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ABSTRACT Objective: To analyze thel correlation between anxiety-like behavior and hippocampus/serum inflammatory reactive
substances in chronic cerebral hypoperfusion (CCH) in rats. Methods: Adult male Sprague-Dawley (SD) rats (200-220 g) were divided
into two groups (sham and bilateral common carotid artery ligation (BCCAO) groups, N=56 per group) and underwent BCCAO or sham
surgery, and. After 4 weeks, the open field test and the elevated plus maze were used to test rats' anxiety-like behavior; immunofluores-
cence (Ibal and GFAP staining) and enzyme-linked immunosorbent assay (ELISA) were used to determine glial activation in the hip-
pocampal CAl region and serum and hippocampus interleukin-6 (IL-6), tumor necrosis factor-a(TNF-a), cell adhesion molecule-1
(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) content respectively. Results: Open field test showed that the total walking
distance of the BCCAO group was significantly higher than that of the sham group, as well as the walking distance and time spent in the
central zone (P<0.05). In the elevated plus maze, the BCCAO group revealed significantly increased time spent in the open arm and number
of visits, while the closed arm stay time was significant lower (P<0.05). In BCCAO group glial cells was significantly activated compared
with sham group in hippocampal CA1l, and the expression levels of inflaimmatory factors in both of the hippocampus and serum in
BCCAO group were detected (P<0.05). Correlative analysis indicated that expression levels of ICAM-1 and VCAM-1 in hippocampus
(rather than serum) were positively associated with anxiety-like behavior (time spent in the center and open arm)(P<0.05). Conclusion:
ICAM-1 and VCAM-1 in the hippocampus participate in the pathological process of chronic anxiety-like behavior in the CCH model.
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Fig.1 The effect of CCH on the anxiety-like behaviors of rats in the open field test
Note: (A) travel distances (cm); (B) average speed (cm/s); (C-D) travel distances and time spent in the center (D) (E-F) travel distances and time spent in

the corner; (G-H) the representative experimental images in both groups. N=10 per groups; *P<0.05 vs. sham group.
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Fig.2 The effect of CCH on the anxiety-like behaviors of rats in the elevated plus maze test
(A) Total time in arms; (B) resting time; (C-D) time spent and visits to the open arm; (E-F) time spent and visits to the close arm; (G-H) the representative

experimental images in both groups. N=10 per groups; *P<0.05 vs. sham group.
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Fig.3 The effect of CCH on the hippocampal CA1 glial activation

(A) Ibal immunostaining and relative quantification; (B) GFAP immunostaining and relative quantification. Bar=50 wm, N=10 per groups; *P< 0.05 vs.

sham group.
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Fig.4 The effect of CCH on the expression of inflammatory cytokines both in plasma and hippocampus

(A) the expression of Interleukin-6 (IL-6), tumor necrosis factor-alpha, (TNF-a), intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion

molecule-1 (VCAM-1) in plasma in CCH model; (B) the expression of the cytokines in hippocampus. N=10 per groups; *P<0.05 vs. sham group.
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Table 1 Correlation between the anxiety-like behaviors and inflammatory cytokine levels in the hippocampus
IL-6 TNF-a ICAM-1 VCAM-1
Time spent in the center 0.17 0.51* 0.47*
Time spent in the open arm 0.19 0.43%* 0.33*

Note: The data in the table referred to correlation coefficients (R values), *P<0.05 was considered to be positive.

FE IR SRR TP RS # L I & E , IR N BE T T
Rl iR e BRI T 3R U A DB S ] 9B P O A D0,
LIRS MBI HI i LTP, GABA 3Z A S 2218 (19 2 foldm
il , % S il Pl SAPEAR EE L, O L5 JUA A 2ok g i e,
AL B BRGS0 PEAR R SRR S A D2, BRI rh 2 48
TR IR AR AL S B I R AH C 22, 7655 2 i A (N2 )
B4 ALY Y, A 4% 200 B R () 7 P35 i U 38 R PR/ IN BRL v 4% 1k
L R (g4 8 7 A A L SVRAE 1) R A AT 22,

CCH BRI i 1 7 12 A9 R BB B n] A 2t . W
PEEAFME MR, B T M5 SO AT R S R InAR e
FRAV LI 4 JE B B A TAT 2 o0 A (0 35 52 3 F e 28
TFERREDE W7 ST A AR Sk B Sy 2 B = A
FEAVERAT A SRS T, T 3 AR 155 46 e A Wi 145 ) s 8L )
A RIS DL B PR AT Sy 22 4 - Bt B i+ B A T
TE L6 AR | £ REREAT S SR Hh ok Xl 2 A g 4
PR T] s 2 D R Bk 08, AR SR, CCH BRI B 5 | i
W SR REREAT O R E . BARE RS9 & I CCH AR -
JoH AR BT ek £ CCH S 1T B B A AR I REAT M m
B (AR R SD KBS R 1) CCH BLAUME M A B i
A EREAT AR I, AT S 2% SR S5 IA KT R R 2 IEAH
K AR S —FIIA T B 1140 1 2 Wi A O B s R 12
2R, ARTFREE A S T ARG, Ui CCH KRR
FEFEAT I A

ICAM F1 VCAM-1 g1 25 i1 45 B {v; (neuro-vascular unit,
NVU)EEZE AL 4322, [ 104 P9 Rz 40 BRI 1) S E
RPN P RN . 248 1, /M LR T2
AT DIRE, I/ R AR AT R A T AL AR 2 A BT
TEGR M E , ICAM F VCAM-1 3400, 4R ) 38 52 895 1 4 -
PN R A BRI R AR R A A2, &) ICAM Fll VCAM-1 il i3
A AL, 8 /2 DL 5 R RIS 1 240 A (A o 42 TG A
5o EAAERBRRTEILT , RAERE 7T BB FBUEM R 5
RIHSEAT AR R OCH™), ICAM Al VCAM-1 22 5% Fli4
RSB (EIEE L PR B A RSAEN L. KR ICAM
H1 VCAM-1 552 4R I/ MR BE A TL-6 Fl TNF-or,  Jf{ i
A5 PN Rz AR RS B, ARS8 S s Toe A2 I v sk i
I DRI ) A 2 AR A PR T3 TR /K T X BH S 0, Vg X el b 26 46
PEEF AT NP CCH KRR F8 T 4 40 i (5 (L6,
TNF-o) {235 , T H_E 8 41 MRS 531 ICAM Fil VCAM-1) i)
PRk, N TF ARG R ATE 2

L LRk, ¥ 51X % ICAM-1 fl VCAM-1 F#+#H5 CCH K
SUBIER TN REAE, MIRES S CCH MMM BT i
Ko

& % 3L @ik ( References)
[1] Chemerinski E, Levine S R. Neuropsychiatric disorders following vas-

cular brain injury[J]. Mt Sinai J Med, 2006, 73(7): 1006-1014
[2] Campbell B C, Murray J, Holmes J, et al. Frequency of anxiety after

stroke: a systematic review and meta-analysis of observational studies

[7]. Int J Stroke, 2013, 8(7): 545-559
[3] Mannarini S, Boffo M. Anxiety, bulimia, drug and alcohol addiction,

depression, and schizophrenia: what do you think about their aetiology,

dangerousness, social distance, and treatment? A latent class analysis

approach[J]. Soc Psychiatry Psychiatr Epidemiol, 2015, 50(1): 27-37
[4] Nepon J, Belik S L, Bolton J, et al. The relationship between anxiety

disorders and suicide attempts: findings from the National Epidemio-

logic Survey on Alcohol and Related Conditions[J]. Depress Anxiety,

2010, 27(9): 791-798
[5] Stanojlovic M, Gusevac I, Grkovic I, et al. Effects of chronic cerebral

hypoperfusion and low-dose progesterone treatment on apoptotic

processes, expression and subcellular localization of key elements
within Akt and Erk signaling pathways in rat hippocampus[J]. Neuro-

science, 2015, 311(1): 308-321
[6] LuY, Li CJ, Chen C, et al. Activation of GABAB2 subunits alleviates

chronic cerebral hypoperfusion-induced anxiety-like behaviours: A

role for BDNF signalling and Kir3 channels [J]. Neuropharmacology,

2016, 110(Pt A): 308-321
[7] Fukudome K, Furuse M, Fukuhara N, et al. Strong induction of I-

CAM-1 in human T cells transformed by human T-cell-leukemia

virus type 1 and depression of ICAM-1 or LFA-1 in adult T-cell-

leukemia-derived cell lines[J]. Int J Cancer, 1992, 52(3): 418-427
[8] Zhang Q, Zhang J, Yan Y, et al. Proinflammatory cytokines correlate

with early exercise attenuating anxiety-like behavior after cerebral is-

chemia[J]. Brain Behav, 2017, 7(11): ¢854

[9] Long Q, Hei Y, Luo Q, et al. BMSCs transplantation improves cogni-
tive impairment via up-regulation of hippocampal GABAergic system
in a rat model of chronic cerebral hypoperfusion [J]. Neuroscience,

2015, 311(1): 464-473
[10] Long Q, Qiu B, Wang K, et al. Genetically engineered bone marrow

mesenchymal stem cells improve functional outcome in a rat model of

epilepsy[J]. Brain Research, 2013, 1532(1): 1-13
[11] Wang K, Long Q, Jia C, et al. Over-expression of Mashl improves



. 454 .

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol20 NO.3 FEB.2020

the GABAergic differentiation of bone marrow mesenchymal stem
cells in vitro[J]. Brain Research Bulletin, 2013, 99(1): 84-94

[12] Sarkaki A, Farbood Y, Badavi M, et al. Metformin improves anxi-
ety-like behaviors through AMPK-dependent regulation of autophagy
following transient forebrain ischemia [J]. Metab Brain Dis, 2015, 30
(5): 1139-1150

[13] Soares L M, Schiavon A P, Milani H, et al. Cognitive impairment and
persistent anxiety-related responses following bilateral common
carotid artery occlusion in mice [J]. Behav Brain Res, 2013, 249(1):
28-37

[14] Hei Y, Chen R, Yi X, et al. HMGBI Neutralization Attenuates Hip-
pocampal Neuronal Death and Cognitive Impairment in Rats with
Chronic Cerebral Hypoperfusion via Suppressing Inflammatory Re-
sponses and Oxidative Stress[J]. Neuroscience, 2018, 383: 150-159

[15] Lang U E, Borgwardt S. Molecular mechanisms of depression: per-
spectives on new treatment strategies[J]. Cell Physiol Biochem, 2013,
31(6): 761-777

[16] Menlove L, Crayton E, Kneebone I, et al. Predictors of anxiety after
stroke: a systematic review of observational studies[J]. J Stroke Cere-
brovasc Dis, 2015, 24(6): 1107-1117

[17] Chen W L, Xie B, Zhang C, et al. Antidepressant-like and anxiolytic-
like effects of hydrogen sulfide in behavioral models of depression
and anxiety[J]. Behav Pharmacol, 2013, 24(7): 590-597

[18] Ferreira A C, Pinto V, Da M S, et al. Lipocalin-2 is involved in emo-
tional behaviors and cognitive function[J]. Front Cell Neurosci, 2013,
7(1): 122

[19] Benke D. GABAB receptor trafficking and interacting proteins: tar-
gets for the development of highly specific therapeutic strategies to
treat neurological disorders? [J]. Biochem Pharmacol, 2013, 86(11):
1525-1530

[20] Eng J J, Reime B. Exercise for depressive symptoms in stroke pa-
tients: a systematic review and meta-analysis [J]. Clin Rehabil, 2014,
28(8): 731-739

[21] LulJ, Xu'Y, Hu W, et al. Exercise ameliorates depression-like behav-

ior and increases hippocampal BDNF level in ovariectomized rats[J].
Neurosci Lett, 2014, 573(1): 13-18

[22] Noto C, Rizzo L B, Mansur R B, et al. Targeting the inflammatory
pathway as a therapeutic tool for major depression [J]. Neuroim-
munomodulation, 2014, 21(2-3): 131-139

[23] Zhiyou C, Yong Y, Shanquan S, et al. Upregulation of BACE1 and
beta-amyloid protein mediated by chronic cerebral hypoperfusion
contributes to cognitive impairment and pathogenesis of Alzheimer's
disease[J]. Neurochem Res, 2009, 34(7): 1226-1235

[24] Khoshnam S E, Farbood Y, Fathi M H, et al. Vanillic acid attenuates
cerebral hyperemia, blood-brain barrier disruption and anxiety-like
behaviors in rats following transient bilateral common carotid occlu-
sion and reperfusion[J]. Metab Brain Dis, 2018, 33(3): 785-793

[25] WangF, Zou Z, Gong Y, et al. Regulation of Human Brain Microvas-
cular Endothelial Cell Adhesion and Barrier Functions by Memantine
[J]. J Mol Neurosci, 2017, 62(1): 123-129

[26] Dietrich J B. The adhesion molecule ICAM-1 and its regulation in re-
lation with the blood-brain barrier [J]. J Neuroimmunol, 2002, 128
(1-2): 58-68

[27] Mazereeuw G, Herrmann N, Bennett S A, et al. Platelet activating
factors in depression and coronary artery disease: a potential biomark-
er related to inflammatory mechanisms and neurodegeneration [J].
Neurosci Biobehav Rev, 2013, 37(8): 1611-1621

[28] Wojkowska D W, Szpakowski P, Glabinski A. Interleukin 17A Pro-
motes Lymphocytes Adhesion and Induces CCL2 and CXCLI Re-
lease from Brain Endothelial Cells[J]. Int J Mol Sci, 2017, 18(5): 1000

[29] Toscano E C, Silva B C, Victoria E C, et al. Platelet-activating factor
receptor (PAFR) plays a crucial role in experimental global cerebral
ischemia and reperfusion[J]. Brain Res Bull, 2016, 124(1): 55-61

[30] Yoshida H, Imaizumi T, Tanji K, et al. Platelet-activating factor en-
hances the expression of nerve growth factor in normal human astro-
cytes under hypoxia [J]. Brain Res Mol Brain Res, 2005, 133 (1):
95-101

(5 492 TT)

(23] #ARLALFE,F R, 5 S5 34T B M A 5 U B 4T W B E
BT MR B A #9 7 A AT U 4 &, 2017, 38(3): 243-246

[24] Aly TA. Short Segment versus Long Segment Pedicle Screws Fixa-
tion in Management of Thoracolumbar Burst Fractures: Meta-Analy-
sis[J].Asian Spine J, 2017, 11(1): 150-160

[25] Sait A, Prabhav NR, Sekharappa V, et al. Biomechanical comparison
of short-segment posterior fixation including the fractured level and
circumferential fixation for unstable burst fractures of the lumbar
spine in a calf spine model [J]. J Neurosurg Spine, 2016, 25 (5):
602-609

[26] Lin YC, Fan KF, Liao JC. Two additional augmenting screws with

posterior short-segment instrumentation without fusion for unstable
thoracolumbar burst fracture - Comparisons with transpedicular graft-
ing techniques[J]. Biomed J, 2016, 39(6): 407-413

[27] & %L, EAa A Z A5 B AT B & R EAR R LB 364 7 L [I].
oA &, 2017, 25(6): 521-526

(28] & P &, MRZ A, AL, S 4 A B 4T 06 97 AOA3.3 A ARk 2L A
ey A dh  FAF 4] P B4R DA, 2017, 21(35): 5673-5678

[29] fete, REA M BATS R B AT Y BN B8 97 M IRAMOR LR
g sz [J]. 52 A AR &, 2016, 22(1): 46-49

[30] Xl BKaihe, & B R, F HEEATEREATRTENE LSS
B EHRE LR e s ] b B SR 4 &, 2016, 22(6):
531-535



