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Fig. 1 Effects of simulated microgravity on surface morphology of tissue blocks under brightfield microscope
(scale bar: 100 um for 10x; scale bar: 50 um for 20x)
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Fig. 2 Effects of simulated microgravity on surface morphology of tissue blocks under phase contrast microscope
(scale bar: 100 um for 10x; scale bar: 50 um for 20x)
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Fig. 3 Effects of simulated microgravity on internal morphology of tissue blocks using HE staining
(scale bar: 50 um for 20x; scale bar: 20 um for 40X%)
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Fig. 4 Effects of simulated microgravity on apoptosis of primary cells

3 tig

M HE B 551 , 2PN AR o A 2B T A2k,
XA SR PIFIAE A, 1) INHRA A A& 2E T iR, A I s
22 11 28 i BT 240 PR A RS FULAR R ) B SRS 1o 2 2R e o B
HAYSINEITFE ;2) WERAIA A 1 PR T, RIS 2 i 1 o 4
MO AEAS AR T S A T An Mg T, #ofl i 2k A e K
b

H I, 1A — 5 TR ) sl B S 2k X At LT
S BFFE Y, HA | Espinosa—Jeffrey 5% #1,24 .48 .72 h
PR Ty AR 2x 5 R D R e B AN i 0 i A% e o,
A IR AE S FS B ER E FS I 1 K I R A TR 1 A0 i
%, H 5T RZAAALE , 280 2% o Mitsuhara 5" 7E-H- Bl 5L T 40

L G AR SR RN, W X VN o Ay U G2 i
SESA L 1) P BE SR IE RS o R HCHEINT, 220 1 d AORELLfL
) HAYGA AT (E () (d) B2 E 2(e) ((d)), B
J A AL (P 3 (e) L (d) ) nT RS ph TASAUL R ) 5 RS A 240
JRLEAZ O ZE R, , e B A B % e Al ) A i A 5
T BRA AR LUAT AR 2 Ak o st 1, T o BRZH 20 4Ly
HE e @ 40 o e 2, s R A MU SO A 1, oh e 2
BAE oA LHAUB i 2R B | 5 B HL 20w (181 1181 2 [ &1 3
(a) (b)) £ 1 d WYBLULRLE Ty, 41U TR Y 20 Al T3
G AT R A LB SN A S e, SRR
FRAL A 2 2 T RSB AR LU I G A
SEHE TEIY B 22 B B T LR B A UBRID S8

81 Il



RS 2016,34(5)

SCIENCE & TECHNOLOGY REVIEW

SR A ML IR T A 25 H 7R 5% 1 d I A Al D A 4 i
A B R TR, AR BN ) 2 S S RN
RS A e A A B R A R M R T, T LA 2
FERPEAE o X IR G R AL W5 B, ZH 2 5 A ) 400 LA
JEHERATEL 22 T4 & R TR . (B HE JL )
SRR R ZHZ e T I A B ASCRS I 8 1 ) S B AR A D
R0, =2 BARH A [R]— I X, 40 B 4 BOAH ] H i T 55 5%
T AR, A5 A A A 25 R RS2 X AR
T8 TR B 1 200 LB T A SRR AR AN IS T b AT
Tt A AR 5 4 SRl ] e it o 2 VR AT T AR, O T
ARATIIE , 30 At S0 B AT B, D 5 A I [ 1) T AR R 7%
WS B RAT , Gt — 0, 2336 S 240 i 200 1A I 6% e P 7t
22 FRANEH AT ORI JA T3R  1 1 , de A S e R
ANUER o T LA, A S0 I 2R SR B 2R % U X A B A SR I
TR A 200 A P i e L (SR R 22 E T, A AR 2 F 58 R
FA AL ) 25 B 2 AN T34, Benotmane S
FERIL, 1 h .24 hH10 d BBV S 26 0F 1 il id S e st
AR LER 5| Je 730 28 70 I 28 1 240 L 0 T 2 3™, Mz
AR SR FH 8 U A B ASCRG I J  , SIE N G v
JEACHR AL, T LA R T SR G KA I T B AN [R] L 7T g
e ENE SR e

A FE AR ALL G ) PR SR Y SM=31 XU 8K Sl HE 42
A AR AL T AR R T I 85 AN 5% o)y, (45 [
FETE NG g LA i A2 3 19 8 ) Ok 12 ARG 5 Ta) N A8 4k
7 AR I RIS DA 2 T SR AN ROk i g s iz, 3
AL AL T2 (B PRSP B T, Pl LARBORR A RS ULl e
BN AR SCR F A SM=31 XU SR Sl AE 42 01 4% 28 N I
A NG HEZR , 22 A STE % 1 1l BEAILARSE U, T DUA &4
B T80, A BT A5 R, R IT7E SM-31 [l 5%
i T BT PR b AR A K R KT i, 5 s ()
SEHGAER—F, R IZ A1 2% T LA R AL T

H AR LS HIE H (0 R 2 40 S0 WL S A I 25
A, 1 d BB R s e kA LT R , Bl 4
U S NEBIE A & AR AR ARG 20 I 8 TR A o s
R AL I ALALL . ) R A AT R iR 75— F A G
LT A% 1 JE PR K S KRR, O HE T R BUH A
T B i 41 2 Py R AR B E T 1 L, 41 Western Bloting 5%,
tunnel B {4557k

4 4ig

3 3o T L B D BP0 M e 2 4 e A T RSAD fok  g o
W, DA 252 L T 2 A0 M ARG 45 T B, e R 1 d B
USRS 2 T B SN R AN R A 1T RS, 2H S P
Je BT 25 % A A Al T A A0 i (9 8 T R T 0 2 S i
VAW 1 d AR 7 T2 B M T S C A P T A5 A1
PEHSER H 1 d AR R D O R 2 B i T J5

AR IR T,

% 3L ik (References)

[1] Ulanova A, Gritsyna Y, Vikhlyantsev I, et al. Isoform composition and
gene expression of thick and thin filament proteins in striated muscles
of mice after 30— day space flight[J]. Biomed Resarch International,
2015, 2015: 104735.

[2] Kouhnavard M, Nasli E E, Montazeri M, et al. Effects of Vitamin D and
Calcium supplementation on micro— architectural and densitometric
changes of rat femur in a microgravity simulator model[J]. Iranian Red
Crescent Medical Journal, 2014, 16(6): e18026.

[3] Cogoli A. The effect of hypogravity and hypergravity on cells of the im-
mune system[]J]. Journal of Leukocyte Biology, 1993, 54(3): 259-268.

[4] Rykova M P. Immune system in Russian cosmonauts after orbital space
flights[J]. Fiziol Cheloveka, 2013, 39(5): 126-136.

[5] Zhang B, Cory E, Bhattacharya R, et al. Fifteen days of microgravity
causes growth in calvaria of mice[J]. Bone, 2013, 56(2): 290-295.

[6] Newberg A B. Changes in the central nervous system and their clinical
correlates during long—term spaceflight[J]. Aviation, Space, and Environ-
mental Medicine, 1994, 65(6): 562-572.

(7] 3K, 56, whok s, 45 RN 2 KRS ()45 i T4

NMDA SZ R FRIK M AEAL ] A B4R, 2006, 58(5): 442-448.
Zhang Li, Yu Wei, Han Taizhen, et al. Changes of NMDA receptor ex-
pression in rat hippocampal formation after establishment of spatial
memory by different training modes[J]. Acta Physiologica Sinica, 2006,
58(5): 442-448.

[8] Sun X Q, Xu Z P, Zhang S, et al. Simulated weightlessness aggravates
hypergravity—induced impairment of learning and memory and neuronal
apoptosis in rats|]]. Behavioural Brain Research, 2009, 199(2): 197-
202.

[9] Santucci D, Kawano F, Ohira T, et al. Evaluation of gene, protein and
neurotrophin expression in the brain of mice exposed to space environ-
ment for 91 days[J]. PLoS One, 2012, 7(7): e40112.

[10] Wiz, Manis, 20 48, 25, BB 1800 T R BUAS [m) R A ik 20

LU AL AR B2, 2009, 61(2): 108-114.

Chen Hailong, Qu Lina, Li Qide, et al. Simulated microgravity— in-
duced oxidative stress in different areas of rat brain[J]. Acta Physiolog-
ica Sinica, 2009, 61(2): 108-114.

[11] Ranjan A, Behari J, Mallick B N. Cytomorphometric changes in hippo-
campal CAl neurons exposed to simulated microgravity using rats as
model[J]. Frontiers in Neurology, 2014, 5: 77.

[12] Sarkar P, Sarkar S, Ramesh V, et al. Proteomic analysis of mice hippo-
campus in simulated microgravity environment[J]. Journal of Proteome
Research, 2006, 5(3): 548-553.

[13] Espinosa—Jeffrey A, Pacz P M, Cheli V T, et al. Impact of simulated
microgravity on oligodendrocyte development: implications for central
nervous system repair{J]. PLoS One, 2013, 8(12): ¢76963.

[14] Mitsuhara T, Takeda M, Yamaguchi S, et al. Simulated microgravity fa-
cilitates cell migration and neuroprotection after bone marrow stromal
cell transplantation in spinal cord injury[J]. Stem Cell Research &
Therapy, 2013, 4(2): 35.

[15] Pani G, Samari N, Quintens R, et al. Morphological and physiological
changes in mature in vitro neuronal networks towards exposure to
short—, middle= or long—term simulated microgravity[J]. PLoS One,

2013, 8(9): e73857.



R 5H72016,34(5) f&

SCIENCE & TECHNOLOGY REVIEW

[16] k. HE4DL G 32800 1 B il 7] e i A S S OIS [D). R 3E: R [17) LK, 24T, T, S5, JLAWEI R ML 5], LR B2 G By T

FEMEER R, 2011. F2, 2008, 21(4) : 368-371.

Chen Xi. Studies on the speed setting of uniaxial clinostat simulating Jiang Yuanda, Li Weining, Wang Lufeng, et al. Several new type of
the effects of microgravity[D]. Dalian: Dalian Maritime University, clinostats[J]. Space Medicine& Medical Engineering, 2008, 21(4): 368—
2011. 371.

Effects of short—term simulated microgravity on hippocampal tissue
blocks and primary cells of neonatal SD rats

ZENG Fan, WANG Fuli, WANG Xianghan, WANG Demei, GAO Haijun, DENG Yulin, QING Hong

School of Life Science, Beijing Institute of Technology, Beijing 100081, China

Abstract Microgravity is one of the crucial factors in space that impact the healthy and work efficiency of astronauts. Therefore extensive
research on the effects of microgravity or simulated microgravity on both human and animals has been carried out. The present study
investigates whether simulated microgravity could influence the morphology and apoptosis of hippocampal tissue blocks and primary cells.
Tissue blocks and primary cells are obtained from fresh hippocampus of neonatal SD rats. After being cultured for 7 days at 37°C, 95% of
humidity and 5% CO2, cultures are randomly divided into a control group and a simulated microgravity group. The microgravity group is
exposed to clinostat for one day and the control group is cultured on the same horizontal line of the clinostat. Then, microscope and HE
staining are used to observe the surface morphology and internal morphology. In addition, apoptosis is measured by flow cytometry. As
shown in the results, after treatment with 1-day simulated microgravity, the edge of tissue blocks becomes thinner and the cells within
tissue blocks distribute in disorder, as compared to the control group. But apoptosis of primary cells show no difference between the
simulated microgravity group and the control group. It is indicated that there is significant morphological difference of tissue blocks between
the two groups after short—term simulated microgravity. However, apoptosis of primary cells seems not being affected by short—term
simulated microgravity at all.
Keywords simulated microgravity; hippocampus; morphology; apoptosis
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