min Ji5, ] PBS 150k 3 %, ]
it A A SCGHEA T 20 A T A
1.2.4  HBV /NG A2 L5345 e

RS g AR L 3557 24 h ), S84
BERZS A S wmol/L H,0, FEATACBE 755 40 ifd
i, LAARIN H,0, B4HRMIAE R % B 55 5% 48 h, ik
X8

(1) I MU (ROS) Ko . 4 f 7l 2 3, HT PBS
WU 2 W, A 2 mL & A 25 pmol/Learboxy-
H2DCFDA £ 05 5 W, & TR 9548 h b ir &
25 min, X5, FH 1 mmol/L Hoechst ol &g gL 5
min, PBS {HUE 3 WK, CREFIZIERA, T RO R AE
B SR AR

(2) SR A S L (57 S < SR FHZRE AR JC-1 351
BTSRRI 7 EA TR, BT L B e, R
KRR, 1 PBS WUk 2 Wk, IMA 10 pg/mL JC-1, T
Ri A rp AL B 20 min HEAT YL €4, PBS YE VLIS,
WO AL WA WS & Ol 488 nm Kb 19 201 i
EUE IR,

(3) SEHFERPEE PCR(RT-qPCR) K & AL 07
PO OC IR 2 KT 9 3R« 40 I LA TP 24
K, $EHL RNA, 336 5% 5 i ¢DNA, {# F§ SYBR Green
qPCR il &, T 9% 6 & & PCR X h e hif, A
GAPDH Sh N Z, Kulll it S Ak 2L (CAT) , B Ak
Iz AL (SOD2 ) FlH i S AL i ( MAOA ) &3k, H
L, 51 ¥ F 4 N, GAPDH: Wi 5l 4 5°-
TTCACCACCATGGAGAAGGC-3’, J& Bl #1. 5 °-
GGCATGGACTGTGGTCATGA-3" ; CAT: B 5|1 #1:5” -
GCCAATGGCAATTACCCGTC-3, J5 3l #. 5 -
GAGTGTCCGGGTAGGCAAAA-3"; SOD2: i 5] ¥
5’ -AGAACCCAAAGGAGAGTTGCT-3" | J5 5| #.5" -
AGGCAGCAATCTGTAAGCGA-3’ ; MAOA : T 5| ¥,
5’ -ATCTCAGGATTGGCTGCTG-3 ", J& 5l #. 5°-
TTCTGTTCTGGGTTGGTCC-3" , CAT, SOD2, MAOA
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P RE Ay 9k 277 (158 183 bp, AR5, H AL
FRRE X e Th SR T 2724 A 7 I AT B b B,
H,ACH(n) = Ct(HMER) -C(HNSHEH);
AACT(n)= ACt(n)-ACt(1),

(4) LDH it &5 00 . B4 HCAH ff 3% 57 1 %5 W, 8000
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1.3 FitFEoH

R ER 3 WK, LIRS KRB AN
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I02H 5%F M4 2 [8] 19 22 5, GraphPad Prism 7.0 4t
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2 #ZR

2.1 HBV/MNRBFFERARES B
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0.63 + 0.02, HULULEHIZ 7 ik BB A5 Pk | &5 20K
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W LA BT R IR 4 A AR A

HBV /N AIMI S 5E - S 1 %5 4 B2 i oy
HBV B i B A2 A ( LT 3) |, A BRASDRE BT 4 2
P 247, 54T PCR & 4%, 3 20 B s W58 1 Fl
YK, 7E 400 bp b5 B AT LIS S 4 B Al Ak i 4
JiLELAT BHAE 25T, Ak [ %o R T 45

B 1 HBY USSR 05
Figure 1 Morphology of cultured primary HBV mouse hepatocytes

2 RERGLELER
Figure 2 PAS staining

2.3 HBV /NRAFER b iE M AE T

T, DA 20 e Al G BE | SR FH CCK-8 7Kk
T RFAI RGP, LASE O KRG 00 AT 45 200 it i 4 hy ik
RL,18R0 100% ARURS I ESE 7 d 940G P, UK
AA HET DLUEIAENITT G0 2 d P, 4 B 2 4 W1 43
AR PTG (AR 3 R FTAR |, 4T 1 i i
HOOTESE S ~ 6 RETHIMITE e, 285 LT [
B AT T IRAE R A IR 4 15 HC A it 14 K 6
HHRBS ]S (5 3 K) , LASRE 1 R By 40 e S XF BE K
B ONS -2 23l W RV = w1 O el ES ey U
3 RAMBETR(11.25 % + 4.78 %) FIHE 1 K
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B3 HBV /NEUR QA2 25 R
Figure 3 Identification of cultured primary HBV mouse hepatocytes
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Note. A. Hepatocytes viability was detected within day O to day 7. B. Apoptosis of hepatocytes, on day 3.

Figure 4 Cell vialbility and apoptosis of cultured primary HBV mouse hepatocytes
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E ] H,0, ALPEAFANND 48 h J5 A I AN A 00 ; A - 35 A I 5 B S AL ML SC TR 5~ mRINA JKF 5 € SR (AR (7460 5 D LDH il

TG 5 55 AR AL FEAL A AT, ™ P < 0. 05,

5 H,0, 3 HBV /R B AR 4 M85 4

Note. Injury effects were detected with H,0, treatment for 48 h. A. ROS detection. B. mRNA levels of oxidative stress related factors. C.

Mitochondrial membrane potential detection. D. Ratio of LDH leakage. Compared with untreated group, ™ P < 0. 05.

Figure 5 Injury effects of cultured primary HBV mouse hepatocytes induced by H,0,
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Effect of aerobic exercise on endothelial dysfunction and
visfatin in obese rats

XIE Zhouyu', HE Aizhou', LI Ting', WEI Juan', WANG Aihong”, WU Yunchuan', ZHANG Hongbing'*

(1. College of Acupuncture and Tuina and Health and Rehabilitation, Nanjing University of Chinese Medicine, Nanjing
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[ Abstract] Objective To explore the effect of aerobic exercise on endothelial dysfunction in obese rats and
determine its mechanism of action. Methods An obese rat model was established by feeding with a high-fat diet for 8
weeks, then the rats were divided into three groups: the normal group, model group, and aerobic exercise group. The
exercise protocol consisted of 8 weeks of medium-intensity aerobic exercise, six times per week. Body weight, body length,
visceral weight, and visceral fat weight were measured, and Lee’ s index and the liposome ratio were calculated. Blood

lipids were detected using a biochemical analyzer. The levels of serum thrombomodulin (TM) and visfatin were detected
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using an ELISA kit. Visfatin mRNA expression in epicardial adipose tissue was detected by an RT-PCR assay. Pathological

changes in aorta morphology and structure were compared using the hematoxylin-eosin staining method. Results Compared

with the normal group, the body weight, body length, Lee’ s index, visceral weight, visceral fat weight, liposome ratio,

and the levels of TG, TC, LDL, TM, and visfatin in the model group were significantly increased (P < 0.05) , the level of

HDL was significantly decreased (P < 0.01), and the expression of visfatin mRNA in epicardial adipose tissue was

significantly upregulated (P < 0.01). Compared with the model group, body weight, Lee’ s index, liver weight, perrenal

fat weight, and the levels of TG, TC, LDL, TM, and visfatin in the aerobic exercise group were significantly decreased ( P

< 0.05), the level of HDL was significantly increased (P < 0.01), and the expression of visfatin mRNA in the epicardial

adipose tissue was significantly downregulated (P < 0.05). Conclusions Aerobic exercise can reduce fat accumulation in

obese rats, improve fat metabolism, downregulate the expression of visfatin in epicardial adipose tissue, inhibit visfatin

secretion, and reduce pathological damage of the aorta to delay the process of endothelial dysfunction.
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R2 SUARMTHEGHE A Lee” s IREAE( %+ 5,0 = 8)

Table 2 Changes in body weight, length and Lee’ s index of rats in each group before and after intervention( % = s,n = 8)
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ﬁé;iﬂ 562.2 +20.8*  559.2 £ 19.6"%  21.2+0.5" 28.0 £ 0.4™¢ 389.9 + 10.8" 204.5 + 4,4 *#&
F 91.931 95.324 11. 071 45. 663 4. 669 8. 840
P < 0.001 < 0.001 0. 001 < 0.001 0. 021 0. 002

T HIERAIMIEL, " P < 0.05, ™ P < 0.01; SHUMAIALL, P < 0.05,"P < 0.01; 5FHAHIL, ¢ P <0.01, (FH[F)
Note. Compared with the normal group, * P < 0.05, ™ P < 0.01. Compared with the model group, *P < 0.05, ™P < 0.01. Compared with before the
intervention, ¥P < 0.01. (The same in the following tables)

R3ASHERBNNEES AEAR I E RS A LR (2 2 5,0 = 8)

Table 3 Comparison of visceral weight, visceral fat weight and fat body ratio of rats in each group( % = s,n = 8)

251 IFE & (g) B (g) Rh¥ 52 J) LB 017 2 4 g) B R R A () B (g)
Groups Liver weight(g) Kidney weight(g) Epididymal fat weight(g)  Perirenal fat weight(g) Fat body ratio( % )
e
e 10.44 = 1.46 2.61 = 0.37 3.80 = 0.59 4.49 = 2.04 1.62 = 0.50
Normal
BRI -
28.18 + 4.31° 3.28 £ 0.21 7.76 £ 2.38" 13.51 £ 2.637 3.12 £ 0. 67
Model
Hiz 5h4 . .
ﬁEﬂL@ il 22.88 +2.68 " 3.17 £ 0.44™ 6.39 + 1.86" 9.84 + 293" 2.91£0.83"
xercise
F 71.350 8.330 10. 238 25.083 11.344
P < 0.001 0. 002 0.001 < 0.001 < 0.001

Fizdh 411 LDL Fl ™M K FE 8 8 Fh & (P < =3 3.2 4% SERAH ALY, A iz sh O AN R
0.01) , BRI Aiash4H % HDL YW PR (P < HAPHIEE mRNA Kk B FE FFE(P <0.05),
0.01) ; SR, FEizah4 TG . TC LDL. TM 2.5 FZhfk HE FEHILLER

IR KW 6 FRE(P < 0.01)  HDL KFH] 2 %, I ST A e S
i 1THP < 0.01)., AR HED) 55, 7 B 20 S 9 5 8 e BT
2.4 SMEERERFA QR SRS mRNA FIAEE LN 5D s BUMAL A IEHES 3 AL, 04 B 4
5 Hh IS5 PR IE I , o WS A5 A, -

KRR, SIEWAML SRR s shd.C LIRS S, JF Hh B IR 40 i A5 4s
SMERENTH A AR R mRNA B RB IR T ShA M HESI AR B 57, N B A i B e 3, v iR
(P <0.01) MR R 6.5 1% A AUsshdl s WIANIAR BN AR A D VRE IR A0

R4 AAERRULAR TM FINARRAIHE( £ 2 5,0 = 8)
Table 4 Comparison of blood lipids, TM and visfatin of rats in each group( % + s,n = 8)

ik &

AL TG ( mmol/L) TC(mmol/L) HDL( mmol/L) LDL( mmol/L) TM(ng/mL) PBE (ng/ml.)
Groups Visfatin( ng/mL)
EHA
Nommal 0.531 + 0.076 1.431 + 0. 158 1.212 + 0.236 0.133 = 0.066 5.848 + 1.165 20.795 + 3. 198
FERIZ o . . .
Model 0.835 + 0.159 2.019 + 0.218 0.389 + 0.067 0.578 = 0.133 15.825 + 1.390 42.129 £ 6.110

ﬁfxgﬁeﬂ 0.592 + 0.192% 1.470 + 0.213* 0.671 + 0. 115" 0.331 £ 0.072™" 8.558 = 1.655 "  23.458 + 2.947™
F 9.171 22.084 57.092 43. 507 105. 960 57. 663

P 0. 001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
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TE: HIERAUNLL, ™ P < 0.01; SEALAMHLL,*P < 0.05,
B A4URROIMENR A NIER mRNA
AR Fe b R HEER
Note. Compared with the normal group, ™ P < 0.01. Compared
with the model group, *P < 0. 05.
Figure 1 Comparison of the expression of Visfatin mRNA in the

epicardial adipose tissue of rats in each group

B2 KRENNIVSL (HE 36, x400)
Figure 2 Morphology and structure of rat aorta
(HE staining, x400)
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[ Abstract ] Astronauts are exposed to microgravity, space radiation, loneliness, noise, vibration, sleep
interference, and other negative factors during space flight. These factors interfere with the body’ s steady state and cause a
series of uncomfortable symptoms. An in-depth understanding of the mechanism by which these factors impact on the body
is important to ensure the smooth implementation of crewed space missions. This study searched the metabolomics research
on the impact of aerospace factors on the human body and experimental animals using the PubMed, CNKI and other
databases are resources. The aim of this literature review was to gain a deeper understanding of how the body adapts to the
extreme space environment and the molecular mechanisms responsible for the impact of aerospace factors on the body, so as
to provide a basis for formulating personalized protective measures and improving the safety of space flight.
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Research progress on the effect of the space environment on pharmacokinetics
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[ Abstract]  With the rapid development of the manned spaceflight industry in China, research into space medicine
is also constantly progressing. The space environment can lead to health problems such as space motion sickness,
cardiovascular dysfunction, sleep disturbance, decompression sickness, and infectious diseases in astronauts on-orbit.
Studies on the pharmacokinetics of drugs in the body in the space environment are urgently needed to provide a basis for
effective clinical drug use in the space environment. This article focuses on the processes of drug absorption, distribution,
metabolism, and excretion, and summarizes the pharmacokinetic changes and main mechanisms of action of drugs in the
real on-orbit environment and during simulated weightlessness on the ground. Our findings provide a reference for the safe
and rational use of drugs during spaceflight.

[ Keywords] simulated weightlessness model; pharmacokinetics; animal experiment; human experiment
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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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RS Bl ) S50 W58 S N ZETT RE AR R R =5 11918
FEORE AT, ANZER SRR, WF5E A SR =S
W ILE TR TR 1 e S5 REME, Z 5 X
F RS Bh Wy 92 30 %) T O3 A 37 4 18] il 9 42 42 ]
Fr AR S I Ml 3 M AT 0, < sh A
BOAER NRIRF R S IE B MR AR
73 3 )l e ol A EOR TR

2 IR A2 32 SCAL AN E R (DA &
PRIRER ) Ab T AN M0 R Fll & Je it e iz, 1957
AR TRIBCRL I e S A B — A Bk LA, BT
TREMATIHACF R, BB, R0 SO S & A 1 i
T BRERIN 25 BN TR SR AR A% . A
1988 4F, SRIRIL R SR RMURAR 2461 4, S it 5
AL, R s BT i R E A AR RS Y B
BN B AL T O F OR 2S ik AP 3 45
Ol Mk R 1992 4R ik B i 6 T K R
(Russian Federal Space Agency, RFSA) i 7 I 7K #%
PRI S TR Ak S e N i T R OR 23 AT T R
FRAUEILH . 1998 AL M A1 S [ 25 16 A~ [ 3L
[) 2 5 1 R % ) ol 182 A, OF SCRp s 1 BB
SRR BIRS T RS Sk S XEE
“ERIS SEG AR AR 2011 4ESE EIMTR KHLAE
IRAE S5, P WG« 6 A - F G 453z 28 A i 4k S 7k #H
[ B 2 ] vl iz 4T 55

1 K= LBRERRHIE

RN E 3 () R 2 R R ft v, 52 2R W v
IEAE 100 ~ 500 23 HLE 08 Rl b 038 DL R =3
“HRAT”, LIRS 95 Hb3sk 2B P 70 At R PR 45 A A2 Y AT AT
PEANZE AR, R 3k AR B8 2 Bl 3wl 0, (I
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1.1 5% EHEHY LK HE

1917 4 2Z 1, 7RRLE O R R 2 Mid T
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FTRTREME, B 1951 4F AR 93K 25 ZEM1 25 BR 0 55 T
Ji e 25 LK AR SR g IRl AE 7 A 2 HORERFE R-
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5 6 BUKFHEER ;AT HEkZ sk d: R 50
MRLAZ e, 7Rk Z R R G R-1D o 5 3
ARG 2 SRR IR AL, bR i B 5 — AU K ik A=

RGBS AR
1.2 EHEEZhY R TE

BRI ARG, 25 90 KA w38 s T
SRR R R TR 2 A
FL IR TRAT T 0 B A%, 5 IR R 5 R S A AR
“ K25 R Maiika A9 AGE T2 Sputnik 2 5 558 1]
27, BAR TMaika RN I 24 B RIRE
2 WA WeE e

Bl Ay 4 HF R G E A, 1960 4F 2 25 K53k
Sputnik-5 5 A& DR T 17 IR GEHLERFLIE K
TiIa % 4R ], 1966 47 A WF 5% 8 5 45 %t 0 51
UM, 2 AR AR VT T A 20 5 K AT 22 d JE R
BAL
1.3 XZEENEYEHETIR

1973 ~ 1997 4, i AR B AR B T 7E 11 > Bion
FH R aE T 12 A 212 HOR BRI T H:
B Y HE 5T 3h W 1Y gk R S AR 2R S e
2005 4EFF 4R, Bion-M FR 41 A9 1L S50 FH FF5E A
T 7RI 4 S % A g i B g, kg s ST nT K
YRl 9 oK 25 25 T s A0 O 3 B R 44 T A o
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Table 1 Publicly reported space bio-loading situations in the Soviet Union and Russia

KRAEFGYTINBL RS
Phase of space Animal
animal experiments subject

SIS
AP T] (4F)
Launch time (Years)

SLIARIBERAR A

Launch vehicle

i

Animal information

%S EPUESIY)
SER TS B K
High-altitude or suborbital

. . Dogs
animal experiment
rehearsal phase
X
Dogs
£
Domestic
rabbits
BN K
S THE B -
Low-earth Rats
orbit animal
experiment
rehearsal phase
N
Mice
Cavy
I ERIEY]
Reptiles
2N
Insects
NERCIE I3

Rhesus monkey

REAEHEY)

ARSI 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-2 251 ki
R-1, R-2 series rockets

Sputnik (FH) -2 /R-7 K #ite
Sputnik-2/R-7 rockets

R-5A R-2A \R-7 Kfi(®!
R-5A, R-2A, R-7 rockets

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

At
Unknown

Sputnik-5 TLER kAR 7
Sputnik-5 satellite spcecraft

Sputnik-5 TR TR
Sputnik-5 satellite spacecraft

Sputnik-6 TR KRS
Sputnik-6 satellite spacecraft

Sputnik-9 TR
Sputnik-9 satellite spacecraft
Sputnik-5 TGRS
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 ST
Voskhod-2 Sputnik satellite spacecraft

Zond-5 FES 1
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

ME, TTaiika
Female, Jlaiika

AR 10 ORI 1)) R 2 AR

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

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

2B T H b
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 Hifgfa,
4 turtles
15 i
15 vials of fruit flies
e
Wine flies
257> D-32 ZR MR ARG
257 the D-32 Drosophila melanogaster eggs
6 I, AR 2
6 time, 2 monkeys at a time, Macaca mulatta

SMIHE 45,30,30,30 RKER
Carried 45, 30, 30, 30 rats respectively

SPF 4 Wistar K,
SPF-Wistar rats

10 2L SPF 4 Wistar 22l
10 pregnant SPF-Wistar rats
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gk 1
TEIRORTE  WOONE SRR T p—
Phase of space Animal KR (4E) *Eﬁﬂﬁ:@ﬁﬁﬁi . Zj]%lﬁﬁd .
. . . . . Launch vehicle Animal information
animal experiments subject Launch time (Years)
2007 Foton-M3 FHF [ 22 SIS AP R
VR Foton-M3 research satellite 35 male Mongolian gerbils
Gerbils 013 Bion-M1 A L) 8 HEHVP R
Bion-M1 biosatellite 8 Mongolian gerbils
013 Bion-M1 /=4 T 22 5 HIERE 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] /IR
The Russian Segment of the ISS 21 ~ 24 d C57BL/6] mice
1979 Kocmoc-1129 /L 02 HAES PSR
ak Cosmos-1129 Bion-5 biosatellite Japanese quail eggs
Bird species 1 00 ~ 1999 PP o0 8 YOI H 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 HUEHEREE
175 . e Carried 5 ick-toed geckos respective
IEAT5h4) 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 A 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
PRz “Mir” space station 6 Frogs, Litoria caemlea
Amphibians [3657] " )
~ ion- 36-31] =K 7%
RZEAEAA) 1992 ~ 1998 Ko(c;:sorflozig;gl(];rilorlll 11:1'5%]5%1'[ Adult iﬂi&ilzjﬁz;eis waltl
BB aetie e ‘
Space on-orbit 1996 ~ 1999 I s A ) LelHNEN N
bio-loading “Mir” space station Newts embryos, Pleurodeles waltl
ent phas ] ) N
expertment phase 2005 ~ 2007 Foton-M2 Foton-M3 FHJ 11 %) FRAER 205
Foton-M2, Foton-M3 research satellite Pleurodeles waltl
0741077 I SR 3 v HEh o
Soyuz, Soyuz-Salyut series rockets 3 times Zebrafish , Brachidanio rerio
a2 1975 Kocmoc-782 A4y TLE 04 it b
Fish Cosmos-782 biosatellite Killifish eggs, Fundulus heteroclitus
1987 Kocmoc-1887 A4 T (41 RN - RS
Cosmos- 1887 biosatellite Algo-bacterial cenosis-fish system
007 Foton-M3 RHJ 1124 26 B AEm At
Foton-M3 research satellite 26 Tilapia larvae, Oreochromis mossambicus
Coros (k#%5) 10, Kocmoc-573
s N -
i 1971 ~ 1979 782,936 1129 At TUE ) Soyuz-10, Droso i;‘l‘jg”fli*m wtor
Insects Cosmos-573, 7829361129 satellites P €
2014 Foton-M4 BHiF T2 (48] 5 =A% Canton S NG The third generation of
Foton-M4 research satellite Canton S, Drosophila melanogaster
2014 I B2 [l 2 i e S #AK Canton S FIE A The fifth generation of
the Russian Segment of the ISS Canton S, Drosophila melanogaster
1992 Kocmoc-2229 A= L) A
Cosmos-2229 biosatellite Silkworms, Bombyx mori L.
2007 Foton-M3 RHJ 112 )
Foton-M3 research satellite Macrobiotus richtersi
013 Bion-M1 4 LR HZeahl
Bion-M1 biosatellite Crustaceans
LINUSIEY] 2005 ~ 2014 Foton-M2 M3 I Bion-M1 FHJF TLE ™ Lo IR AR
Mollusks Foton-M2, M3 and Bion-M1 research satellite Helix lucorum and Helix aspera
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3 K=HYXRKE

3.1 R

CRA R G FAA R R BRIk
B RAS MR, e PR 1 ) 2 A B PR AR Sk TR
JEE A SR A A T I 00 B < SRR R R (]
W RIS R R 5 i I e v A ik A, BE R SR R AT
I THISE R 25 BT IR T A A A e R R 48, L G =
S HBhERIRE RS R G
3.2 WEEENY

AW TE Foton-M3 i FH A TR 4 F5 A= iy 45 &R
4t (life support system, L.SS) ) Kontur-L 3525 A]
SAR VD UK S8, Bt 4 TR Bk A TR
Bion-M1 #5 2% i Block Obespecheniya Soderzhaniya
(BOS) % & i Bion J3l v JC BUE S B e e e >
FEAE 12 h B REIEER SRR ARDR}, 2> BT AT AR 5 3
FUNBR, e 5.8 1 SR 0 38 XUE (GML 500) , i R
R PR R G AR BT T
3.3 BRAESEZE(#38)

B A 9T I A AL HE R AL 2% Slovakian
(IM-02 ) & SR ILA S 5100 ARy TR
Koemoc-1299 PN #5221 1 1 1608 905 14 A i 408 3 i

fo MNP 2 [ b (07 P ol A 0 0 v T AL B9 A
F A S R G MR IR AF S 4 ( refrigerator
stowage kit for eggs, RSKE ) 5 37 Al 4 41 559 1 44 25
JRSiR S0
3.4 E1TEh(EEIR)

2005 ~ 2014 4FPEAT T Z2I00RE FEHL R PLIE S 46
FHF A HE e 55 1o ), Foton-M2 fiff FH A £ 43t
FRAEZ R KRS &Y, % 16.5C 1Y BE R S0 5
fit'2,2007 4F Foton-M3 FFUATLE 44 R4, #fik
Hay iR, Bon-M1 #4017 25 A
RGH T HAMAT . Foton-M4 £5 2 /NELBE 2
THFE/ N R 2 AT R 1
3.5 EH(R8)

CCER” 10 5 KRR AT SRR D-32 SRR
Wi ) ) % A R A /N B S I R 4% ( Biotherm 1)
I Foton-M4 iR CHLES B Y BB-1F B4 &
3/ BB-2 B (CE W s e A R, S A T
B W B E SR A B K SRR W R TR B
R,

T2 A JRERBERE e RILTIAATAR (F5 80T Bion-M1 "Kfii) ;B &
BEEATEE M CSLIR L AP AR (58T Foton-M4 "KAY) 5 C HETE
JERERE L D MEVEAEBE AT RE IR ; 1R, 20 KB, 3 A X
4 BERARAMG R4 5 AR AR N BE 6 58 W I R BB, 7
GG AR, 8 FREAAT |9 SRARHUFNX G 5 AL B A T BE 2 A A
AEERAEEARRIK
B 1 Bion-M1 il Foton-M4 B¥ j% K H 9B A= A7 AR
Note. A. Hardboard RSB with thick-toed geckos ( Bion-M1). B.
Oak RSB with ormate 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

4 KRZ=HYLBWHHR

4.1 X

A RAUAT AT 380 2 455 L 52 59 A 1] Sk i 45 [A]
PR fiE b 5 B O AILIE e R s B, < RS R
Naiika [ RZT O S50 DK R o P34 A 2B 3 0
IS, 388 3k FiL P (BT ) | I | I TR A5 4
BTG Bl W A e R AR i T 25 R Taiika
ZUEIRSHCT M, ORI, AU, RTE
Xif & SRR A IR A R S A2 P I T R
1 JEJG X Haitka SEi e AR5, {H B T B R e il
RN 1 55 1E S8 Manka JKFERE 28 B
T AR ATAT R, [ B B 8 iR Z 3 DT G
Y Masika $E47 K2 AW S50, 930306 O i i R 52
5y s WaR A Y i i, Bl AR E et e
SR AT RS BRI R G, I T 1958 4F ik
2 HRMRITTLR” UL L2245 i, 1960 4F Strelka
BN — G AT F R AT K= R, BRIl
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HAFR 6 H4HE T Pushinka #3% 45 25 B AT 8.4
i, IFRIIE T 4 K4,
4.2 WEEZHH(KR)

A ) TR Kocmoc-605, 782, 1129 1667 , 1887 .
2044 5 1 FF JE K RSB 92 00 K 4 R R i L L
RS, HEUERFR A KM T4l
KB RRES BTG, LT L & R R, R
3 T R A 40 A U 5 B O A
PRGOS SR LS fih X LEF 2 4 2 LA
TR AN A S A IR G M A 2, & B TR L2
AR N o A Ve e I L NS O ST S
Kocmoc-1669 #4545 5 56 A& B 56 T B IR A= i ILIA)
R FERIAEH AL b, KAk
TRAT RV I A R T O 4 A s iR Ak
i H A i R R R R e 4T B IR B R 4T 4
P L 2 T I 0 L 4 B R S R
Tt ar EE e, R BB R 0 A o B I e, 4
3 WAL B 2 A AR g 1 AN SR R AR AR Gl
11 5% 25 ) sl BF 90k LK I 2 S 240 L -
TEPERIN , 5 P04 M (0] {5 545 5, 98055 5 JL 2 4k Y
A
4.3 BEEEY(/NER)

Bion-M1 /MRS 56 15 FH ARLAE AP CS7BL/6N /)N
SR A QAT b T X BE R S 5206 %S % BB 2, AR AH
FLFRIR N AN 2 SR BB R 45 R 4 ( TSE
Pheno Master) FIFE A 238 I H A Wi ; —58433% [7]
JEATICIC RN 2E 2 W RE DI g AR 11 2 AT S
TR — B 43 BRIV SR A B R L I R HR S
WL B RE#S AT A5 2 e A 8k 2: AWk
SEZ MR 3 b s — AR VR 2 I e e
T VA IS F o g 4 202726788 g I
RIAER AT 0 0l B R AR AR, #%
"B 40 K 20 B A0 I o B A DG B TR R K TR R R R
LGSy TN (P N = 411 )i O s s G g~ A B (1
HEL VKA B S R A BB TR R R
SRTIG HEAE RBL R RN R R
BER™ . BB LA =S E Y i S 4
T Sl - E A -1 - LR A -4 5
Bl 5530 % R O LS R 2T RS AG I A
T GBI R 0T B AN 3 s R HE R f
SRR UESE T R 548 shB = ROpE R R %
PRARSE S v £ FFF 0T s 20 s B SR S AT, H
PR 2% B R S 20 50% /N RAET-P0

4.4 REEZHH (D)

Foton-M3 1:55 h b B3y "RAT b T[] 25 %) BR
PIEH R ADE 2 (A0 2k 2 55 D7 ¥ 00 L AT
Mz R BT A, 12 d /AT E T RO LR
Y5 AR LR R 11 N2BA LI 2 11 9 R
PR3 in, X B R WL Eh BR 8 1 ATP il 3005 v 207
JF/INi 2% Ty R DO UK P BRI, w5 Tk 22 15 23 A B
RS20 B vt Dt e o e, 20 L PR R DI 2 il s, AR
PEEAL S AN B, JIF S 40 M B RNA 2
BEAIG St By BB A T 24 53 4 ) FOBUA S48
FEBETNE R RS AR MR A IR A IR
B RGBT e A 25 T RBISR 0 . 23 ok W B I 4l
ARSI DR BAIE 1 B AR A A 4
FEJESCAE | [0 S5 B D REURAR 2 o i O\ 2 A il
AR /b il s B R OsE S B0 B
R
4.5 IPAEZEE($E)

RIS A3 Tt 1 38 S B W S R ) R AR
HAES 2RI I K 5 2R, AT 49 35 A B PR 3 1
KA T 2 JOH ) RATME W & A48
PRGN i AT 20 b T ) B2 IR i Y
MG BRI, 8 R B2 R0 Ra TR

SN B VR IR B R LT S R R R B
A (EVoR 7} I N i € ) KR A
BALIER Y HURIR & BRI B TR
PR I [ e A AT, i e 32 B, 45
A FBUNG DI RE & FHER Y 3 L7 TC
FaE W A A R R AT 2 AR
4.6 CITEhHI(EEIR)

Foton-M2 F| M4 Bion-M1 ¥Rl 4 ¢ 1 fy ft i
], Foton-M4 15& FH /N US4 7 BE 8 R 4747 A 0L
HA 2 v 0 HIAR B AR A 1A 7 )52 B PR BIF 524 T
S I BE . A R R G NI E R HE
ke (30.92-35)

ATIREZ IR A2 e UL R X 2k
WA B LK JZ F 8 (micro-computer tomography ,
MCT) A0 1 2 B2 FE 4540 551 Foton-M Z2 511 Al
Bion-M1 TLAE | Jiv A7 S 50 v BE P& 1 B 24 71 o, #FE b
PRSTE JER  BRAR S 2 M 850K, Foton-M2 K47 21
BEREAMIF X H BT 400 i 4% B 25 46 AT 40 R Ak
Foton-M3 | JC ; 5 X} HEZH S ¥ 4H LL , Foton-M3 KA T
Xof R ZH Bl AR Dk /b S ik = O 3R S BN IR
J3; 1), Foton-M2 Fil M3 S 5 i 3 K-



o E SIS AR 2022 4E 8 45 30 %45 4 ] Acta Lab Anim Sci Sin, August 2022, Vol. 30, No. 4 563

Foton-M3 BE 8 il v #ft 28 J5¢ I il I 32 2 A7 Bz Joie
RS Foton-M2 KATJG , BE HELT 40 i FIRG A%
LA /D /I v L ER A0 5 B T 0 ey
Foton-M2 #fi B, 5% 14 5 S0 RE J8 B i 2546 . Foton-
M3 K AT A B = E 3R T B0 i BE R R B it
Foton-M2 1 M3 “&ATRE SR AT P45 1 AR B A0, H
AW R RS BB T g i Y R A RAT AR
Bion-M1 “RA72H Fif J /)M 15 1B 200 it & A4 m] 3o A
B0 FFEE S R LU, T A0 s TR D
Gy RE RSN E DX AT RS0 R E IR A 03, IR rh
HBUR SR, B B i 25 B g s
T 51 AT 2 i A A4S R R A I PN Rz 4
itz Ak, i ) B B S i i ot A5

4.7 EH(RiE)

“IRER 10 TS 2oy SR E SR R E PR SE T L
TR, 5N L RBESIE SRR AL BA
5%, BEEEAI AR B B R s AT R 2 A iU
Zond-5 Kocmoc-573 |- St & B 31 AH O B 3
FEA g A 124 . Foton-M4 [ 1EHRIEE =0 K
FFE50E 0 ~ 1,12 .24 h 2R4E BB-2 XAEWk}, H:
RIS IR BF A DA AR [ PR [A)h 2 F 5 T
o TCATEE AT IG SR AL AT, e BN B S 381
SR DL R e G i T SR A 5 R RN A )2
B s W80 TIEAS A AR AH GG 5%, TR 0 2 %
RN R R S AT ) TR T B T B
SRR NI BUAR R

5 #iE

PGSR R N A% N 1 R/ S K G A N
PRBERS A IR S PR AR M5 i 25 5 1 F
FOA A R TR, ML Flk K J R A A4S L AR
AIVET . K2 S i R4 A8 1 R, 7
Kz R Tavixa FEANE AL IR BONIE PRATR
I AR Sy 286 22 4x KR UG A L, Bl LR B
VA NNE RN S L NG 2 YR YR
WP NETIL7 BN S S IR N 8 ST 1PN SRl
2 [RURTBUE AP DE N N RS e N
2SN

AR [ P 23 (8] 3l 5 Bl AR My 2 AT i
AT JF TR 2024 AF RS T5 A S A TR
ARSI TR LE W) 2 BR R, R g R A 45 R
2 RRIRAE W) S SR T R B O O Y S ] A
KDL PRI, A, K2 s s

W SR TR RN 25 1) 3l 8 1 ) 7 b L K =T 22
LORFERE R TB, M, A LR TR
KRS ke i, AAXT 3R B F — B Befe b
] 2 () i I i 1) 2l 49 S5 6 RN A AL K 3l W) BiE 5 A
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M TS LR AL, H AT OC T M A R HLBR AT 58 T2 B AR i SR ) | ey S R EESE I R . A
T SR TE A v] 5 st 2y IR IR i 18 2 I e i RV BE IR AR EAE ] IA I ERUE I IX R S
RAENIE Y TN B VAR G

FEZLER T MEH B e RS T B U i oy 38, B iR A0 B E i AR AR sh , Hvh i 38 A0 B
TEMTE Y SRR I, U VR B 1 e R ML A v g 3 B 2k Wy i S RE AR T, B S A48 1 ] DA
LA R o 1 DU /N BRB Y | A 358 = FP k=715 5 (DSS \TNBS Al 4R ) Fl—Fh i 2L 115 3 (Ar I FR AT B ) 458
RY (RIS AT DU AN BRUSERY B AR Jy 12  R) B (35 S RH DG HIL BN 1 7 SR SE , I S R TR A
WAL B . )5 EROT A X R 5 R N C R EE VA GIEHE X RS R
Z AN DG RN B E I PREROC R MRAH EARE I . 25 BN AR SCH Sert M e 19 4328 i e F A 79
SEHEAT RGN B SV R e — A s 1) 2 et R I L [T, BT S e AR Pk T i e 1 IR R JF R WD
A5 AR AE s 14 B R0 i SR 8 DD AR OG5 T 2 P W s /) BB | ) B i 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 Shi B i 5 5206 25 27 (9 30) Y HH | (Animal Models and Experimental Medicine, 2022,
5(4): 311-322; https://doi. org/10. 1002/ame2. 12255)
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[ Abstract ]

. . . « . ”
experimental animals have been sent into space as “ pioneers”.

Space animal experiments have always been an important part of human spaceflight. Groups of
This paper reviews the progress in space animal
experimental research in the European Union and Japan since the 20th century. It summarizes the devices used for animal
experiments and the result of those experiments, to provide a reference for aerospace life science research and medical
research.
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20 T4l 50 4R40, AZERZSTHI R R4, 1 5k
e ERF 2 Z A sh Wy (22T RIS
DA 11 ZEHE 5 R A WA B 31 K =5 0 1
SELF IO M1 BR 1 RE 7, B Y 2 O T B BE
e R Y . AR I8 L HBRG, PR K
2 WIS RBUR I iR, 3 20 42 60 4
PR, TRIRANSE [ 1) R 2 ik 1AL 457K B S 75
BEOR Y Wk S P ORI S A S A ), T
W E AT RE TR 2 A AE I [ I, TR IR G T 2R
e R 2 P E Sh ARG, A 1993 4F R H RS
Hr 10 AR Ry A 57 e (ke T P R B
R PR A2 IR PR B R B ) |
HAS IR P 3L 16 4 EI KBS ik iz 4
F Ky [ Br 28 18] 3 (International Space Station
1SS) LAk, BRI H A 1 2 8] 2 49 55 95 F 5t A 4%
WL ORSCEER T AT 30 ARRKER | H A ZE W] 3h
SRR, Xk Bl 1 95 0 1 2 S B 4 R A
WA HEATE IR | LU R i K A a2 i 5 | B2 2
GRS

1 SCIGZEE

1998 4, B K Fl it X J& ( Agenzia Spaziale
Ttaliana , ASI) Bl2#7Zs 01 2 BERIIRE R 2AE 5 /N el 3
HE MDS 4], MDS 313 i I LT A —Fh e
TR IS N A TE I AR S At , I 2 B X B
T A I B B A R, b e D B (AR ) R A
(Mice Drawer System,MDS) , 42 & KA K 5 i i 1)

S~ BTEHEA T R ) R B G U 28 S ) T A I
(100 ~ 150 d) K= SRR E (ILB 1), HIEA
Rt 421 mm x 480 mm x 516 mm,, {145 ffir . STS-
122 % T RS ALFE /D AL (Mice Chamber, MC) |, &
KA P 22 45 (Liquid Handling Subsystem, LHS) , £
mnCiE - R 48 (Food Delivery Subsystem, FDS) , %5 I
F A4 (Air Conditioning Subsystem, ACS) , B B] 1 &
% ( lumination Subsystem, ILS), W M + R 4t
( Observation Subsystem,0SS) , 2 4% il ¥.7T ( Payload
Control Unit,PCU) , MDS AJ Jy Wk 14 28 5l 1) K 28 52 8
Fefb AR Ia] il K A Sh ik KRBT, 5K
AL AN E RS [R] G B FLAE R LS, /N n] LR
h(Fe 6 H) sUsdl(4 %) fgele™

2008 4 3 11 H, HA A& %5 55
(Japanese Experiment Module, JEM ) ( AE#91FE & B9 /)
BAarn R FRAE) , Bl Ay B2 % (Kibo, Hope ) 1 36 [
“EFIHE” AR TR 2R 5T S A [ PR s ]
Bl Z A A 55t (BIATE , 2K 11,2 m,
HME 4 4 m, NAR 4.2 m) SR AN B e K AR A
YIRAE AT T R R S8 Kibo SE50E H i
I35 3% K8 RS O AL A2 W) 92 56 it ( Centrifuge
Equipped Biological Experiment Facility, CBEF ) ZH i, ,
CEBF T4t 0. 1 ~ 2.0 g (A T8 J3RBE" |

2012 4F 7 A 20 H, —FhK G FT B H A =
H- 1 TN H 35218 R A TE R 2 25 ] ol , H A 528
Wi ZS WEFETE R WL (JAXA ) B 3 Ff 7K 8 FR A < K
H AW B ( Aquatic Habitat, AQH) ” . & T 5T
IKAE AW e B T 32 BN AU SZ IR, AQH B 22 Tl A

B RN (L) R
Figure 1 MDS platform
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[l PR [l ) H AR SESS A Y . AQH 2 % 1A 32
Bl CCD AHBL /K UE PR H T | M B 25 [H] T (2
AN TR A IT I 4 Aok, TS H SRR
H ghiE 4 H sh iR DL S BORE T B, HLBE A% 1 37 /)N
AR K2, B N BE o £0 55, I B (2 AE R 25 IR b
THAATF 90 d, BRIz Ah, % n] LUR 4 5256

Tk TR LRV 5-2 /AN THE DR RS
( Multiple Artificial-gravity Research System, MARS)
(K 2), HCU ( Habitat Cage Units, HCU) J& MARS
HU A — AR U A T (R B T, AN
1IUNRIFRER T 1AM ROK R S8, 1 Ak
WCOR R, 2 T IE XU A XU, — D R AR &

114~ LED/IR #1201, HCU BT WLl &4 11
WO, AT 3 8 5 N BOWERE N BL, EAh,
FEFERE LW AT 4R5K DR HE B 28 N 1A (an
PRI . HCU BIRWL=AE S (< 0.2 m/s) , 7]
AEFR N 02 S, HCU B 11K AR 1)

TR ECAE MR e | I A6 I K 38 58 19 45 Fh 280,
FEAKIR K K BB AR i A pH (HAE . KA
B ARG AR S 2% S AR Wi uE AR AR, —
BB H A 2 5 AT P AR AN R O e AR 2L R

2016 4, H 2455 fiig 25 WF 78 T & LAY (JAXA)

a0, HCU A BF AN — FUNR, 1 KA, 2. 884535 /LED , 3 IR AR B 4 DERHLUEK 5. 505 6. B LM, 7. 2 &, 8.
TR BRI HOAR /1 8%, T A Db PO 4R 438 7 d A BT RK LR ; b 32 4 7 55T ( Transportation Cage Unit, TCU) , TCU 7E— I H 3% 12 AN
BT A RHIE T /AN 1 /N, TCU 725 35 i B al S A% 10 d AR AK, 1A W i 55 X8, 2 . KA, 3 £, 4. 7K g
W 5 TEBRTR MR MR/ 55 BE 5 ¢ Bie &5 B O AL A 9 S8 10t Centrifuge-equipped Biological Experiment Facility, CBEF) , CBEF T 340 25 A - S
JIKFANTHESIX ;d: AG FBAY, ZE ML AN 6 A HCU , 55 M T H22 i i1 g6 1429 0. 15 m,
B2 SLHFE-ZEATEHENNRRZELE A
Notes. a. Habitat cage unit. The HCU accommodates one mouse per cage. 1. Water tank. 2. Camera/LED. 3. Temperature sensor. 4. Washing
machine water inlet. 5. Nozzle. 6. camera wiper. 7. Food box. 8. Polycarbonate floor/wall. The Health Coordination Centre provides a 7 day supply
of food and water. b. Transport cage unit (TCU). The TCU contains 12 cylindrical cages in one unit. Each cylindrical cage can accommodate one
mouse. The TCU can provide food and water for up to 10 days during the launch and landing phases. 1. Housing area with food. 2. Water tank.
3. Food. 4. Water nozzle. 5. Polycarbonate floor/walls. c. Biological experimental facility equipped with centrifuges (CBEF). CBEF consists of two
parts. The micro-g zone and the artificial g-zone. d. Section AG. The centrifuge accommodates 6 HCUs and has a 0. 15 m radius of rotation in contact
with the ground.
Figure 2 MARS Experimental platform



o [ S B A 2022 4F 8 FI 55 30 %55 4 ] Acta Lab Anim Sci Sin, August 2022, Vol. 30, No. 4 571

JEHATRIRG A 12 h, iR B R R T2 1 RARDRERIK Y
. 51 MES ES 24 4 HCU, W35 12 HUNR
FIF M 12 4~ HCU J& 45 F I, LAB B ) gt >t
2018 4 JAXA £FXF 55 1 IRAE 551, HCUs 7Ef4EE )
(MG) N &A= /K i 1a] 84T MARS #E47 ekt | 9
T JAXA 155 2 IR/INEUE 55 (SpaceX-12)

2 SCIGEhY

2.1 JkgEH

2007 4F 9 H , % #1811 Ingemar Jonsson #{#% i i
R 37 K B 0 e T-M3 7 B T K RE ik ALK
25 K AE R 58 T 028 AR SR BT I R 28 M 45
10 KR ek Bl R0 R i 2 K« ATy
JKRE HUBFIE & B, M3t 68 % MK BE BUATY AR AER |
ZHHEEPE TR, 2011 4E 5 A, B AFBE R E T
STS-134 "S- CAILHE At i s ok A 40 15 7K BE L — ke
B LRES EH T K BE HUAZ 1) K 4 BT A 4 A I
REAEE DU R A /N, AR AR W T R 7 T
REfrfEE—EMIEM™ . RAJGH 2013 49 H,
AU AT R R TG A0 R AT 2 T2 7K AE HL 5
T ARZS M AR TR A 4R 5 R 5T 10 d DA K BE
HA A, AR R A 3 H/NBERE Uk 22 Kas
Werm PR BE R, 28 ek T AT R4 B A R A i
S ERBE X K BE BN AN AT LUAF %, B R A LUIE R
Hegptel,
2.2 FWRALH

2009 4F 11 H 16 H , WA 2 35 5K LA
AT STS-129 1155 i IS [F At Jmy 15 e 1 A K vy
S 55t 75 W R AT 2 e B RE AR E A S )l BRE R
T17E FE BR2s (Al (1SS) #Y H ARSLE A (KIBO) Hr, FF
G T A SE 56 2h ¥ 75 T B FE 2% B ( cenorhabditis
elegans) #F 47T A9 K 25 L 8170 4 B A S
( microgravity, MG ) 5 1 G fJ A T. # JJ ( artificial
gravity ,AG) T, 75 TN B AT 2k H7E 2 40 0 B 0 T A
R AL B 35 4 d, LB, i fet B AL S
B RIGR UR, fEIR G X AR K NI F 3R
ASFEPRUFNER A Rk 17508, S5 R BOR  FEIK
FIEMT, L1 & BB B A K 21 BAT A9 55 i Bt
FRE L, LD 22 | 40 15 28 00 1 b A AR 1
FRHE R TN 1 268K SRR T7E 1 G B ML E 4T
BRI AR, S Sy SR 15 35 14 75 T B 2k LS sl
Ax MK D FUIG D HERL, $o, R E S RGA 1 AR
LA RE S S BCEAT RS TR = AR AR R

2.3 EEEPYIRH

1994 4£ 7 H 8 H ,4 4 H A i 1 & 300 435
IR H AR =K i dl1d STS-65 S i K CHLE
A ISS 1Y [ Br i HE 7 5288 = 2 5 (International
Microgravity Laboratory , IML-2) By 4f . 18 o WA A&
AR A IS T, 75 B fa 475 mT L A8 e 2 7= 0, 9f:
15 d Jamihgh e o0

1995 4% H A B UK iR W% A K%, 767§ SFU
L FESS IML-2 478158 AstroNewt 301 H A 58 1k
X IENE R R B BRI, 2012 4F, B R AR
H K Kibo SZEGAE N H9 AQH FFH WL AMOW 8% 2 48 ot
32 5T A0 JRe I IR 25 PR R B Ui 2 [ A S
5T, R 1R F6L B R 4R IS 2015
4F JAXA FIH Kibo LS AR Y AQH XT 18 253 5 1
PEAT LR S, 2008 5 1 8 T % R I IR
KIHPATAE 55 I WLIA TE o 5 SR 1L T 2 2 fi 4
G IETER
2.4 BEHD

2007 4E R TR 54 H s A Kz, B
LRI SRR RS %, IO & T 2 ST A i M K s
HAr RS, BHEZRATN N, NS PR UL, fE R E
T, S RN Re AT 2 E Y, BT A2 L 2 A
AREIE W 2 22 S R AR, SR Mgk A B K 2 v )
54 WM AMUAEE T Tk, e sz 22 f H
WIS T 33 HIRE, 5 RBARATA A
Hu &I 33 HOR 23 R AN AURAAF RN, 18 b
S 4 D B ok
2.5 MEEEHY

1996 4E 11 20 HZE 12 A7 B, 7EPUTHE
23 SLIG ZE Bk AF (SLS-2) T 45 (BHME I ; &5 [alis
&5 80) H, HARL =500 12 H iy SHR HEME H
RAERMER R (7 ) % FoR2S  fEL AT 18 d,
FHhJE 3 h AFE AT R BRI BB, B S AL,
WLABRARAE 22 -80°C , Western Blot Z3HT p53 &1,
pS3 M FEAE P I A R e SRR ) s [ R B vh &
R,

HABL 242K Hollander ¥ SD 4 K Bl 42 B 7E
STS-63 fii K CHLEY AR, K25 KAT 8 d, XK R
AL DI REFEAT L, AR RAT S B4 e H
JUR AR D H R A AR A IO K B AR )
Fih 2 Bt A G 0% PR AR, R RAT IR R ) KRR
JFPR I ik B L b T 10 %o PR 2 R B T 47%
AT ERA R &R IO, XL R R AR
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AT N AR B AE T, 5 DA AR B

2009 4F, BORFIMIR 7y ik MDS 1 1SS AT 1
100 d Y RATAE S5, A 3E T 20 K28 sy S 0 i K
B, BFFER Y 6 L PTN /NRL (e ) 4B 77
. BARNEANIE 20 d JFIRE TR, H7E 100 d ZJ5
AT A IS N, A IR I 43 AT AN A R R &
PSR, XSS R MDS 7RI E TR A
TRIHEHL 25 AT i RO R A 5 T AT A
B RHE , WULBl MDS AL A L SR 7T DL 32
ez 100 d WP SCK, MDS wllisy H I8 17,
N-HAZHE. ERIE, (BN sh P8 A R,
2014 AFESERL T 4 B fe K /N BROR 28 RAT, XIRAE
5,6 H/NRUEE BR2S [ ol B3R T 91 d, MDS
INRETREFMAE WA EL K, —F 0% RAE
FE R AT

2016 47 H 18 H,C57BL/6 /N (9 &)
12 HAEH Je i fii K 0 4k SpaceX-9 i A 1SS 1)
JAXA Kibo SZ8 iR 425, 3T 2016 4F 8 H 26 Hik
[l AERURTTE] Sy 35 d, shpak Bl HETH 40 h f5 #E47 R
o BUIR AT N E 408 T | fe s 444k \ TUNEL 1
4-HNE B8 I S5 ke o3 iy o 25 R o, iR 564
T U DRI A 7 4 O T B R T, B B R A
T, R4 AL 45 Shiba 251 SRH wCT
DU B R B 00 B S AT A D 2 B, /N BR P TR B
WAL H A ME i DL G 2 REAIG, K SRR AR
. Matsumura 2 7E 35 d PUB /N BUOETE L BR |
YRR b T of R BRUOL I R 5 T 5 AR, SR
H RNA-seq NP8 EBA 1 DA E W AT
HH 308 0 ol UR Bfe oF ml JE PR) @ 3k i A8 4k, e b /N BRURfE
SRR 0T B BE 48 A Y AR AP A2 K K7 5 28 U iE R
A Y32 P B8 B B A BEAR Y IR F BT 7241
B BRI o E kR . RIFUEINRS
MR AS RSB AT B A6 K2
REFN 5 AR A7 e 7 i A S SR

2018 4E 1 H 18 H,JAXA R 5 ) MARS
AT 2 I/NRAE S5 (SpaceX-12) | [RI B PFAl A T8
J1(AG) FREX/NRAEY RGE R, 12 H/N R
(HEPE,9 J8) B oy ik 4 41, 41 3 K, B E A
B S RERRNER &Y, T e PR as [a] b | s i
I 1 g N T H S SME R T, 72 P K B[]
30 d JEaeazaR b ER . BFET N 53 & B/ BRI R K
17V AR E AT G 0 ) a5 Bl e 3 B8 /N BRI R
AT EREA FREMBE AESRARE, XERH

M) MARS 7T B BY T9FAE AN THE S MR s €
fNRA R E T,
2.6 3

1963 4F 10 H, — FUS 0 R i 9l A8 A R <85 B4 571
e &G s, i B TR R T
Kk ERA MIRAEPUE ©AT R B R 160 km,
BA KRR T 15 min 2247, 3% RN ST 58 1%,
145 -2 4R [l g )

3 NEERE

KM R 28 R NN A 4 R U | F
b &Rk SR LR L TR A, 2
1E, B AT H ATE R 2 g W) SE s i o8 b gk A7 1 R
RIS, SC U B B Fh S A0 45 75 i 0 BEEh £ R/
UK RE UAF ) SIS P98 N 45 = B TE sh W A
KA HEAEUEE , K25 858 T L sh & & FAE 5
9T, RESFEET BAGS ILA Z 48 i A58, FoR =5
PREE T X IR A A0 40 22 i BF 52 45, TRI A, 2016 4F &
4 BRI Wit s ) 58 B (HCU ) /N Zh ) 7E
TR LU AR L R ) RS s W S T AR, X
W FL B P 1 R 2 B8 o) o7 AL o, A 455 AR L AL
PRI 22 45 IR G D) e R A ) T AEHE 8

H 2020 LK, & E R 7 KAE RS B iz
OKETE K, A R KRR, B S
T =B, K5 RIS = 5 5E Wik 6
UCRATAESS , B 58 8 T G SR AR 36Uk o B AT 55
Hin, FEMURHEA IR AT B B, i
FEAIARZS RN N AR T BE A 52 i, $ 4L 2 T 30 [
Jr g | FEIBRE A R FR A A 3R e Ak 1Y 23 [R]
YT S TR E R A 5T R K S 25 F
FEMCN AR GT T 0, A SCRREE | H AR 1Y 25 (6] 31
Yy SZIR B IT BIR , A B e X & 1 A0 K IS 2E BRI
PR EIESEMBHIER
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[ Abstract] Manned space flight in China has advanced to the stage of medium and long-term flights. During long-
term space flight and space residence, weightlessness is an exireme aerospace-specific environment faced by astronauts.
Weightlessness can have a serious impact on their physical and mental health, and may induce neuropsychiatric
dysfunction, including cognitive decline in responsiveness, judgment, and decision-making. The particularity of space
flight means that it is important to develop experiments on the ground to simulate space weightlessness, to explore the
influence of space weightlessness, and to find protective countermeasures. This review summarizes experimental method to
simulate weightlessness and the effect of weightlessness on body function.
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[ 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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Station, 1SS ) - f) 2 4 5 %6 36 % S (L I AEM Al
AEM-X HEAT, AEM 283077 T 20 Z Ui K iz 5L
% (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 H: 4l = ik
BRI T RHHS R 48, A 2014 SETF 80 FH T8
NASA iz 36 Sy 8 [ Br s ) v . — 551 460 52 45 F
FER W] RHHS Xkt gh ¥y A= £ Jc T e 52, I+ T
Z RS- 5 o 12450 1k, NASA i RHHS
EPATZUCEHESI Y)Y AT S5, EEER Sl
PN IV

1 ZYKRERE

1.1 W55 30 4 8 3 47 5% 1% 58 ( rodent research
animal holding facility , RAHF)
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Wk A R S Wy iR R A AL B oK IR TS G
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Y, SRS AT O T B A AR A i AR AN
AR A 1t ) 5% G 0 TS L b B O 2
JZEYELERY  ANZE R 150 wm FLAR BGASEE B T 410
il 22 A AR R AR B R B, T Y Ak B b

HEME A A 25 TR 5 48 ECS RguusE . /Kt
AR 9.5 LK FEAFAEKEER) T SEAR B e 22 v,
HL ) BRI AR ] AR S8 s L B4 4R (Upper
Electronics Box, UEB) Fl ik & L 7 X % 5 ( Low
Electronics Box, LEB) ¥l -1 #9 RAHF (1) A 4
BOTTEMI 38R 7 2 A F 2. ) S )
Bt i e M s Y R 8 . G S RAHF A4
T T Sy 35 G Xk [E AR SUASE Frg R B R B S 6 Bl
WAL ( Single-Pass Auxiliary Fan, SPAF) 2 H T4
BhHERR IS YY), LS, RAHF 16 SL fil STS-40/58/89
LTS5 s T R BT AE /N IR Be A R
ARk R TS Y

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

AEM Z—~ A — R IG5 KBRS
A4~ AEM 2B 53 6 H 250 ¢ fRE YRR (5 20
HUNED) 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 BE W) 4
AEM 2 &0 EaW K MshY i) EE 82 27. 2 ke,
G KFELE B 5 T AR 645 em®, AEM i%
T LT RE g 28 R g fE e ] R E  H3h
PR WANHEM YRGS BB . b, AEM 2% 8 4 )4
SR FH PR AR BT T S TR | 38 w] %of oA 7 547 0L
SERRAR' ), AE L SE Rl b TF i A9 AEM-T A
AEM-E SR H] T8 A <7 (R AT DLZH 26 R AR 454
AEM-T i Z W] 35 10 HU/NR, Geag$2 it i K il
R G R RIS B AEM-E #5551 R 58 mT $2 44t
A AR AR AR S T RE AR A el
BHECCIRERME, AEM HFRIBSEIE SE M T 26 Wi
S S T RATIC R 7~ 30 d B9 IR BRI
B, 2R [ it b, i A 0 1 G B B | I BE RM 22 R G E
Fibr . Wade 2517 90T T 15 YR ZS S5 K FUA
H BRI A MUK &R, RATRRZN [E] A 4
~ 17 d AN, SLRZRLR W] E AEM (R FR AR oK
B 55 b TR X BRZEL AR LY, AR | B B AR RO &=
HIE R E V2. Moyer %5 7E M I I AEM 17
FEfe, KL AEM 28 ] 308 12 HU/NEREL 6 HIR R
1) 35 d KBRS
1.3 M5& 3 &£ 5 & 4 R % ( the rodent habitat
hardware system, RHHS)

RHHS J2#£ AEM 19 S b 1 ok it i ok, 2840
i . N ERIZ 7% 28 25 [0) 0 19 3 a2 | 3] 3k 25 [A)
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IR I (AT 211 ) DA 3 i 24 B A% 3 A S b BT 1Y B
S//EERIERE TR D NE /Y e N g 1 sl ol L RS B K ]
BBk, RHHS R Z Al 5490 10 H/NHE 5 ~ 6
HR R, #A4> RHHS BT &85k &8 M iR
MBIV 25 | 16 LED | 21 40 BE A 1K B ) R SR 2
JE#% . RHHS T 2014 4F 5 IRTE SpaceX-4 I &4 7F
WA, FEAS T A 1A H B s b, A
PEREFNIRAE BT AT G 16 R 25 #E4T 2h ) S 30 i 98 1
K, AHSCIHRET 20 2R W23 (rodent
research, RR) 5%, M RR5 AT 55 i, RHHS
M T ZI1RE X 1835 & (enrichment hut) , FE H A
BRI B, AT T 3l W B AR A AT Ry, LAD 3l )
FRPRG i 1)

2 KBERITX S A IR T RE R 22

2.1 BEBERGINEE

FWFFEALR RAT XS e RGN RERY R M, 1993
AETE STS-58/SLS-2 KATH , XFHEME SD K B Ay fEL AN
HHEHLMF R, AT R EUE T 405 F1 NK 41 A
TEVEREAR, IL-1  1L-2 ' TNF-o 5520 ifd 5 1 3R 3K T B,
2 W 40 0 G 28 8 S P IR I b AT 14 d S5 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 RATIEIRE TR 10% ~ 12% , [P i 5 4 35 0
FEAR, /NEUE A CD25 R TV 4 M CD25" FH R 40
Marh CD3* T 401 NK1. 17 40} Fe 45 | T, CD71 %
KR, TFN-y IL-2 1 TL-4 F35 R, 20 40 i Fn
JIIRANY %@ ) A 11 O (AN TR N AR e T A
ZIYH L )T R, 26 B AR B KRR L, 2007 A
Baqai %' 7E STS-118 WAT{ES F I T Wi 13 d
) C57BL/6NTac /MR A ®ATSC G, 45 R o €A T
ZH /0N B 48 L T X B A A R o R 5 e T S U
b RLIRR L0 | B A | I 4 R b e 2 i
0 LPS VI 40 i 43 04 1L-6 A IL-10 %3
Haom, S AL R A o6 R R Gk B, 2011 A,
Gridley 41" £ STS-135 fii K &ATH K CSTBL/6 /)y
FUET AME @ F o H, ©17 13 d J5ik I, 458 %
BR, M TR HE ZE AR B, AT /N LR R R T R G
G RS S (ELD R A RORE G T R
XoF /N B R ZH 2R % TUNEL S8 5B 7R |, RAT2H /N B
JRZ0ME DNA Wigdst £ o seah, AT/ BUK IR 4140
T 41 ) B8 A RE AH O 3 R 238 5 0 IR AL AR AE
WS DL SR A5 R R IR AT B R
RPEDIRE, TR RERE S H (WE L),

1 iR ITXHRPEE R G IIEE S0

Table 1 Effects of space flight on immune system

CATHESS {ETAOE 3 WIS R
Flying commission Species Result
- T T 2B NK 4006 PEFE A, TL-1 1L-2 ‘TNF-o 20800 7335 TRl
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 323k T prlio]
STS-108/UF-1 /NB TRETRE, IL-2 Fl 1L-4 F3K T -
Mouse Weight loss, IL-2 and IL-4 expression decreased
MR JFF L T S0/ , Rt L A A A L 5 AT A 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[ !
e pas AR WA R R B
o Mouse Spleen mass and relative organ mass decreased significantly''?’

2.2 MHBRRZGSRIEINRE

1993 4, NASA 4 )5 JF @ 1 25 Al A= i Bh 2 S0 5
SIS-1/STS40 #i1 SLS-2/STS-58 ( WL 2) , Ross %"
WFFE B R EE LR 1 11 25 6 40 i A 47 R 28 i 5
Aoy, HEZ S ) BAE G, R8s IR 2 il
RGN AR AR HLAE STS-90 ®ATINEE 2,14
K, Fisher344 KRN HAZ, 251K, L H
AT 25PN B 4 IR 5 A e DR, A S
AeFFRE5E . 1994 4EA 1995 4F  NIH 5 NASA BEATT

JEE T P R AT (STS-66 F1 STS-72) , LI
SR AT R AR 2 A 2k 7 B, 25
FIBEFE SD 22 B (T RATHTE] 429 d ~ 4220 d,22 11 d
~ 2220 d) BT ARG B, G5 R s SO0 BREHAR EL
A= 4y BRI IE S S 4E SR | 70° BT ABUARESE 56 H B0 B ik
G 5, B s T K TRAT 52 W R A 4 BURY BT E 2D
AT, 1998 4R, fE STS-90 K AT L 55 i,
Pompeiano %5 BFSE T Fisher 344 K B 2H 21 B %1
FIHFE (immediate early gene, IEG) A Z ik 15 &,
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TEG 3 5 7E P 20 41 27 2 RS 7 B 3835, 25 R
NERSTE 1 d MERE 1 d, S5 A,
KATZH K BURTRE X 8 TEG 3 PR ) FOS &
FRA 25 [ FHME 40 0t W #5140 . Holstein 2517 1
STS-90 KATAE45H %} Fisher344 K BLEY ki 2H 4L k47
THHgE., SXIRAM L, K% ®I7 24 h 5, KRE/D
[DRGIRSEI R S AL NSy NI T o e i 2oL (0.3
AR . 2017 4F SpaceX-12 KATHT, Mao 258 BF 5%
T /N B 5 B A R R, 285 35 d RS RAT R, /DR
MR E AT RGN, B A 1 Z20-1 FIB AL, M4
PN F 2 L 85 Rl PECAM-1 F 5, 1L g J5& I 14 5%
BPERREIR . DL ER I, KA AT i E R
ARG KB MG,
2.3 BRMAAIHEE

1985 4F  7£ STS-51B/SL-3 KATAT 45 45 % )5 %)
SD KEIEAT T 2B 78 (W3 3) , 45 % B
7 d BYRZS AT R w400 ] AR SR Al A A1k, RAT
J5 12 h, BRAIMEES A BOGER R, KBS E
Eri b B R R R R A, 1989
A AE R T d 1 STS-29 K&t KT Ili5, Kirchen
A5 G IR UM B R T S, LA T AL 1 il
BN, Zerath %12 %} STS-78 RATAE 55 %
ZRAY SD MEbE K BRI 7 K BLALEE 77 51 1Y B K
PO 5 N IRPERE B2 B R 1 /- W G5, 7E STS-131
(915 d KATEE R , Zhang 251 % 3R AT /N BB 0
HARFUE I, 387 T g 5 | A ) A 5 43 A 1T e
FERARG R AR SRR . 7E STS-90 155 1, Fejtek
ZEPURT Adams 25 AR BIRFSE T RATRE R BRULA &
BRI, 25 5 R 5 1 BE 2 A L, AT R R
HEEL LA NREL ULET 2 e 1 AR b 25 R B, I A
WLTE & ARk, $Em K2 ©iT & 5 508 B LR Sb

RUNLZESE (A R L ( E PR AL) . R
FIEHE KB B ARSI, K yiE IR
AR B, AR ERS R 1T RARKE T
(insulin-like growth factors-1,IGF-1) ik T [, 1 Y
JILEK 25 H #5% ( myosin heavy chain, MHC ) 3 [ 3% &
TR, ZERFBNE N T RE YRR EK K&
PLE M GBS R 2 LHE, 7F SpaceX-4
(2014) F1 SpaceX-10(2019) &t J5 , %F C57BL/6 N
NIRRT R B, B TR A AT (14 ~ 33 d) AT
EH R E N B R 5 a8 LR 75 A 5
)22 55 A5 5l B o 2E . A, S5 AR RN B L (9
Ji) AR /NER (32 J]) i a2 B i 3 HOANTA]
T AR AR —
2.4 HURSEMMEINEE

Rabot %% ¥£ SLS-1/STS-40 F1 SLS-2/STS-58
1255 g Rk 23 RAT X SD K B 38 R0 8 5 i
S IRAE 9 d A 14 d MRS AT, KBS A (g
FERBUERE . 7E SLS-1 RAT)E, K WU I8 46 4 I8
F% ( short-chain fatty acids, SCFA) 3470, /INJig A1 BT
Bt HOIK B & 7% B2 B8 ( glutathione S-transferase ,
GST) ¥4, #£ SLS-2 &A7 , K B 4H L € 2 il
CYP450 . E AL, B M WA Y R 1k, SCFA ¢
I PRAR AR D, B8 R 2 RAT SR i B A
YIRS, PTREBA 45 W b B 4 M ) T8 285 Fn 1
fig, A AN PRI R 48, 1996 4, Hatton %51
FE STS-80 L iEAT T o0 #1 18 d B9 H & % & I /&
(SHR) KE S5, I T AT R FIRRATR €
AR Il He K i 28 B B 77 3l Bk 2 6B 1 52 e, S5 36 435
SRERT MUK AT A AR My 72 5 A B R 3 HL R
FHORATAL K R 2 BBl K P B AR 2 R 44 ot 784
P45 T e i, Behnke %51 #E STS-131(15 d) |

T2 IR AT P4 R G R EE ) RE Y520

Table 2 Effects of space flight on vestibule and nervous system

RATESS WX 5 Wovsh
Flying commission Species Result
STS-90 PN P B AR 2 fi 5 T ke o
Rat The number of banded synapses in the inner ear increased rapidlyLlsJ
_ K BERRBREIEY
o Rat The frequency of righting reaction is low '
STS.72 PN L RUBHIE S B3R, 700 207 0 AL SE 06 B0 s 21
Rat The righting reflex of young rats was delayed, and bradycardia occurred in the 70° upright tilt test' 1%
€150 N RISV Fos 1A FRA 2 F1FIPEANIIECRL 01
Rat The number of Fos protein and FRA protein positive cells in rat brain increased ! '®’
STS-90 PN Purkinje 41IZRRE 1A B35 Bk 450 40 T RS & AR 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 , ¥ Ty -1 fm '™
SpaceX-12

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

1[181
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STS-133(13 d) F1 STS-135(13 d) fE 5 h#F5Efi R &
F1XF C57BL/6 F1 BALB/cJ Wi /)N U 22 B85 11045 2
RSN, 45 o, 5 T X BALAE He, iR kAT
/I B 2 F5E 50 Jk R e kI 65 A 45 B g 461473 , FEAIL A
A2 5 Ryanodine 52 1A A3 1 L P9 85 25 1 B ilCA
¥, 2013 4E | Taylor 5 1E STS-135 1% 45 FR BF 52 i
KRATXT C5TBL/6 /)N UG L4 DI RERE ), 245 R 7R
/N BN ) ik LR AC 446 2 1o e ARG Wi 3 Jok B K L A% 34
T HE R TR AT T REIS S R T (L 4) |
2.5 BWIEEITAINEE

FERZS RATHY, WAL T A [R] 1) 1) 5% 3R 45 v
WYE RAHF R4, KM IR HAE T B ISR
RS, MTE AEM W FEAE T, KBRS, 5
B Z 6] B 3l 5 e S i I B 22 0] A7 7y B4

R IE, sl 4T R 1T RE A2 31k T5 20 858 R4 S5 AR 1 58
FFEFRIE . 7ELATER) RAHF 1 AEM (835 R85,
L] A0 Ak B BR R Bl 0 0 ST 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/6) M K
C57BL/6Ntac #fEPE/IN U MuRF1 35 R 8Bk /s B4
10 FO) T HEAT WSS . RATHTIE X/ NI &
YIRKGHEAT AR B, 245 5 BAR 3 F Mm% B4,
AT /NI £ AR OK B /b (R T B B A
Ao 38T AR 5 Sk X /N BRU ) Bl i LR AT SR (1
0e GESN, AL KA ) 5S8R B AR B
TR 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 URCATXEASFIILA D BERY R R

Table 3 Effects of space flight on muscle and bone system

TS IO S [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 R R B B B RN SR AR 5 , T e
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 2]
. KR wpRER
Rat Slow cartilage formation"~
S KB 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 LR R 3 7
o Rat Atrophy of rectus abdominis and external oblique muscle!2*
STS-90 PN B K1 35 SR 1 MHC IR 505 1 R AR >
Rat Skeletal muscle grew slowly and the expression of MHC gene family of exercise protein decreased >
— ML PERILAIL TG T W, 6 e
pace Mouse Skeletal muscle and bone loss, weight loss, multiple gene pathways change[%]
SpaceX-4 /NE 32 JE/INBUINE: R AR AR LE 9 JE/IN 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
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 JANERIEAR, GST 0, Ak 4 i 2
’ ’ Rat SCFA increased or decreased, GST increased and goblet cells decreased!?®!
STS-80 PN ¥ RIS Bl kA 4 T RE 24> )
o Rat Impaired systolic and diastolic function of mesenteric artery[zg'
= 2R A s Th e et [30]
3L 133138 AN BRI "
Mouse Impaired mesenteric vasoconstriction
/NE JLSE P 425 A 4 S 7 ARV, i Jk ek e A6 o

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, SEY AR 1.16 ~ 1.82 m/s JWHEN,
PR A B PB4 7 oA, I I 25 IR [R] A 384 m AR Bl 4R A
FroRt

3 NG

KA ENY T R RGARFAKR AT AR K&
HoAtb A= i RG2S T B R DTk, 56 [E NASA
VT JLH4ETF R 22 Wi v sh W i R 6 AT 52 50, R B
LR QAT W 2L S Dy DA ) S i B O LA
M RGHFEYHA WER W, JTILAFEE, NASA R
FHZ RS SR sh By, X R A7 5 |k i 2 2 A
FIR R A I T A MRS, (HE T30
Yrgice AEBUI B] | 3h ) A A7 DR IR B R W) Ak 3 R e
SERIR T 30 T FEAT RAEA B KM I, e Ak, i
T 3 2 ] B BRI o xfE DA SR AL R BB XT 3h 47
h A ARG SRS o B RO I R R N2
23 (A AE A b2 S b IR — DR R R
WELT 2 Ak B B AL i AL B 5T, 255 o0 A
FRSN RN ) 4 2 R IR B XS S W 22 e AT R
TR 2 R G IR
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Research progress on animal experiments simulating stress damage and
protection in the space environment
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[ Abstract]  The space environment challenges many of the biological processes in the human body, in particular,
the central nervous system, cardiovascular system, skeletal muscle system, immune system, digestive system, and can
even induce the remodeling of vital organs. Therefore, simulating the space flight environment through animal experiments
is important for elucidating the mechanism of space stress injury and understanding potential protective measures against
injury. This article expounds the stress injury and protection mechanisms of animal experiments, to provide a reference for
future space exploration.
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FRGENEAR AL 4 BIF 5T R , O X R s BB 5 [k
) T BT AP IS 0 e R AT S IR RE N AR R =S [
AL B2 0% IO A A3 A A WL DA B Rt B 4 4
2%,

1 R KZINE N5 L5
R

1.1 IR #EE R S50 R R (%

ZII R A AR H, AT R R
R B AINARAT A, HAT £ 2R IAE T3
W FRITHEE BT R . Gros 45 RT3
B FEARADL A T O B b, HCs ) 2 >0 68 g sk , o
ARG T BN PR R S, REAS S AR 724

A2 BN R R I 22 8 ot K B e T RE 2 B T
WU XU AT G AT S S S AR A, T
et tis it an 25 W B R % (norepinephrine, NE) |
Z B % (dopamine , DA ) \5—F2 {41 ( serotonin, 5-HT)
S5 TAT RIS T, Gros % BF ST IE S5 78
7 d WR=S RAT IR, R BRI 1 JL 2 5 i #1375 2=
RATHRER 2RI Bk T — 288 TR/
153 7 GE I KNG DX (RS A% L Z0A% N R A4
e B2 RIBTRIRBR %58 ) NE (DA 14185 &, DA
M S-HT &8 e 4 2 A Bk, JF HE & &
AT KAk h e R G2 XA R R B
e (H 0] B2 5 BURL R 1) B R R DR w2k
s, LR 45 A, Raber 5517 19 K 25 M55
RS0 2 B 2 T R 1 055 5 b ik -2 5 T 1R (-
aminobutyric acid, GABA) & w4 5, 7E AL 5 i H1 2%,
H UL S AER ST | i TR GABA M & ( glutamate
acid, Glu) Y15 5 B IR, T 7 43 52 e 5 K T
HIZ A T GABA 5 7E B A 4L IR T Xt IR 4
Popova 25O /INR B T3 kAT 30 d JE, IR B
il DA & B O B I S IR R Ak T ( tyrosine
hydroxylase , TH) 3235 T B, & e fisi Je SCIR AR DI
ZARMZRIR T, HhAh, ORI AE  Wang 5 AE
HTATFEAT ) FE M AR U0 2k i S 6 vl ) 2 BL 2
FE AR B R B NE DA 5-HT ,GABA “F 3£ 3k
&N B, Glu 3R 3k 1 m, Hom i bk B i
( corticosterone, CORT ) I fit '§ b ¢ 2 it 3 %
( adrenocorticotropic hormone , ACTH ) %5 7K - Ft 5 , K
i Bz 2w i U PR AR 28 3R T ( brain-derived
neurotrophic factor, BDNF ) [ 4215 F [ | K Hni jz )2 #
ZIUES /NI DX Glu K8 3 AL, Hz ik
N-HJE D- R4 SR 32 R W 5 2A/2B ( N-Methyl D-

Aspartate receptor subtype 2A/2B,NR2A/2B) 1)\ %
FRWEEAL, REZOTFRBERY] RS ST, 3
PR i) 2% A il 28 356 5t e IR BRAIG, A2 AR 3R GK TR,
FTATH G IR LR AR AR

VEL NG Ay e =R AR O &S g AN 1N
25 B IR A 2 B . Zhang 257 B
LR, MR 14 d 195 BE B AN 2k B 3 3 AT AT
%5 R WA M, SE A R B 2 B E B A
(acetylcholine esterase, AChE ) & P£ | i P9 N — 1%
( malondialdehyde, MDA ) 7K ~F . 1% 1 % ( reactive
oxygen species, ROS) Fl 8-%%& FE-2-fif & & 1 ( 8-
hydroxy-2-deoxyguanosine , 8-OHdG ) ¥ & 2 35 44 /il
Ak, o I B 4 Bt ¥ B B ( choline
acetyltransferase, ChAT )., # %A b ¥ & 1k B
( superoxide dismutase, SOD ) Fl i & 1k & [
(catalase, CAT) 1Pk i 08055 . 76 M RBAHIK 852
U AN B R R A DR = (e B s Y
( manganese superoxide dismutase, MnSOD ) F14% it H
MR S Ak W 1 ( glutathione peroxidase , GSH-Px ) fY &
FIER LR, 13 %0 fL & (hydrogen peroxide,
H,0,) MDA ZK-F-BH BTt . 245 KU M
MR E A S kN A A i 2 2, SOD | GSH-Px
CAT ZE P AL ) 75 820, T BUIR U DNA
Pt BEE ) AR 2 5 B0 B R ( blood.-
brain barrier, BBB) 3241, Yan %5'*' #fF 5% 2 W 1fiL i 5%
B AZ 4002 R TR BRUIG H %) 55 %% 3% 422 (tight junctions,
TJs) FIURE B 3% % ( adherens junctions, AJs) & H #& ik
I O i e A R N L R Q= B N )
( human brain endothelial  cell,
HBMECs) 5250 v, Tls 5 AJs ik FARPIES 5
i Racl/Wave2/Arp3 il 45 K, Mao 42090 13 A
— TR A RAT S, RS TRAT S 5 T M A i
T2, T S A TR R ik 2.2 A S oK TE 2R
F 4 (aquaporind , AQP4) I JIE 5t 241 Bt A= W b s
GFAP Il /)y Hx N B2 20 M9 Kl BfF 43 F-1 ( platelet
endothelial cell adhesion molecule-1, PECAM-1) ik
9N, BBB #H2% i85 %% 7% 85 H Zonula occludens-1
(ZO-1) R BV, VFZ 00570 40 i DI fE | 40 il o4
T ERORLIADIRE M A RGKF (8 H B 40 g iz
AR R R A PR s TR R AR T B
U JUHGEHA 5 106 240 B 58 T AR DG T BE 1) G S 4R
FIB 0 & O . R & AT 5 2oy Ak
PECAM-1 k50 A0 -7 B8 5 22 M 48 A6 ik

microvascular
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AR 1 o K e W 3 8 A O, A4 Hippo {5
Sl Rac 5 5l B A 2 A5 S B, /) Uit
T Z0-1 12K B AL PECAM-1 2353 i ml G845
FEBBB Ak i B A W, B A R o F
ELQELI

PR AL R S 0L A s A, o 2 X A 22 Tl e

S, BRI AF RS I K R R 5 2

Jii) e R S0 K- B JUL 200 B ) L 8505 5 T By RE G 5 , ]
RE 201 BRI 400 2% B )5 1 3 Jok it 48 Wi 4 e oz 4
5 o U B Dk 04 o AR A R o A BE A £
Hefeelte , JF HB R H (collagen, COL) FY 7 4t 1Y
% ,COL M B 1 IR 27 4, H 5 f 3% 24 3l bk A4k,
FLETUR Bl Tk 0 457 B L B 50 0) HRZH 1 R 26% ., A4
REPHOR /NS I K | 1 4 R R SRR AL, AL
PRV SR S v AR A /0 I I BEL T 48 v i 1
D JRE LA A T XS R D R 7 A — 5
1.2 X & S B R R

RAERATHE R R L0 58 R G- Rl 2
SO TEPATAT 55 301 18] 22 24 i K O 1 1 L 0 e
A0 B AE K [ i 23 6] 3 ( International Space
Station , 1SS ) 11 55 10 (8] X AIL2H A 53 #EAT (4K P 1l 4
WFoE R, R AT 5 |k 1Y £330 Jok A BE 3l bk 19 25 44
FIIREAZ AL, A 19 202 A BE 5 48 A0 LI B O 1T A
RAEEVFRICYI RS A X S ol B
PR IR i S 5 2 30K R0 WL WS &4 1P g 5 8 s vy e
K, LN BETR AT BESZ 401, K AT R B, ] & )
LMK BE T R, R Z W BTE S s, KRI R = 7%
FFRIZEAETT RO I 48 04 52 ) A i) 200, A 2% 3 B
AEXT 388 KB A0 I 3 %6 0 ( cardiovascular diseases,
CVD) I

B O 148 5 ) 5 T8 Y BIL A AIE ST 1 AN B
Walls %5 WFGT 408 F SR8 e 1SS Bk & H
FERAEANE 1 ~ 3 J8 B T 56T O RN
PR M A AR, XL R S L F
(LB 2T 24 0 LT 38l 0 UL 35 R 1% 2K 9]
— 5, JLUE A 0 JUE Ty B A | O W A2 B LR 2 4
ZEALFEYIRE M 5 T R IR R B 25 A 1 LS
AR BV, BRI R RNA U5
RN /A e F L T (extracellular matrix , ECM ) &
PR ) FRIB R AT, 25 11 e A 56 IR 3 0 Wl 2 15 o, 3R A
BRSSO JIE E I8 R 5N AT R O
WX TR I A AR R, Liang 45 B2 i A2
TS WS ) R N TR AR P b 75 5 AR 1 il

e WA #E p38 A ERK1/2 (938005 LA K B I Wi
I (4 T 0 ILA L TR pd 7P 1 Ser345 BEFR 1L
A5 NADPH 48 A0 il (0 0T, 802000 JIL A A R/
FLC B &, 9 5 20 B DL AR R A A0 L5
o I ATREALR 5 Rl 48 ) RO IR A G,
EERDIE TR S I WA R T S S N S P e b
SO TS HE o 2 T ROk S 2 R R A 251
RAEX —L R H 5 AR HLHE E §TE A
WA

RS TRAT S % B A B T B0 0 I A R 8 1 e
A7 AT RSN PR BT A 3 N 0k B A mT B P IR B ek
AR | AL R 38 s I, BRI R AT 2 5 50
A PEAG 1Y J A DL SR P 58 10 A i i — 20 1Y
WESE
1.3 X ERALA RSN ERG

Juhl 25 SRR KR A kAT A S ER
Figm AR, I A AT R R, g E AR
T, EREBN T AL O, X — AL kL
5 R AR IR I R B S B A S R A A DG, itk
Sh, ZE TR TR SR UAE 14 H 38880
Tt B 22 Ik 2D 20% , V- 349 i % LR B 7 B 2 8 0
30% ., X FhE-aE LT R A RE Rt 2K AT fE 23 PG B
FELLEAT R B3 A T AR 55, - 34 I A A T 78 M ek 1 3k [l B
1 TSR A2 O R XU, TRt A B 3l 4 S 5 ok
A FETICER J7 W fn] 52 e O 25 AT 3R] A i UL IR &R
Gk B MYIRE 0 THPLR 2 AT R B B LA
RGN RO E

58 BRI 3 25 g 4wk
M B, R ERAS T R R R R A T T
B TR i WO R R TRHIE R, X —HE 5 1
B3 PP e R FRAS T BIAES NAG 9&, Dufour
A5 US A fefe ofg K RRE AR v S B A 4B T 44
I A A S R L i 5 R B a5B1-PI3K-
Bel-2 G R NP4 &, Blaber 45 K M /1N
BUFE STS-131 AL E 288 TiE ) 15 d KK
B AR R JPIRATE , HAs S 4 M 8 T R 4 i
BiJeEHT) 53 (cell tumor antigen 53, Trp53/p53) M4l
¥ T 300 P S B 7158 1A (eyelin-dependent
kinase inhibitor 1A, Cdknla/p21) FER F iR ¥4 i T
el IR LR AR I, PT REE RRR R
TEIZBIFSE i e B B A0 e 7 o ) i 3R T 2 3
T, 3 3 B B 40 T e 1) 38 IS o3 2 i D 1Y
JE L, I AM, Chatani %57 % TRAP-GFP/Osterix-
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DsRed B 55 K i £0 17 55 T 1SS o ZE 4RI 3R (1955
56 K, & BB 20 R R DA 55 b T X BEAE L, JC
B DD W S R R R R
B, XSRS IIE SEAE R EARASTR E RA, E
S AR R, T8 R BT AR R R R oF
iR s AT I — R AT

FRAE Juhl 25740 K185 B /N BRURD R B
TR TR CAT TR E & 3 B LA E
WLTE 2 J8 PR 4 2, 9 HoX — B4 78 A A0 12 L
(it HAAL) Foss i L Cngs L) thEE ok
Wi fERE L B AL T BRI AL T B4R
PLoe it 2k A L 1B £F 48 /9 % i, 1 Gambara
EEPUHE R ZS TRAT 30 d /N BUE R LAY B A L TR 20 A
s kB, 5 b TE G BEAH EE, K2 RAT/NER I H A
L2 A 680 422 S KAk FE P 48 A L & R
THA 12 ERRBEE (U 24 D HEFEEER)
RGBTl s LA I ER S Ca™ 2k
P 5%, Braun 252 7RSS KATHO/N R H AL
BRI Ca® BB H 22 3, X il B 5 e H AL i AL
() BT Ca* ATP BFZE DI REREATAT G (HRAE IR T
WUIFA A B AZ R AS | 3 10, B 2 o 0 M P i R UL 5 4
A2 AL RESE i AL AEAE 25 57 IR T i — 2D UESE
1.4 XEKRSGEI N SR G

PiAE , EE ) /R R AR T
AAEA, , IR e Y U S T R I R Y A,
TEPA AL, PR, XS
cAMP {5538 [ A7 ¢, MR 4R 2 1 8 T B A AT
VIAE R R 25 "RAT Ho L i sh A i 2 WO TS FE AR W 2
‘:5%[23—24: .

Lu %5 38 W AR S BABE v, ) 30 ) 5 400 it A2
SRR T 1) f2 0, 7] RE -5 2 Ak RIS O R4S,
FECE BN G, E R TR R AT R 32
PR A B R . BAASRILN SOD MDA Fi1—
FAALE (nitric oxide ,NO) ) FRAHEIN  FE G LL H 35
FEE R 240 B A WAL 4 78 T | A A i ik 0 o8 o X 9 5
HE—S 5N R T e 5 1 2 AN M 8 A2 R A7 2]
T 2R AT O B ) AR 7 R R IR 542 AR
F ek B 5 (286 F L A 256 R R ) | 4
A7 5 T T Y ] B2 AR PN R 58 RE R A U
550700 ZEWAM Y R IT RIS 2 DT KA AT/ R
AULEE B iz E AR 41 B B b B W b B SRR
HESIZEFL B AR B, /N 26 B 2 PRI IS i 42, X
AIRE S 1A NF-kB ik LR, /N6 Rz 40 i i)

BRI R AN R D ERICAC,

FESRTEIREE T, I 40 A %) 348 5 V% 68 R A1, ¢ B
OB AR W Ki67 PCNA Fl PH3 (1) 335 37 3] g 40
il [7] s 200 6 J 39 98 75 437+ ( CCNA2 . CCND1, CDK1
1 CDK2) 7B A FUFH T, Ho 275K [T 40
il ( Chang Liver Cells, CCL-13) SZ 5645 St $ 7~ 41 iy
JEVI AR DB ) R (5] an £ it S 3I E  A T AT A2
A1 iEL JE 1A B 1 DR AR RS AR AR R B 6
(eyclin-dependent kinase 6,Cdk6) , i F I H o-HLE
FH 3 A B-WIShE AT, A iiE S 40 E 2L &
2, XELE I e H EREE S A0 AR 1 10 o 3
AT RESS 32 22 0 M JE 00 9 15 437 R 32 A0 A R 4R
FI I A G
1.5 NRERFHRERG

FERZS CATIE R R 5L & 2 B 3 T
TEPI Y 45 Fh B (R FE 7, 3X ] BE 2> 5 3060 2 D) RE R
15, DT ] B A K 52 25 2 SR e R A g, (R 6 F
LR AT B 2 A1 ] A AL T BT S W, ISR
SRR AT IR S 0 ] A%/ W A A Pk 2
J | R A0 20 I R 5 R 40 i [ AT G A i
o AE0E I B R AR TR, AR HILIAR S s fE
71,3 BB FRAZ AN R AR IC Y CD14 77 Mg AH ¢
ZARFIR TR, EL VAR TNFo 235 T I, K & W2 il
1 3R3K B, A SR80 240 P 240 e 3R 170 32 /K NKG2A %
NKG2D ik TR W 2R E MHC T 28531,
MHC 1T 264> T K CD86 43 T ik i b A5 12772
BRI A IR B IR R K RS
HERF] T Ik O 20 38 7 0, L AMIT R ©AT Y
HaPE D) RERR AT IA 1T B 5 W IR U E D S R i A o,
Wang %50 BiF 57 2 WA ZE S0 6 B/ R, ol Ao 4
T 58 41 M PR 7 A S A0 X A7 A8 TR AT T JRR e %) i 3
B PE I A T DI ZE AL, AT %2 i 1 JK
Y| O H I 2 E TR e 30 [ 3 5 41 o 0 A0 A p38
1 Erk/MAPK 38 % M i1 il 56 K S ie I
2 BRIKTIMESE MG RIBTR
BHENY LR PRt E
2.1 WEHWIETT

L A 2R A AT DL i Sk T | A 1 A N
4, Lin 601 & BLDUIR P FRIEA Rl
IV /0N 2 T 4 L SR A T T v el 2 T 4 B Y B
MR FIIEH K A ] RE RO MCGE R 1 S 8
S ) RCAZ A0 BB IR I #05, Zhai 250 2 LK
WNERZEHIA R B A 8 2 0 U8 NR2A/2B 19 3R
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ik, B R EARUL /N BRI B (R S 4R A ) I8 A T
(total superoxide dismutase, T-SOD ) 7% P I K T
MDA PARRACEE K- | 3k — 204 vy il o 1A ot 22
TC A WK, w5k /N Bl R £ PB4 O 48 i H:
HEITN

U BB AR 7 FH O 25 Wy 0 R G R B
TRA—EXNPUEM  insb s dE A R D S5 e
AR IER B 2K 5 U R kT 4 4 B R i kb
HAT R A A AHH A WU 2 B R SRR RN
ATH IR NI DG TE AR s TR B e 1 M 3R 32 1A
700 T LA T 20 VT (E ORI A R
AR TR B A R K S B RS &
TR, KA EEE AN R
2.2 HEHTE

JeifEAR B b E = e e A £E R AR, B
Ak R VB AR 2 AR A PR R PR B L A
HREBEEFHBMEM L EF UHEES,
M3E A8 52 T 8 B BR300 ] S AE PH 1 | e IC
LR LR 1R BLR g H TIs L AJs (9 3RA K
Bi7 1k b Bz B BEmi A | Tk — PR AP P ZEAIL 1 7T R
T AR 3 H Racl/Wave2/Arp3 & A2/ S 1 K 25 B
(focal adhesions, FAs) FIERY, 3B F 1% I 52 240 B it
M E R BB X — 1B ThRE AT G5 g i v Y
iz C A%,

fEgih 25 NS B2 (total ginsenosides, GST)
HAT PRAP 1 P 28 70T 52 /N BRUBE 4D 2% B 366 il Y
WAL, 3 PRS2 >0 SCACHE 5G4 ) Joit 2 7
PR AR R 2 Tt i | 4% TN 2 R I i 55 1) 3%
Wu 2500 R H GST 14 B 7K A 7= 4y 3K 3 Jot 2 4
( Dammarane sapogenins , DS) il i J#{f MAPK i % |
] PI3K-Akt-mTOR I8 5 , WA 55 i i1 25385 o 1)
IKAF- AT T R LR A I ] AR 25 R AT B
TIEFRR A B0 TN RE, Wang 5507
B SCT DS SRR 5T 1Y K BUAIARREAT
FUAFI DN BERR NG XA 1Bk, DS i 41 ) o Bl it
Tyt AChE 7k 7% ChAT ,SOD {7 14 v LA B 6410
ABREAT M AN R AT , DS Al /R R RATAESS T 1l
B AT ARAEAT AN R T TE 25

AR A KA FR 0 AR RS & 3, 38 W 5%
B S H2H R LA RS RS BB A DG TR bR, K %S
FROITE—ERE b, AT G2 il ) R B L IR
A, 0EO MBI REZE AL, WO NE DI RE, O — I
w245 ) 390 0o BT 335 7 1l R T Y ROS, $2 = 4T

ST PR B B R R R R ricie it

S o L R P D IR A A 1 e e e R
BORMAGS B 00 A 7 AL R T 7R Il R A5 3 Tz
o7 FH , PIVER DG4 5T 2R B A IR P 6 0T 43
X e R AR 1 R A K B Ze O D RERRAIR, 74
WREUT itk 5-HT B9 &, 0] k- 45 E
JREY X6 A IR S, i BE I A AU R S N A
LI T RE , %o 2k B RS YO0 1L 4 B RE 2K T A
B34
2.3 WESHF ™

IR 28 AT IR B 2 S B 18 7 T8 10 1k
ARSI A, O R/ U B R, A
F I AR G0, 23528 T P BCR I, Yim N
T E 2% 2545 B Nissle 1917 F=A: 520, fifi HoAE
T )T 7 AR AR B B R M UK B BE ), 33X R el
HARE L B AR PE SRR IE B G T 40 i 53 L)
1%, Wang A0TSR SV 25 A R AT LA H g i
TR AER VA AR B0, BEAT R0 i i ) 75 B X Dt
PR R R e TR G 8 S O ) A A, VSL#3 2 —Fi il 8
ol ) 2R 2 T L) e A i L R R R A
BL A2 J B 5, A0 toll #EAZ 4K (toll-like receptor,
TLR) B (AW RERR X FIRSRAE ) F nod FE3Z
£ ( nod-like receptor, NLR) Fig A ( G0 BEmE —AK) | ixX
BBy n] LR A T e KRS R 2R 50, AT
RIEVER . 5B DFIEIESE , £ AE T Y R 37 38 ]
DL bR B pl 22 1R AT PR ol 28 R I 1 R
ik, B 2T IO R R I T RER A
2.4 WERTT

Xu S5 % BT A 28 8 R ( repetitive
transcranial magnetic stimulation, rTMS) F T # ] 2
/N BT M I Glu I NR2B 9 % 2% 35 JF [ AR
GABA, & & MR Wi R W 67 ( glutamic acid
decarboxylase67,GAD67) I Sy ff) A A -2 3T
2 al 7.3 ( GABA type A receptor subunit alphal ,
GABAAR,,) B 21k, e Fe A FIRBEAN v-23E T R
RGN T, 2% N R0 P 8RR 3 A, A,
Yang % IESE (TMS 3 5 4 58 b 28 3 G b )5 AL
PA P-4 ) 3 7 0 Bl T DR Bl 20 A B

T ST A B, AR AR/ B b R AT E E
AR (120 Hz) RIHLIRIR Zh T3, ol A7 08 22 LA 22
AEARY . EWIMBEE RS ~ 90 Hz AEfiHR
SHREMSTE R ) PREE T (e JE B 40 M 3 4, X
SIEEA —E R E Y X B S A5 XL
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WRIR ST T #5 WLIN R GE X P OR P4 fit 17—
RS M SE IR BEA

2SR I T S B B R I Ak S
1) E i A BRSO E R JUHE 4 50 Hz 0.6
mT AT ik e B3% ( PEMFs ) 1] 5 11 2k K L 50%
B % i ( bone mineral density, BMD) A, 5 45 )
R RERKRE®E,

TR SN FE AT CATAT 55 s A p,
TRE  TAERS AR AL /N 2s [A) 45
PO RN, A 2 N XA 55 AT A A BRI
e, {EA 2 sz 07 A, 25 5 AT 55 2R I, A1 ot o BRI 25
XPTAUR B S B REE, bR TARPORE “ATH
FERASE AT O R0, B b\ o i 3 DA
Fh St Bt B S 4t S O B S A 4 2
Al TECRT I )R R R A AR AR S RI AR
Lol U B S R FL 5 K Hb Ll O PR O LR
It AE, A, B EA AR R LAR
it

AR T R0 | 38 sh B R B A SR
FEIT HIGoRA Sz 3B 7, i K 51 Rk O o B 7 is
MG, BEERMN 1% TR 0.3% ~ 0.5%,i#Eidi
SR A M R AT R B ER, S5,
Graham % 5T R WY, FE R LA 1F T, 3 2
Rews) i g N 2 S G KNI NS E < T o) K5 ¢ N i)
FLARCRAHLEIBLAE v A 58 2 i, IF H B — 12 3
B T S0P AR e IIiE R Z R 5NN E
45, 055 5 A RIS RIS

gE LR A 2GR AT R AR
R0 10 0y B 3 1 I, o AR AR AR IR /N BRI
HRORK R 28 AR 5 |0 IS D R FREAS: | S B A
T AR LR 2R G B i ke 38— 22 19 e A
75 S AH I ES 1) SR (AT — 2D R R 5T .

3 4iE

BRAPLR 28 20 858 5 1 A 7 A £ 9 S Hh X i 4
ARG DI ARG E LA R R RS R
FYEAFDT I, AL AR R A 0280 AL, (H i A
SEAIAf . TSR rh AT ERSSEREABLIE , T £
PRI, Bt sy 9c 56, W S5 sh Py kAT
A, R E H BN S g R B E
B3P A SIS LIRS 1R Y R, DR Ab 5 1 AR VL Y
Bl g BIL (R AE 2590367 J7 T, X T 25 A BB
TR ZE PR PR AT 5 I — 2, 2 A A RS

Uy R TR B — PR Tk . KRR LI LA
207 TR AURCTE A B B N L Y R
By, i — 2P R R R K2 RATAE 55 MR L&A~
FRGERFZMAIL ] LA SO R A8 7 4P R i, DA T FiE 8 4
Tr AR B R 53 N B2 4
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