
0254-6124/2021/41(1)-145–13 Chin. J. Space Sci. ������

GUO Jinhu, GAN Xihui, MA Huan. Time in space: in the study of circadian rhythms under microgravity (in Chinese). Chin. J.

Space Sci., 2021, 41(1): 145-157. DOI:10.11728/cjss2021.01.145

���	
�: ��
����

	������
∗

��� ��� � �

(���������� �� 510006)

� � ���������������������������������. �����������
��	��������; ������, ����	�����������. �����Æ
������

��������	��, ���������	��

. �	����	���
��	��
�

���
����������, �
�����
�����, 
������������. ��, ����	��

����
�����. �����Æ, �������	���, ���
�

���

����

��
��

���	

�, 
���
��������. ����	�	���������
��
�, ��
��
�	��
��	��.

��� ����, ���, �	��, 	��, ���
� !"# R852

Time in Space: Advances in the Study of Circadian

Rhythms under Microgravity
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(School of Life Sciences, Sun Yat-sen University, Guangzhou 510006)

Abstract Circadian clocks, derived from long-term evolution, are endogenous mechanisms which

endow the organisms to adapt to the daily cycling environment on Earth. At the molecular level,

circadian clocks are controlled by a series of clock genes and other clock associated regulators. At the

tissue level, circadian systems are composed of master and peripheral clocks. Circadian clocks affect

physiology, cognition and behavior of almost all organisms, which dictate their adaptability to the

environment. Space environmental factors, e.g., microgravity, radiation, lighting condition and social

factors, dramatically differ from those on the Earth, which may lead to impacts on circadian rhythms.

Therefore, circadian clock needs to be considered in the study of space life sciences. Misalignment in

circadian rhythms leads to sleep disorder and affects the skeleton-muscular system, neural system,
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cardio-vascular system, endocrine system, and so on, and decreases the performance of astronauts.

Circadian clock will be a critical factor in future space life research and in study of astronaut health

and performance.

Key words Circadian rhythm, Circadian clock, Space environment, Microgravity, Habitability
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�����������������������
�, ���� �����!���". �����
�#$��%�������� ��, �����
������ [1−4]. �� ����������
�&������!�!,� ���������
��'�(��. ����$� ���!���
", ���� ��%�,  �%� ������
��� [5−9].

1���"!� �

���!���$�, 
�"#��"��"�
 ����$��, #�$��$%�%���!
� 24 h &�"��. �� ���)�*����
�� '��#��+��!�!,��,���(
-&�. �� �!.����), %���$!$
�#��!�*��&�/$ �#�!��  "
%� [8,10,11]. ��!�!&�), $�'��&0�
 ��'������, ��!��%&�#�$�
1�� � "��#���%�, �!� 24 h &
�"�� [12]. "#��"�23���$�$%�
�����(), "" �#�������#�,

�+����(4 (entrainment) &�+ (reset) [13].

�� %��5$#%%�#',)$�$�
&�-��. �' 1(a) () [14], �#*'&�$
#%%&*' *$#',)$, #',)$&*
''(), &�$�&� �+6*$�+����
����. �� �#',)$5. "7(�,
 "8(-�, )+!!#��),�#',)$
��� *$!, �!�-/#1", -#',
)$� ��!%-"�* [15]. !�� '�+
&�9�), . "7(*.$, "7(�'&
��, '&"�+, �+������ .", �,

 "7(. �� ."�/�!:!. "7(�
%"$%��, �� *$,0%", #�#1�+
,. 0�� ."+,$+1+&�, �. "7
(�:!$).$, . "7(;�/*.$��
 *$�'&��, --/+#%" 2<, ,�%
"–2<+&�,/$&�, ���� ,)$�*
% "�! [16]. !�!&�0), �� %�
�
�/,/$��,")23(�+/,/$����
3��, 5 CLOCK, BMAL1, PER, CRY -� [17].

BMAL1."� CLOCK ."&� bHLH-PAS *,
=0�3. , &�"$% per � cry �%", "2
<�� PER � CRY ."0�3. ,  #$&#
 BMAL1 � CLOCK *., :!"%"%", PER

� CRY .",0%"'--+,, 0+,$+1�
",� BMAL1� CLOCK�:!$).(, BMAL1

� CLOCK ;�/*.$ per � cry �'&��$
%.%�%", 0�+/1'�&�. (�, 5 RRE

(REV Response Element, RRE) (/(� Bmal1 %
"+&�,/$��� 3��(0 ", 4)&�
� %��#1" [17,18]. (�, �1> 2/�%
"�) "�2<)2/?#) �� *$��
+ �, 0��*+� �3'.

���!#-5�$2�$&(#�!�� 
*$, $(#�'4)��� %�. ! ���
!&�),"!���)@*,$).++*�00
-�# (Suprachiasmatic Nuclei, SCN), $�!-5
+&�4  -5�����, ��3�� (Mas-

ter Clock), �"A��&-5�$2)��� �
��&�� (Peripheral Clock). 3�� ��&
�� 3#-��� *1%�. !�� �*1
%�), "*'503+�*� ipRGC $&�03
+–++*1 *6 SCN, 5 SCN )�� $&2
5,�*7,  �$%+6$,�%", 2�4*$
%�� *$�%". � SCN -5)�3$&#
� γ–.*64 (Gamma-aminobutyric Acid, GABA)

�,�7, ,�7$&�--"7 SCN -5��#
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��,8�/0 SCN,�7&�&+'0��GABA

�,�*7�$� ��95 �+6-5�$2
���,1�/0$�&�&+'0� (Vasopressin,

VP)�GABA  �+6-5�$2���, "7'/
� ��� �#��(�,. (�, -5����
 $��!#��,#+-5)$&���$�?!
#�, �' 1(b) () [18−22].

%������$�
�> $����$�
���$��.�. ")> $����� *$
&*$�+� ", �� (4*$�6�$��
4*!�()7/&B28.9�33. ��$�
����:��5�����'%�, �� !!#
0.:���()��!��,!8/��)���
,;�41 [23]. ��$���"#��"���9

(����%���.����&#Æ����;�
62, �����&#Æ�(<87��"33�'
&+33�=0<64'�:7�3- [24,25]. ! 
���), ���;<(�1�����?���
��!���!480�%� [26].

2���"5=96=C8

�� ! "���,"9�>:>�($).

�� ?D��!���������+&���
7 24 h &����. �1��  �#��#��
���,��� !. �;4.@ 24 h &����
(, ����,��8�41, %��������
E [10]. � ��F,�;�1"��  �#��

> 1 ����2

. (a) ������5�2��. (b) 65A�����79


Fig. 1 Regulation system of circadian clock. (a) Underlying mechanisms of circadian rhythm.

(b) Hierarchical organisation of the mammalian circadian system
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��!#�, �4>��93���33�4G�+
��6<?8�=0>�<64'�H�:?, 76
%�@5 [27,28].

$8#6A�"#�=90B9��&�
� 24 h, -!�� I:), '���1+�@ 24 h

&����&�9(, ��"#��"�, �� T

9� (T -cycle). !+1B;�, T 9��>(4�
� , %��� �&��()�, �,�0$��
5�,  (4+<�C�$�&�B;��(4B
; (Entrainment Range). �1"��� �>#
�0��(4, �!� �1��&�+<�67,

0������3, (Resonance). �:�(4B
;,����$��!�$J� (Free-Run)[11]. !#
����'!#�(4B;, !K�<�C;89
9), 9�25���!"# =9@<� 3 h:3 h

(Light: Dark=3h:3h, LD 3 h:3 h) $ 14 h:14 h (Light:

Dark=14h:14 h, LD 14h:14 h) �9(+#� �#
��+<, �9:;D! T > 25 h ���&�(, %
&����!$J� [29,30].

'4�� ����,"�$)&='<�I
:>=: +��<;�'����6��<���
 �#!.= 24 h (-&���+��,"; >
+��!@ 24 h ��&�+'=���,"��
�67 [20−34]. ��, #.�Casein kinase 1 *$
6� (tau) ?D�' 22 h �&�, !�>�, LD

14h:10 h &�, �5&�<@.?DD [31]. SCN :
$�??D!K���%�?-/+� [32]. �<A
�EL?�@, 0ÆB�;A=��1�� &� 
�#��&�>7�,����!�;@���<A
�� [33,34].

3�?@96M>��AB

!���5B?I:),!<��! �@/8
N�����5O=��,�P AAI:BC&A
C3C. ���.��+���$�# ��67
�!-/�". ! �����$�), ����"
9&��4��������$�D$�C>&�>
�������%�. ! �����$�), ��
�����%�I:-Æ(�;�, D/N�E),

!E;����!D9(+,+�E5������
>�5�, -")�'��!>'E?#I:.

3.1 :;<=>?@ABÆCDEFG
%��F$&��$-��!&�,#D#).

@E��������������� (
�&��
,;�()�) �%� [35−38]. Mergenhagen �BG
&������FFQB"HF���%�,  ��
EL �'=�<, &�G'>�@-��, !��
EEL)K�<QB� s-QB"HF&��,;-
/3- [35]. Sulzman � [36] >!!��E���
C;89925@"9�����7EG, &�'(
B�, ,;416R��#� 1/4, 7)�� ��
$��$���9(�%�. ! 1983 0F-�S
F'��AB (COSMOS1514) AC), �<GC"
HIJ����� �&G�,*;>!HIJ��
��B���,;41,&D'����,;'(+
�.(�,HIJ�%&��&�?>�&5�, CH
& 24 h [37].

!��EL��), Hoban � [38] I)DJH
D (Trigonoscelis gigas) !"#�=9��(, !!
#���:�+, >!"%&���#>�-/5
�. !�D"#9(+ (Constant Light, LL), ��
�:�+HD�%&&�@-< 1g.=��:�+
�D, �E()'(7/. !�D=99(+ (Con-

stant Dark, DD),! 1g�.=��9(+, HD�%
&&�R� 24 h, 'E3(!�E�EF%&. �!
���:�+, G8%&&�>� 24 h, "A#'%
&I", E-F�%&?'(4' (J' 2a), ��3
C�@��� "#9(#��HD�%&���
�%� [38,39]. COSMOS2044� 2229 I�AC?>
!, HIJ�*0 �,;+�, ()>�-/5�,

'�,;?-/+� (J' 2b) [40]. (�, !��1
14' (1g, 1.25g, 1.5g, 2g)�9(+,�D����
�>�-/��, �!� ��%&+&-/+�,

,;-/41, 8);KKK3,  ��%&JH�
(�)+>�@-5�,7)����5��>%�
���� (J' 2c) [41]. ��*;�@, �����
���9($�5������,;�&��)3,

'$(<���(#�� [38−41]. !,;���),

���$�(<+����,;3-, ?$�(<+
����,;+�.

Fujita � [42] >!, ����%�GD!#-5
$2)*$��++&,#�L�(<�� *$�
�+ �&-5�!#�. Guéguinou � [43] >!,



%&'(: ��)*+�: ,-.(/01*234567 149

> 2 ��������
�. (a) KF�	�� (μg)�1g ���
�GH	� (LL) �GHMH (DD) �N�
�
�OA��. (b) �>�PQR�SK������FIHI�����, �>�PQR�SK������

�L�����. (c) �I� 4 
MG���
�HIHI�����
Fig. 2 Effects of microgravity on circadian rhythms. (a) Actograms of tenebrionid beetle under combination

condition of microgravity (μg) or normal gravity (1g) and constant light or constant dark. (b) Average waveforms for

brains temperature (upper) and the smoothed heart rate (down) from an individual monkey. (c) Core body

temperature of rat under four different simulated gravity

&�-.������93$�(<I@N6HJ
 $%&�) C3 ."+&�+�. )T,I 9 'I
K�LPELE),G8G'L�$;T%& ��
 *$�+'@-��,-���  "*$��+
J%>�&@-�5� [44].

Chen � [45] I:>!, ������>&�5
� BMAL1/miR-103/CaV1.2 *'&�, %��D
*&+KJ". Fukazawa � Chowdhury � [46,47]

>!, �����$�7-KL (cis-diamminedi-

chloroplatinum, CDDP) � p53 *'&��$%$
),  �(<$&M7$� caspase-3 �++&7
-, 'L$&�M7��, �4G$&)� MAP $
,�p38 � p53 �O4�+&-/7-, (< T $
&4G��>�5�. Lü � [48] >!, 4.E;(
�9(+�GD, BMAL1 �()�5/LU 4 h, ,
;! ZT2-ZT6-/+�, (� NIH-3T3 $& Bmal1

J)&�-/B�. ��I:*;�@, ����$
�(<�� *$��+����!5�,  �%�
� �����. -�, ���%������'�
��� "3'>'E%�I: [26].

3.2 IJKLMN=>OPQAB�RSETU
3.2.1 IJMNVOPQABÆ=>

�#�����$�(<AAV���93�
!�?8,  �%�MN (J. !��E), �
�$8$����$�#�%�AAV���. �
�, AA$M��"#9( ���!-/�", M
� 90min &��M�MP�M�#@)"�!K#
$��62AAV���. !L���AC�, $K
!"!U1E6>AC�, $��(<��  !
�–OL&�!#�, �!!�?8&(J+� [49].

� �(-��3C�MF&=��$��AC�
!�–OLV�������9(�M!, $(C
$ 1967 0�N�WAAAC, NO+�AAV��
��� �I: [49], P), !W��!DI�)�
E5��&AAV�������+&��� �
&3COF�'= [35,50−52]. �QI:�@, ���
.���(<AAV��93 !�?8,  �%�
 XY%��,�%��'&+%���'��%�
�.=��, +� �PO"�NM�$W�� [8,53]

(J� 1).
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X 1 YZ[\]^_`abcdefghijklmnop
Table 1 Overview of studies on circadian rhythm and sleep during space missions

�SON PN PQRO ����
� PQ

�	RXS 1976 O
	�> K��PQQQ	�Y�, STZA	�UZ [54]

��K�
(STS-9)

1985 R[�RR �SK��	, R[�RR�RN�S [55]

��K�
(STS-65,

STS-78)

1992 PAWS (�V���PX),

TSSU�	\TT
�OUTTSU���U[W����� [56]

8 �K�ON 1993 O
	�>, RV, ]�HI 	�X	�S, WXT��, ]�HIYQ
2∼3 h

[57]

��^�	P
(MIR)

1997 O
	�>, ]�HI ]�HI�SYQ 2 h; 	�X	YU, P
�
REM YU, 	�Y_`�

[58]

��^�	P
(MIR)

1998 AGARD-STRES (GRT, MST,

UTT) ON�QV��V�, W
T��qWaTT

WTWbZX, �RS���c��� [59]

��K�
(STS-78)

1998 O
	�>, ]�HI, WXTP
X

δ RUTZY, 	�X	ZY; HI[SURA;

WXTXK�V�WV��S
[51]

��^�	P
(MIR)

2000 FY> VR	�UTZY, ZWX	X\ [60]

��^�	P
(MIR)

2000 O
	�> 	�[Z�YU, VR	��K�]�dY� [61]

��^�	P
(MIR)

2005 O
	�> K�\VR	�X[ZY, STZA	�UT
�S; K��	, VR	�ZY, STZA	�
UTUZ

[62]

��K�
(STS-90,

STS-95)

2001 O
	�>, OAUW\, ]�
HI, R]YM����[��,

	\	�YX, VT, KSS

VR	�ZY, 	\	�YX�S; ]�HI�
�Z[�S; R]��[���	�qZMÆ
	\T; 
����S

[63]

��^�	P
(MIR)

2001 Y]IT, WXT � 110∼122 ��	�, Y]HI�WXT�
Z[UT�S�
�]�R^

[64]

��K�
(STS-89)

2005 _[\^\ePX, _[`U
PX

_[\^aePX���S, _[`UV�T
T�S

[65]

Z[^KV,

f^�	P
2007 �Y> g[����L���S, O	��g[��



`�
[66]

^�KV, f^
�	P (ISS)

2014 \WOA�^] ]��SK�d	�X	X�SK�\��S
K�XUTX\

[67]

f^�	P 2015 �Y> ���H��, 2 ��LUT_Z, 3 ��L
�S

[68]

f^�	P 2016 OAUW\ 	�X��	�YX�S, HI���	��
�	\T

[69]

f^�	P
(ISS)

2019 FY> ZWX� θ RUTX\ [70]

�^b^
(Shenzhou-10)

2015

2017

2020

OAUW\, RV, �L, PVT 	�X	ZY, 	�YX�S; �L�S, ��
XWUc�X	��	h\U; K�\dWX
T]�`�; `i_A���a]

[71–73]
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#' ��'��/`  �!���</=
)�Y, $/`�!������� [74]. I:>
!AAV ����PO"���()<����
+�B2 2∼3 h, -,;G'@-�� [66]. Gundel

� [58]�+]!�&'_^& 438A�AAV �&
��� �G�, >!" �+C�!�����,

-()>�&5�. >+^I:-), !��E) 2

]AAV ����()�,;#>�&5�, ()
�!B2, �,;-/+�. Dijk � [63] � 5 ]AA
V����NM����� �&'=, >! ��
�!#, !����(, AAV� �Z0�!�;
��_[:Z&,  ����,;+�. 5.AAA
C6+�AAV 3'M, �!/ �", '@6+
I�AC�!#, $��(<I:*;!+<, -�
�I:>87)�����%� ���.

������$���AAV�'�;�%�.

Yamamoto � [68] '=& 2009−2010 0 7 ]AA
VI�/)�'���, >!AAV&D'�!%
��^K��/<&2�, !^K��)'(j�.

Liu � [72] >!, 3 ]AAV�'��,;!I��
�)-/+�, I�)2��2G'�H4-, 'E
()>�+15�,-5./ 3�<_��Æ-/
". ��I:=I)d�_\ELE;(�J,, I
:*; ���9(+�I:*;-"+< [53,75].

Liang � [53] I)d�_\ELE;��9(, ?>
!'�!_\--)2�H-/+�,(<���,
;++. !_\`:)P>���B�, 2�H�
2GHD'(�3, �,;��'!@-. !_\*
1), '����,;3-, �2�H�2GH?@
-3-,_\--)'�b`6AF�--++��
�-/7/, (<'����()>�5�. '��
��5�aa>'&+���$%�, `TTaAA
b (National Aeronautics and Space Administration,

NASA)I:b_�#aN&eAAV�'�G�>
!, L�!DAC�AAV'�?-/++, �!'
`&Q4'�'�!c�:?,'`�*,���>
�5� [9].

$&#' ��'��, $�'����+&
�������$��������$��%�.

Leach � [55] '=& STS-9 I�AC/) 2 ]AA
V�d Ca2+, K+ ��U]�����, >! Ca2+

�JH! 2 ]AAV)>�&5�, K+ �JH! 1

]AAV)>�&5�, �U]G'��. NASA !
RkbAA)'E;�����>!, )+�- V
�!�G'@-5�,-c=��()%!I�)B
2& 2∼3 h[76]. Liang � Wan � [53,77] &�d�_
\EL?>!, !_\��) K+ �����-/4
1,� Ca2+ � P7������!_\���_\
)#�7!�_\/@-,$�f+&!_\)��
*1)-/3-, c=�+&!_\>7 45 A�-
�?-/3-. Ca2+ � P7����5�$� �
��9(+�X7gf'4.

3.2.2 OPQÆRSrstuIJMN�v?wx
24 h !�–OL&��+��#�%c��:

�, �'!��<–@bLd&!� (NREM) �b
Ld&!� (REM) <�!#�!�`: [78].  
�� NREM !�$ +�l'� 4 /!#`:,

I � (S1)�II � (S2)�III � (S3) � IV � (S4). �Q
3C�@,AAV!����)!����!�*,
#�>��"!#�5�,4*!�?8 [13,50,74,79].

!AAI���, �R 30% �AAVd(caa�
e!^a!� [80−82]. !����), 4*!�?8
�$�!�, ��93�")+/�(8$.

Monk � [64] � 4 ]AAV!�67I:>!,

AAV�#' ��dfc=��$�f+&!'
/I�AC��)G'>�@-��, -&D!��
� (6.1 h·d−1)<I�/ (6.5 h·d−1)4<,�-F&D
!���<. 5 h, ('AAV�PO"%I�b�
$F�e0+�, e���?-/+�. +^c� 44

+AAI�AC) 239 ]AAV!���+ 3∼17d

)�!�67� _3C�@,��AAV&D!�
��� 6.19h. !����AC),' 28+�L�@
#ÆAC, >� 16 +�L�#ÆAC, !�<�!
#�<AC), AAV�&D!���'`� 6.23 h

� 6.13h, (<AAV�!fc�$WJ�+��6
7 [83]. c�)TAAV�!DI:?�@, AAV
!L���AC���!!���4<�:? [79].

b:h�&'��E (MIR) 4 ]AAV6A�
!�<!���<R 2 h,'E!�7Q!-, !�*
,'(5� [58]. �(!�G�>!, !����)
bLd&!�, KZ!�D'4<, +�&!�J�
�31!�7Q [50,51,64]. !D����!�!K$
�(<!�d�BC,?�'d�AAV$W���
%�,$!�!K�;��im! �im)(e<
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Fig. 3 Environmental factors affect rhythms of human and other organisms
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