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Abstract: Light is the most common environmental exposure to all organisms with long lasting effects.
Advanced brain functions including learning, memory and emotion and their related behaviors are

modulated by light exposure through various mechanisms. Most studies on the effects of light on learning.,

Wim B HEI: 2019-08-07; fEE HHA: 2019-09-15

TEE R TEFIR .5 .1993 4548 B 48 5T 7 [a] - 4 28 2 4 KRR DG 40 AR A 75 . E-mail : wangziy@ mail. uste.edu.cn

BWAESE . BEM P EBFEE AR KRS A R E A B R B U AR S0 S IE LA M E KR 0 N TR BRI
e ) B 4, o R S B M B 2 5 A B AR RUBBIET O R At R Rl S . M 4 Ak 2R 4
B A SR 2B ST AL I 5 i 2R AT MR BT T R R B R L Bl 4 IR B 8 2 48 7 Cell, Nature
Neuroscience, Nature Chemical Biology ,PNAS,Cell Reports %5 [¥ x| & 26 £ 5 55 — Ko il E #1863
TAEATE 2018 AE B p [ A A Bh % T R R, £t 20 E R BRI H ARG ZE A5 H 863 if
R H AR R LA H B = W E R E SRR A GRS P ER R B R SR L
TR KO 5. W ARBHE th AR QR SN A T7 AT B BRSBTS
WA E R E R R K E AR I L 2 K 5. E-mail: wxiong@ uste.edu.cn.




#

874 FEMAFHAKRFFR $ 49 %

memory and emotion have mainly focused on psychological and behavioral changes of volunteers and
patients. In addition, studies based on animal models have mostly concentrated on the cellular and
molecular mechanisms underlying how the brain function is affected by light exposure, including light
induced changes in neuronal metabolism, electrophysiological characteristics, proteomics and signaling
pathways, as well as the effects of light on neural circuits and neurotransmissions. The influence of light on
organisms is systematic and its biological consequences are manifold. However, the effect of light exposure
on the central nervous system is especially critical, as it is the most important controlling system of
organisms. In this review, the modulatory effects of light on learning, memory and emotion were

introduced, and the molecular, cellular and circuit mechanisms under this phenomenon were briefly

described.
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and emotion through visual systems''*)

ey UCA T LAz 3o i ik 5 B 2 A KMl it 25 40
L FERR 20 LN UCA il — 22 41 1 A 1 6 A 1
J 07 e 28 e A LA TR P 28 A0 L N B A S BR TE R
%G 32 Bl B2 J2 LA K i Sy 9 i 28 R A B+ 32 T 3
2JACAZAR O B i 9 Bl 28 BR B L DT 4 5 2l ) 19 32 3
2 e KL R R AL BE T (] 2).

HRIRAL

iz

2 BRBHHEBNREI ADIZTHMNHE
Fig.2 Mechanisms of improvement of learning and

memory ability after light exposure in mice'?’

2 XRSERENAT

Bk 152 Bl W) 1) 2 21 AL A RE T L Ot BROE RE X 1
2577 A O IR AR W e AR T O s O
SEP IR IR YT 1Y A TSI 8] RH O ST IE 52 L Ol B i
K5 IARIE ) & 5 A7 AE — R R IR, — UL T AN RF
Y TEAT I A8 T o H Ol RS s X AR AH G
Vo R 145 A5 i ok, ELREE H O BRI i ] 3
K MARER B A7 B 2 M 1Y T B Benedetti 25 (1

FEAR I 5 S ) IG IR AT 0 25 44 S 1 24 I O T 4
JEL AT AE A8 0 B IF 1) o oS0 ORI AR G AR PR O
HE R Ry — i AT R HOVA YT T B Kent 4507 [R] B 42
7k AT T MARAE 8936 Y7 UL S A H ' B 8 i 1]
B NHE FLAM AR AH O A9 37 73 45 R A W 3 0.
Lam 885 G085 T 475Gt BT 1 F 0 AB AH G % 9
Y5 A PR, .

6 B W B AN A2 5| & B3R 97 50 5 38 al fiE
SR N1 26 Knez S5 B0 5% 7R, O BE AT X
AR BN 2577 A 5L O HAF M) 22 e AR £
O RRIRE I 2 52 3 A B0 T 4T R L T B M2 R
0 BTET Y 28 ) T e B S I DG A RIS IR 5
Jiie Dy 68 » I BE % 20 0 IR B = BT Bmy M 1
g5 Killer 7V 438 . T 1F 38 5% /9 o' BE 5 B AT 5%
Wi A N B 17 2 o e B 5 Ol RS 2 1l 17
TET 7 28 35 0 AN [ 750 €0 1 O 3 B 6% 52 ) N\ D3 19 T A
A0 e T S L A ) L AR R 8
B I Bl L6 7R 2160 57 (8] H K o 38 0 7E 1 €8 5 ) v i
K BERAELL A s 18] I 35 B T B8 5 H B 4K A i
3, KUK EH I TAERE ) TR L0 5 W] B i

Fernandez % % B B8 TT 85038 /N B4 1% 24 0F
3 s I T 4 e L 2% > B8 T 3 X W 45 A 5 e AT
FE A I AR 40 52 0. O SO I 5 el 28 Y 4 i
(intrinsically photosensitive retinal ganglion cells,
ipRGCs) AT 5 i 2 W 28 X b #%, 7 5 5 X 2= 2] 1y i
9 Ak ipRGCs (45 538 AT Bl A% 2 e i 7. X J&] [
B (PHb) , fix 2 3] 35 5 1 4% A OC /9 /i 80 it i 2
(mPFC) iZ W58 R 7R 106 B 27 2] DL KN 2%
P A 2 IR BR AL 50 A DR AR, 2R MR AR e
N2 WG IR, RT3 2 1 R 33 g o 7 396 o, AH 5
I DX 1 A iy 5% sl g g L A e 5 L 3 B O R T
LASE 2o B 58 DA T 98 95 15 2. 0 ) S i g R Y
T8 S 1 A 2T A 78 /08 B BIORE /N BRU7E 3% 3l 301 0
M M S0 A 6 IR, B AR /N B 1 e B A5 4 0 L)
R EF S D S 84 o ) 00 A DG A AT S o TR] IR I 3 R B
P K-t 2 T s i F R R aE R B ipRGCs 2 5 T
ZIR R T AR L IE L ipRGCs 1] 48§ (5 5
FEmE M TSR A T EEEN RBAR
(melanopsin) A RE7E X — i #2 Hh & ¥ 7 /6 Y )
IR 5 P AAR A8 2 v A BT G A i EE 1 R R A
OPN4 f£7E 2 75 1 o 33k 26 55 35 A 4 2 0 100 58 A 1
TH.RVUBARITRSE T LHEANZWES
e

2



2
%
J‘i

876 FEMAFHAKRFFR

H 49 &

Ot RN I &5 1 52 it BT 38 G — S8 R e Y 0%
A5 't R A Aok o e R A 5 A S e 2 T T E R
Az A, DA 18] 42 b 2 5 05 2 R T T R A
A5 1R 1 O BRAZ Al m] FE B A 2R S B = R SRR
TR 0 22 7E 26 B2 A v 00 i DX R 3, 3k A 2 v
AR B R I ' JER) S BB 800 1Y) — RS R
PR 55 2 P AT A O A4 BIL T . BB R 3R Y T
ZAL s 2B e 0y JR I kAR i S ' IR T B2 ) AR R R Y
3 W T 295 PR IS 1) AR 85 JEC R T R0 Sl R %) e
PR 2E PRIt B AT RE 38 2o 5 e R R 2R Y 43 W T 4%
Z 5507 TEANAL R A REF O KR ik A
A AR AL Y B, O S IR S S AR T Y
A=) TR I e A — o R B 1Y) 2R L o B T R I 28 7 AR B
SO i 26 T B PEAAR. R RO IR T R T B
oA 8 2 P SIS A BRI G B R Y A T
LS TR A A T R
EEEANERRGT 25 1 U K TR 21Ty SR AR IR A
LI 2 1SS S A 1 T S S 2 (-3
(proopiomelanocortin, POMC), i J)5 POMC #% {k,
O E 4 M H B B 2 (melanocyte-stimulating
hormone). 7& Wi i 28 2 ¥, i& 47 1E U5 Hb — Fib
POMC i1 4=y » BV BP9 ME K L i ot £ 55 41 26 1
SRR AE B R g A i 1 TS B ) B i IR
AKCF T A 51 B 26 32 AR A S 0 R S
7B BE BT AR AT L R A 2R BE TS 5 R 2
L5 [ FsF B=PA) ME R R /0 BB AT AH DG AT O 27 RN T
SR 1O BEAT 52 e J2 ik 20 2 AR, OF 2 5 R
T AH AT A A

3 e

O R A A B i L Y B B R R DR R O IRX
A=W ORI 25 T A B BRI Bl A7 A T L 1 R
M) T 3R B X P 28 2R 458 1) 52 W)Y X i 8 &R 4
A5 M) 2 B 3% A X 5 o) AC AL L B 2 1 R T
Ol 2o A G A 28 3R L T 2 50 e S R AL DA K
% 28 AR O i DX 4 98 35 [R) IO BEORT 7E AN R 2 5
(NS R ST ROR AW IR 7 B A TR EE S R r ]
TRE » Pl i 2 3 Jo 1) 1O R o DT 72 2 455 KTl
518 S FR) 52 MR Ol RS o 22 R G T D RE A2 B
KA 2 1 ST A SR A BIL A L A DB e i i B 3 ed i
AR ' W T 9 5 1 28 2R e 1 8l 55 D RE 2 i A T
fE » VAT A LA 2 Mo SR A T 2 A SO
R 55 28 22 G0 0 A 3 R s B AR DG AF 5 6 77 AR TR I

AR W T 22 ) 9 5 AL T A DR i e BT A B S B
.

2 2% 3 #f (References)

[ 1] BEDROSIAN T A, NELSON R J. Timing of light
exposure affects mood and brain circuits [ J]. Transl
Psychiatr, 2017, 7. el017.

[2]ZHU H, WANG N, YAO L, et al. Moderate UV
exposure enhances learning and memory by promoting
a novel glutamate biosynthetic pathway in the brain[ J].
Cell, 2018, 173. 1716-1727.

[ 3] SOLER J E , ROBISON A J . NUNEZ A A, et al.
Light modulates hippocampal function and spatial
learning in a diurnal rodent species; A study using
male nile grass rat (Arvicanthis niloticus ) [ ] ].
Hippocampus. 2018, 28(3):189-200.

[ 4] FONKEN L K, KITSMILLER E, SMALE L, et al.
Dim nighttime light impairs cognition and provokes
depressive-like responses in a diurnal rodent[ J]. J Biol
Rhythms, 2012, 27(4) . 319-327.

[ 5 ] BEKINSCHTEIN P, CAMMAROTA M, IGAZ L. M,
et al. Persistence of long-term memory storage requires
a late protein synthesis-and BDNF-dependent phase in
the hippocampus[J]. Neuron, 2007, 53(2): 261-277.

[ 6 ] BEKINSCHTEIN P, CAMMAROTA M, KATCHE
C, et al. BDNF is essential to promote persistence of
long-term memory storage [ J ]. Proc Natl Acad Sci
USA, 2008, 105(7). 2711-2716.

[ 7] ENGERT F. BONHOEFFER T. Dendritic spine

changes associated with hippocampal long-term
synaptic plasticity [ J]. Nature, 1999, 399 (6731):
66-70.

[ 8 ] HUIBERTS L M, SMOLDERS K C H J. DE KORT
Y A W. Shining light on memory: Effects of bright
light on working memory performance[ J]. Behav Brain
Res, 2015, 294. 234-245.

[9]1B ARKMANN C, WESSOLOWSKI N,
SCHULTEMARKWORT M. Applicability and efficacy
of variable light in schools [ J]. Physiol Behav, 2012,
105(3) :621-627.

[10] HESCHONG L , WRIGHT R L , OKURA S.
Daylighting impacts on human performance in school
[J1. J lllum Eng Soc, 2002, 31(2):101-114.

[11] HESCHONG L, KNECHT C. Daylighting makes a
difference[J]. Educational Facility Planner, 2002, 37:

5-14.
[12] SHAN L L, GUO H, SONG N N, et al. Light
exposure  before  learning  improves  memory

consolidation at night [ J ]. Sci Rep, 2015, 5.



% 1144

RBEAZRZANEE AP RF I WA FEOTRER

877

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

15578-15587.

WHITLOCK J R, HEYNEN A J, SHULER M G, et
al. Learning induces long-term potentiation in the
hippocampus[ J]. Science, 2006, 313 1093-1097.
FERNANDEZ D C, FOGERSON P M, LAZZERINI
OSPRI L,
through distinct retina — brain pathways [ J ]. Cell,
2018, 175(1):71-84.€l8

BEECHER M E, EGGETT D, EREKSON D, et al.
Sunshine on my shoulders: Weather, pollution, and
emotional distress [ J]. J Affect Disord, 2016, 205:
234-238.

BENEDETTI F, COLOMBO C, BARBINI B, et al.
Morning sunlight reduces length of hospitalization in
bipolar depression[J]. J Affect Disord, 2001, 62(3):
221-223.

KENT S T, MCCLURE L A, CROSSON W L, et al.

Effect of sunlight exposure on cognitive function among

et al. Light affects mood and learning

depressed and  non-depressed  participants: A
REGARDS cross-sectional study[ J]. Environ Health,
2009, 8(1):34.

LAM R W, KRIPKE D F, GILLIN J C. Phototherapy
for depressive disorders: a review [ J ]. Can J
Psychiatry, 1989, 34(2):140-147.

K NEZ 1. Effects of indoor lighting on mood and
cognition[ J]. J Environ Psychol, 1995, 15(1):39-51.
ROT M A, BENKELFAT C, BOIVIN D B, et al.
Bright light exposure during acute tryptophan depletion
prevents a lowering of mood in mildly seasonal women
[J]. Eur Neuropsychopharmacol, 2008, 18(1): 14-23.
KULLER R, BALLAL S, LAIKE T, et al. The
impact of light and colour on psychological mood: A
cross—cultural study of indoor work environments[]].
Ergonomics, 2006, 49(14) :1496-1507.

KULLER R, MIKELLIDES B, JANSSENS ]. Color,
arousal,
experiments [ ] ]. Color Res Appl, 2010, 34 (2):
141-152.

VANDEWALLE G , HEBERT M, BEAULIEU C, et

and performance: A comparison of three

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

al. Abnormal hypothalamic response to light in
seasonal affective disorder[ J]. Biol Psychiatry, 2011,
70(10):954-961.

LEGATES T A ., ALTIMUS C M, WANG H, et al.
Aberrant light directly impairs mood and learning
through melanopsin-expressing neurons [ J ]. Nature,
2012, 491(7425) :594-598.

VANDEWALLE G, SCHWARTZ S, GRANDJEAN
D, et al. Spectral quality of light modulates emotional
brain responses in humans [ ]J]. Proc Natl Acad Sci
USA, 2010, 107(45):19549-19554.

ROECKLEIN K A, ROHAN K J, DUNCAN W C, et
al. A missense variant (P10L) of the melanopsin
(OPN4) gene in seasonal affective disorder[ J]. ] Affect
Disord, 2009, 114.279-285.

LINKOWSKI P, MENDLEWICZ J. LECLERCQ R,
et al. The 24-hour profile of adrenocorticotropin and
in major illness [ J]. J Clin
Endocrinol Metab, 1985, 61(3) :429-438.
SRINIVASAN V, SMITS M, SPENCE W, et al.
Melatonin in mood disorders [ J ]. World J Biol
Psychiatry, 2006, 7(3):138-151.

LEWY A J, SACK R L, SINGER C M. Treating

phase typed chronobiologic sleep mood disorders using

[T

cortisol depressive

appropriately timed bright artificial light
Psychopharmacol Bull, 1985, 21(3):368-372.

LEWY A J, SACK R L, SINGER C M, et al. Winter
depression and the phase-shift hypothesis for bright
light > s therapeutic effects; History, theory, and
experimental evidence[ J]. J Biol Rhythms, 1988, 3
(2):121-134.

SACK R, LEWY A, WHITE D M, et al. Morning vs
evening light treatment for winter depression; evidence
that the therapeutic effects of light are mediated by
circadian phase shifts[J]. Arch Gen Psychiatry, 1990,
47(4) .:343-351.

FELL G, ROBINSON K, MAO J, et al. Skin -
endorphin mediates addiction to UV light[J]. Cell,

2014, 157(7) :1527-1534.



