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[ Abstract] Objective To establish a model for different degrees of fear stress and explore the effect of fear stress
on visual cognitive ability in Long-Evans rats. Methods Foot shock was used as a stress stimulus and a cognitive choice
experiment was designed, and then the neural response of the amygdala was measured for functional network analysis to
evaluate the effects of fear stress on visual cognition. First, the rats were divided into strong (S+) and weak (S) fear stress
groups and a control group (N) and treated with different degrees of foot shock stimulation. Then, intensive visual cognitive

training was conducted with a single image (“ A”). Finally, a cognitive choice experiment was conducted with two images
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(“A”and “T7). We combined our results with the complex network theory to construct a visual cognitive functional

network of the amygdala in rats under fear stress, in which the information transfer efficiency was represented by the average

path length and clustering coefficient. Results

The time required to complete intensive visual cognitive training was

significantly higher in the groups S+ than S and N, and was significantly higher in the groups S than N at the early stage of

intensive training but showed no significant difference at the later stage. In the cognitive choice experiment, a visual

cognitive connection was formed in the groups S and N, while no visual cognitive connection was formed in the group S+. In

the brain functional network analysis, effective visual information transmission was observed in the groups S and N, while

no visual information transmission was observed in the group S+. Conclusions Fear stress has negative effects on visual

cognition, and the cognitive effects become significantly worse as the degree of fear increases.
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Figure 1 Overall flow chart of the experiment
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Table 1 Significance analysis of freezing ratio in the rats of three groups for five days (x + s)

2H 5 KA Days MR K TT 25301 Two-way ANOVA
Groups 1 2 3 4 5 F df P
N 10.3 +2.2 8.7+5.2 14.5+6.6 9.3+ 1.7 12.8 +2.2 1. 453 (4,15) 0. 265
S 19.6 + 0.7 22.7+5.3 19.8 + 3.8 20.9 + 5.7 18.7 £ 9.1 0.292 (4,15) 0.876
S+ 42.6 + 12.8 36.6 + 8.8 27.5 + 2.7 29.2 + 2.8 26 +2.5 3.76 (4,15) 0. 026
F 19. 515 17. 865 7.8 28 5.544
df (2,9) (2,9) (2,9) (2,9) (2,9) 89. 630 (8,45) 0.017
P 0. 001 0. 001 0. 001 0. 001 0. 001
&2 HRRGERALGE N RE 55 P A 2k 8] (& % s/min)
Table 2 Time of visual cognition in the rats of three groups (x + s/min)
A Groups 6~74d 8~9 d 10~11 d 12~13 d 14 d
N 10.9 £ 3.0 6.6+1.6 6.4+3.9 6.1+2.0 6.2+ 1.3
S 28.5+1.3" 153 1.7 15.0 £ 3.5~ 6.4+ 1.2 5.0+0.1
S+ 26.5+3.2" 18.7 +2.5** 14.5 +2.8" 11.3+2.6** 9.9+ 1.1"*

W5 N A, P< 0.05;5 S #HIL#,P< 0.05,

Note. Compared with the group N, *P< 0. 05. Compared with the group S,*P < 0. 05.
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Figure 2 Fitting curves of correct rates of visual cognitive

choice in the three groups of rats
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clusters before and after visual cognition training

5

Z

% 3 #ik(References)
XU . ZYE A R R )]
2016, 36(1): 31-35.

A P R

Liu LT. The effects of fear and anger on cognitive control [ J].

Psychol Explor, 2016, 36(1) . 31-35.

[ 2] Bergstom HC, Johnson LR. An organization of visual and
auditory fear conditioning in the lateral amygdala[ J]. Neurobiol
Learn Mem, 2014, 116 1-13.

[ 3] Bergstrom HC. The neurocircuitry of remote cued fear memory.



24

[ S2 6 Zh 2448 2019 4F 2 A28 27 555 1 8] Acta Lab Anim Sci Sin, February 2019, Vol. 27,No. 1

[7]

[J]. Neurosci Biobehav Rev, 2016, 71; 409-417.

W A e KRR N AR T (T 5 AN 4 R
BE[M]. 2011, 28 " FEE R,

Pan X, Jiang CL, Yan J. Establishment of rats fear stress model
and selection of evaluation index | M ]. 2011; Second Military
Medical University.

Schmidt LJ, Belopolsky AV, Theeuwes J. Attentional capture by
signals of threat[ J]. Cogn Emot, 2015, 29(4) : 687-694.
Frankland PW, Josselyn SA. Neuroscience: In search of the
memory molecule[ J]. Nature, 2016, 535(7610) ; 41-42.

Piao C, Deng X, Wang X, et al. Altered function in medial
prefrontal cortex and nucleus accumbens links to stress-induced
behavioral inflexibility [ J]. Behav Brain Res, 2017, 317: 16
-26.

B VAR R0 JE R B A A S i B L[]
AR BE IR, 2017, (9) : 826-832.

Hu T, Liu ZW. Cognitive abnormalities and neural mechanisms of
post-traumatic stress disorder [ J]. Med J Chin PLA, 2017(9) :
826-832.

Amir A, Lee SC, Headley DB, et al. Amygdala signaling during
foraging in a hazardous environment [ J]. J Neurosci, 2015, 35
(38): 12994-13005.

VRS, NI 4 2RI IR . K B (A AE AR P L o 2 5T i)
B ER RS T]. BFHR S TR, 2016, 16(24) .
121-126.

Shi L, Sun CK, Li XY. Cluster coding of rat amygdaloid nucleus
in the process of conditioned fear vision building[ J]. Sci Technol
Eng, 2016, 16(24) . 121-126.

Li X, Sun C, Shi L. Comparison of visual receptive field
properties of the superior colliculus and primary visual cortex in
rats[ J]. Brain Res Bull, 2015, 117(6) ; 69-80.

Dias-Ferreira E, Sousa JC, Melo I, et al. Chronic stress causes

frontostriatal reorganization and affects decision-making [ J ].

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Science, 2009, 325(5940) : 621-626.

Ito W, Pan BX, Yang C, et al. Enhanced generalization of
auditory conditioned fear in juvenile mice [ J]. Learn Mem,
2009, 16(3) . 187-192.

Blanchard RJ, Blanchard DC. Crouching as an index of fear[ J].
J Comp Physiol Psychol, 1969, 67(3) . 370-375.

BREE, ZEBRIG, 287k, 45, &6 R 05 5 1 i e i 45 K
S X s BEAE AL [ ], R SEEe s A4k, 2016, 24
(1):87-91.

Chen W, Li CC, Li S, et al. Pathological changes in some
important brain areas of rats with post-traumatic stress disorder
induced by combined stress[ J]. Acta Lab Anim Sci Sin, 2016,
24(1). 87-91.

Lashley KS. The mechanism of vision; XV, preliminary studies of
the rat’ s capacity for detail vision [ J]. J Gen Psychol, 1938, 18
(1):123-193.

Skinner, BF. The behavior of organisms: an experimental
analysis[ M]. 1991 Copley Publishing Group.

Cheng XR, Yang Y, Zhou WX, et al. Expression of VGLUTSs
contributes to degeneration and acquisition of learning and
memory| J]. Neurobiol Learn Mem, 2011, 95(3) ; 361-375.
et ARV REIR [ M]. 2008 Bl Hh R,

Yan J. An overview of modern stress theory[ M ]. 2008 ; Science
Press.

FRELER, skofraks, =2A0, 45, MM BUREL P40 iR
TGRSR R AL [T]. M ACH 252 2 4L, 2008, 24
(1): 10-14.

Chen HX, Zhang YZ, Yuan L, et al. To evaluate the anti-
depression effect and mechanism of guanadine in chronic stress
mice [ J]. Pharm J Chin PLA, 2008, 24(1) :10-14.

[KF=EHHI] 2018-07-16



