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[ Abstract]  Objective To study the effects of different color light stimulus, duration of stimulus and day/night
training on the incentive conditioned reflex of rats, and to provide a data basis for the methodology of incentive conditional
reflection experiments. Methods Three experiments were included in this study. During the experiment 1, a total of 30

male 8-week-old Wistar rats were divided into three groups: red light stimulation group, yellow light stimulation group and
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blue light stimulation group. During the experiment 2, a total of 32 male 8-week-old Wistar rats were divided into three
groups: the group I (with a light stimulation duration of 10 s), the group II (with a light stimulation duration of 30 s)
and the group IIT (with a light stimulation duration of 60 s). During the experiment 3, a total of 16 male 8-week-old Wistar
rats were randomly divided into two groups, of which the first group was trained at 9:00 a. m. every day, and the second
group was trained at 21:00 every day. All the laboratory animals were given reward conditioned reflex training, and
indicators such as the number of correct nose pokes, the number of incorrect nose pokes, the ratio of correct nose pokes and
so on were counted and calculated. Results During the experiment 1, there was no significant difference in the numbers
of correct nose pokes and incorrect nose pokes, movement distances and average speeds of the rats among the three groups.
During the experiment 2, compared with the group with a light duration of 10 s, the rats in the groups with a light duration
of 30 s or 60 s had a higher number of correct nose pokes (P < 0.05). Moreover, on the 13th and 14th days, the ratio of
correct nose pokes of the group with a light duration of 30 s was significantly higher than that of the group with a light
duration of 10 s (P < 0.001). During the experiment 3, there were no significant differences in the number of correct nose
pokes and the nose poke accuracy of the rats between the two groups. Conclusions In the reward conditioned reflex test,
red, yellow and blue light stimuli have similar reward prediction effect. When stimulated with the same light, the time of
stimulation has an impact on the learning ability of the rats, and an appropriate extension of stimulation is beneficial to the

formation of conditioned reflex in them. The day/night training has no effect on the learning and memory ability of the rats.
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Fig.1 Operational process of the reward conditioned reflex experiment
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Fig.2 Effects of light stimulation with three different color on the reward conditioned reflex of Wistar rats



12

2018 4E3 HE528 #4553 ] Chin J Comp Med, March 2018, Vol. 28. No. 3

—— Z6H ¥4 Red stimulus
= EGHIE Yellow stimulus

A -+ WL Blue stimulus

CUEER LS5

60001 4

@ _ 31

- =3

= 3 4000 {'W{ £ 3

8§ 2 8

E 20001 g 2

ﬂjg H‘<1-
01 2 3 4 5 6 7 8 203 4 5 6 7 8

é&ﬁ Days

K Days

B3 =R EOLRIEOT Wistar K0z S FIF SRR (x + 52 ,n=10)

Fig.3 Effect of light stimulation with three different color on the movement distance and average speed of

Wistar rats in the reward conditioned reflex test

£ - 10s
E 15 -~ 30s
#2157 .
Xy -&- 60s
& <
& & 10
& 32
&R £
&3 51
5
o}
0
0
1001
- 10s
z 804 === 30s
§§ —&-60s
iég 604
g £ 40
[=]
# 5
mg 204
0 L] T L} Ll T Ll v
0 2 4 6 8 10 12 14
R¥ Days
4004
- [0s
—=-30s
-&-60s

. 510 s HH#, " P< 0.05," P< 0.01,™P< 0.001;5
30 s 4, ¥P < 0.05,%P < 0.01," P < 0.001,

Note. Compared with the 10 s group, *

S CIR O PN 4 Z 0
SRR (x + sx ,n=8)
P < 0.05," P <

0.01, **P < 0.001. Compared with the 30 s group,* P <
0.05,"P < 0.01,"P< 0.001.

Fig.4 Effect of time duration of conditioned stimulus on

reward conditioned reflex of the rats

SERAURL AV A P, DRAR AL 0T 5T AT BABIE A Y
AP PEARA T 25 A B S S g it 2R 8 2 — TP R 400 4
EETRPAIIIREPEIN R G, M AT S LS 5 B
PATEEE AT AR T AL, AL T A XA R R T
RE S AR DT M S B RE2, LR B XA TRl 4§ A 55
LT M BURAT I iR AR R R D R
PRE 13 IO T O B 22 il P A 2% 1 B S G I 2R
G5, SN R SCRR R T8 22 3l P R AR 5% 18 B S 5
WO R O R A B ik
Bt R AR b R RSk v AR S T b 5 Dl
PEARAE SR E SO AG DN 22 GE AL REIC SR S B, ik
AE F ShGETT s 0 S il UK, S i v AR J0) | TE A
R B Bl A S AR IR R GLE BRI TR
BUNBER, (7 B A5 U0 55 52 56, ol 22 05 -t 3l
Pz~ ot IS ATRE S

AR BT T 5T 1 sl Wl 2 08 2 B AR A
SRR AR RS AT ot 25 5 e BUEYE SD
R SRR 2 B 26 1 I I 28 i 25 P B 33 B BB X ok &
PR ERBE TT 56, 32 B H X5 B ) o B o 1) % 5 i
TEXEFARANE S5 U5 B BEAEME Wistar K B 2% 91
6 THEME SD KR, BRI B M Wistar K
B S B X R 256 RS AN [R] 52 36 PR 380 R Bl 2
IR A S S AR A RS2 WL, Ry 2 Al M AR AT 26 1 B
S A

ST A S G e L i e e g A S
Bl b, AR RO SR ol i R B
Wrlsenl R e SRk, @A sh ¥y A AR R
WA ST . TR AR 25 A S S v, S s 2
RSB A G A — &, PR IEYEAE A, R 2 i
MR L S B SEAS DGR B A 1
J S S ) 2 ), AR S 6 0 B = b Ol AR Sy A%
WL W R (@[] -t 25 2R B A B U
REST . WA S S W B4 4 9 01 BE 0 2 th LR N Y



o [ L BE 2R 2 2018 4E 3 H 4528 545 3 1 Chin J Comp Med, March 2018, Vol. 28. No. 3 13

—_

=

=]
I

-e- 1R Day
-« BME Night

& o ®

o S o
1 1
|

]

NRIEN /¢ 3
Correct nose pokes pokes

1]

(=}

L

f=1

01 2 3 45 67 8910

K3 Days
0.8
=& -e- FR Day
< 3 0.6 == A Night
% g
€ So4
g %
(=9 -
#® 202 = ~&
z
0.0 —rrrrrrrr
o 1 2 3 4 5 6 7 8 9 10
K3 Days
1001
80 -e- K Day

-8 M Night

IS
o
1
s

o1 2 3 4 5 6 7 8 9 10

RH( Days
5 e/ mRxS R R e A
TSR (% + sx ,n=8)
Fig.5 Effect of day/night training on

reward conditioned reflex of the rats

SWS1 (short wavelength sensitive type 1) F1 LWS ( long
wavelength sensitive type) J& R F G, HA /N
B SWST (3% HEHE ISR AP (400 nm) , LWS 5
[ IOEI K R 510 ~ 540 nm BB A6
PR 620 ~750 nm, #EIEEKHK 460 ~ 480 nm'"
LUK 570 ~ 590 nm, I K BT B
PR EHUR ) HAA SIS R AT A, =4l 8h
Yy %) S S 8 TE A S o A fk v AR I L B
N EE2E S To i v, U] =i ThRe S AR Y,
AR R T 128 3 D RE B 3 B 25 1R S S e A2 3k
PR 225 I LALLE v | — b il o0 R B il 1
TN ARAGTCR M

RAEBFFERI I ZRUEY$E RT S48 52 5 1Y)
AL A e HEAE L, AT K Y 2% 1R R 5T I
201 BT R N AR BT, SIS S A
R, B AWl 2k, sh W) A GE 2 i > 1515 &
SR Y DGR o % 1A TR AR A A T AR AR
HFE 2 T — A R ZR A A, B [ AR A

R ST Z MR WA 58 %5 48 5
SR S s T8 4K X0 A7 S Sk AR AR B 2 0], R
YNGR RE I AD S B — B 1T 3 d SR
)24 10 s B, S0k 22 il 25 440 B9 1842 ) d5c 28, i Y
SAHIBAE R 30 s 1k 60 s B, BRI X2 il
ARG 4HR , H Gl E R R, AL E
RUIARIE 58 3 A0 3100 Sk B 25 7 W O A% 1 o 8 4
10 s BERINGR—U, LINZE 10 d, ST Kby
W R SR IR R R, S AE L, 4564
URSEHZE IR ] LA I 24 i A% R i A ) 1 5
I B A ) T ) N A ST R 1 S PR O i e
I TRl S &

JUIAMIZE DR SCF A > Fsh > i e iy
BB AR Z UK — U A 30 2l 3 52 m iy
FE ] GNBEAR R I AT AR BT R
INENTIRE A 52 A R i > 7 LI oY R
B, A= Wb o) 2 2] FCAZ B9 52 e A] e 2 AN A R Y
TERLEEOLT e OCIZ I RE T AT e 5 B 515 A
Mz (IR RVEAE NI R M2 5 R L R, TEC
B AR 2 2] J5 1B 24 h 9SG, e
TEOLT, 2T e AR R AR FE B 5 I By Be o ¢, B
ICAL R AR ISR & T RE IR TIN5k B T 4, A
B gy gyt R PR BN B
Cain ZE NP HFFE T Wistar K 5 Long Evans KR
PR B 25 7 8 i G %) T 43 2 K R
R 2 ICAAT S R IR I, — R rh R4
R I ) S5 A) 27 AT 55 /R O — A28 X Wistar R
BUAYSZIR R, H T, RZEUT 27 S 2 e R
HEAT WA 2 S W) SR ATV sh W, e 58 e/ I
GRXF BRI 25 R S0 B S M N, 25 2R s R
YIZRZE 5 3 W I 25 20 K BRI TE A S fioh Y0 50 S fh
TERARBA W I8 22 57, U6 B/ IR AN 52 1 K B
IR ST BT T A (B SR 2 Dl 1 4R A A%
PF RS R 32 B T R ) B TR IR AT

RS 1 R 1 = PR 2R 0 B2 Jily 1
RN RN SRS (R BE R, 25 TR T = AN [ A 1Y
JCRIHO KB AA S5 0 23 45 T8 52 i AEGHi nt
()RR 2 o) it A7 532 T 3 2 394 S B[R]
ARNT A ARG RTE i, [R) I, 5256 45 SRt R B
e/ BN R R BRI G il G 032 i, ] £ R 35 4T
5Pl 2 A RS AR S B I 2k

S 3k

[ 1] ShiZ, Sun X, Liu X, et al. Evaluation of an AR (140)-

induced cognitive deficit in rat using a reward-directed



14

P R PR A 2R 2018 45 3 4B 28 B4 3 3 Chin J Comp Med, March 2018, Vol. 28. No. 3

[13]

[14]

[15]

[16]

[18]

[19]

instrumental learning task [ J]. Behav Brain Res, 2012, 234
(2): 323 -333.

A, BRET, RIS, S5 BRSO ST 55 7
REEE AL OT S R [T]. v 1 S 46 sh ) 22 4
2012, 20(4): 9 -15.

B AS. BET Sl PR B A % A1 B S 1) F 0 1 80 24 0 iF
[D]. #ImThEZ R, 2013,

Hussaini SA, Komischke B, Menzel R, et al.

3

Forward and
backward second-order Pavlovian conditioning in honeybees [ ] ].
Learn Mem, 2007, 14(10) : 678 - 683.

Menda G, Bar HY, Arthur BJ, et al. Classical conditioning
through auditory stimuli in Drosophila: methods and models [ J].
J Exp Biol, 2011, 214 (Pt 17) ; 2864 —2870.

Valente A, Huang KH, Portugues R, et al. Ontogeny of classical
and operant learning behaviors in zebrafish [ J]. Learn Mem,
2012, 19(4) . 170 - 177.

Ribeiro MJ, Schofield MG, Kemenes I, et al. Activation of MAPK
is necessary for long-term memory consolidation following food-
reward conditioning [ J]. Learn Mem, 2005, 12(5) ; 538 —545.

0’ Connor EC, Crombag HS, Mead AN, et al. The mGluR5
antagonist MTEP dissociates the acquisition of predictive and
incentive motivational properties of reward-paired stimuli in mice
[J]. Neuropsychopharmacology, 2010, 35(8) . 1807 - 1817.
FITAE, TREE, FEE, SE. AR R RUTE 28 M R 1 S S AR
VeGP AT A # R [J]. hE SR 3 Y%k,
2016, 24(1): 65 -71.

Pavlov IP. Conditioned reflexes. New York: Dover, 1960.
Ranaldi R, Egan J, Kest K, et al. Repeated heroin in rats
produces locomotor sensitization and enhances appetitive
Pavlovian and instrumental learning involving food reward [ J].
Pharmacol Biochem Behav, 2009, 91(3): 351 -357.

EIEAE. BT TR M M TR AR NI EOR LA D BE A
fiX% Rel, Rb1 BidPfEHIBESE [D]. whEEE2R b dbatbh
RSB, 2016.

Jacobs GH. Evolution of colour vision in mammals [ J]. Philos
Trans R Soc Lond B Biol Sci, 2009, 364 (1531) : 2957 —2967.
Jacobs GH, Neitz J, Deegan JF 2nd. Retinal receptors in rodents
maximally sensitive to ultraviolet light [ J]. Nature, 1991, 353
(6345) : 655 —656.

Rea MS, Figueiro MG, Bierman A, et al. Modeling the spectral
sensitivity of the human circadian system [ J]. Lighting Res
Technol, 2012, 44(4) . 386 —396.

Jacobs GH, Williams GA, Fenwick JA. Influence of cone
pigment coexpression on spectral sensitivity and color vision in
the mouse [ J]. Vision Res, 2004, 44(14): 1615 —1622.
Felsenberg J, Plath JA, Lorang S, et al. Short- and long-term
memories formed upon backward conditioning in honeybees ( Apis
mellifera) [J]. Learn Mem, 2013, 21(1): 37 —-45.

Meyer PJ, Cogan ES, Robinson TE. The form of a conditioned
stimulus can influence the degree to which it acquires incentive
motivational properties [ J]. PLoS One, 2014, 9(6) : €98163.
AT FET R PEARAE A PF SR O 758 5 7 2 298P
BT [D]. hEEBERERE LRt %R, 2012.

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Parkinson JA, Robbins TW, Everitt BJ. Dissociable roles of the
central and basolateral amygdala in appetitive emotional learning
[J]. Eur J Neurosci, 2000, 12(1) ; 405 -413.

McClung CR. Plant circadian rthythms [ J]. Plant Cell, 2006,
18(4): 792 —803.

Moore MC, Sulzman FM, Fuller CA. The clocks that time us;
physiology of the circadian timing system [ J]. J Gerontology,
1983, 38(2): 246 —247.

Tapp WN, Holloway FA. Phase shifting circadian rhythms
produces retrograde amnesia [ J]. Science, 1981, 211(4486) :
1056 —1058.

Fekete M, van Ree JM, Niesink RJ, et al. Disrupting circadian
rhythms in rats induces retrograde amnesia [ J]. Physiol Behav,
1985, 34(6) ; 883 —887.

Devan BD, Goad EH, Petri HL, et al. Circadian phase-shifted
rats show normal acquisition but impaired long-term retention of
place information in the water task [ J]. Neurobiol Learn Mem,
2001, 75(1): 51 -62.
Krishnan HC, Lyons LC. Synchrony and desynchrony in
circadian clocks: impacts on learning and memory [ J]. Learn
Mem, 2015, 22(9) . 426 -437.

Decker S, McConnaughey S, Page TL. Circadian regulation of
insect olfactory learning [ J]. Proc Natl Acad Sci U S A, 2007,
104(40) : 15905 - 15910.

Cain SW, Chou T, Ralph MR. Circadian modulation of
performance on an aversion-based place learning task in hamsters
[J]. Behav Brain Res, 2004, 150(1 -2): 201 -205.
Manrique T, Molero A, Ballesteros MA, et al. Time of day-
dependent latent inhibition of conditioned taste aversions in rats
[J]. Neurobiol Learn Mem, 2004, 82(2) : 77 - 80.

Fernandez RI, Circadian

Proc Natl

Lyons LC, Levenson J, et al.
modulation of long-term sensitization in Aplysia [ J].
Acad Sci U S A, 2003, 100(24) : 14415 - 14420.
Lyons LC, Rawashdeh O, Katzoff A, et al. Circadian modulation
of complex learning in diurnal and nocturnal Aplysia [J]. Proc
Natl Acad Sci U S A, 2005, 102(35) : 12589 - 12594.

Lyons LC, Roman G. Circadian modulation of short-term memory
in Drosophila [ J]. Learn Mem, 2008, 16(1); 19 —-27.
Lehmann M, Gustav D, Galizia CG. The early bee catches the
flower—circadian rhythmicity influences learning performance in
honey bees, Apis mellifera [ J]. Behav Ecol Sociobiol, 2011, 65
(2):205-215.

Rawashdeh O, de Borsetti NH, Roman G, et al. Melatonin
suppresses nighttime memory formation in zebrafish [ J ].
Science, 2007, 318(5853) . 1144 - 1146.

Chaudhury D, Colwell CS. Circadian modulation of learning and
memory in fear-conditioned mice [ J]. Behav Brain Res, 2002,
133(1): 95 -108.

Cain SW, Ko CH, Chalmers JA, et al. Time of day modulation
of conditioned place preference in rats depends on the strain of rat

used [ J]. Neurobiol Learn Mem, 2004, 81(3): 217 -220.
(s A H#I)2018 - 01 - 15



