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The expression of c-fos in the central nucleus of amygdala and its
relationship with visceral pain related anxiety-like behaviour in mice

LI Lin,CAO Wenyu, LIU Zhenghai,et al
(Department of Clinical Anatomy ,School of Medicine ,University of South China ,Hengyang 421001 Hunan ,China)

Abstract: Objective To explore the expression of c-fos in the central nucleus of amygdala ( CeA) and its relation-
ship with acetic acid-elicited visceral pain ( AAVP)related anxiety behavior in mice. Methods Male Kunming mice were
randomly divided into normal saline ( NS) group and one hour after acetic acid-elicited visceral pain ( AA-1h) group, two
hours after acetic acid-elicited visceral pain ( AA-2 h) group and twenty-four hours after acetic acid-elicited visceral pain
(AA-24 h) group, visceral pain behaviours of all animals were measured by Writhing test while the anxiety-like behavior of
NS group and AA-2 h group and AA-24 h group animals were determined by open field test (OFT).After the behavior test,
the three group animals were scarified for the determination of c-fos in the CeA by immunohistochemistry. Results Com-
pared to NS group, AA-1h group animals showed significantly increased number of writhes ( P<0.001) , while no statistics
difference between NS group and AA-2 h or AA-24 h group( P>0.05,respectively) .In the OFT,AA-2 h or AA-24 h group
showed significantly decreased time and number of crossing in the center compared with the NS group( P<0.001, respective-
ly) ,while no difference in the locomotive activity was found among the three groups( P>0.05,respectively).The results of
immunohistochemistry showed that compared to NS group,AA-2 h or AA-24 h group showed significantly increased number
of c-fos positive cell in the CeA (NS vs AA-2 h,P<0.001,NS vs AA-24 h,P<0.05). Conclusion AA treatment leads to
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anxiety-like behavior in the mice even after the visceral pain disappeared,which might be due to the over-activated neuron

in the CeA.
Key words :

visceral pain;

P & — -5 2L S BT 7E 40 D5 AH SC A AN
PR T LI IR AR 3R, B 45 SR o 17 SR
J2E AT 8% 2 TH] F B AR X R R B Rz I B2 T
I = A AR | S 1) R A SRR AT O 4 H
HPACR A S 1Y £7 T 17 445 1 B2 el B A B i) 18
R P U S A B R R L — R X
WU AR R R ZE | BRI A S AE S5 RN B, H
FEE 2 A B, S8 W A A 2 R BB
SRR PSR 5 LA A AR AT A R 1 i 4
PR R, #51rP J % (central nucleus
of amygdala, CeA ) J2& 5 B I B8 17 5 4 B o
M — R, 22 5 T PR A O RO T T
HABLE R0 e-fos JE—FIAFAE T 1 1 2240
JiAZ PN ) B 2] B L PR e-fos 114 238 5 v AR 6T 45 i
P BRI B A BV G FR  e-fos FRIBMEUR S
J 52 B 0 B R B A G S T 5 R DT 10 28 it
PRicd . AR SCE RS BT BON IR /D B
1= % c-fos FIR I FRAS ML K H 5 B W) £ 1 AT
NI RF

1 AR5

L1 ¥ HEER PR 48 H IR 22~25 ¢
(R 3 v Sk BRI ) BEAL 0 A BRER K4, R
BONMESR 1 h 4.2 h 4 .24 h 40, " 12 2, frfy
INERIITEAR LRG3 S ) 3 LR 3R 7 K & I AE
Hil7E(24+2) C, 12 h BRCHH (LR 08 = 00-
20:00) , H ORGSR,

1.2 Eh¥5r4

12,1 AREAmBEAGELT  CZMRBONIER 1 h 4l
(one hour after acetic acid-elicited visceral pain, AA-
1h )  ZFRECN NG 2 h ZH (two hour after acetic acid-
elicited visceral pain, AA-2 h ) DL S ZFRECNIES 24
h 2 (twenty-four hour after acetic acid-elicited visceral
pain, AA-24 h )il i 7 S 1.0% LR 10 mL/kg
HENT PINEIRASTIR AL ™) | A B R K 2 S S
HEER7K  AA-1h (AA-2 h & AA-24 h 43548 Z TR IE Ik
VESPEER 1 h 55 2 h LUK 24 b, K/ RS T
H O ESRAA N IR A 3% 1 h IR BEN

central nucleus of amygdala;

c-fos ; anxiety

ARUE /DN BRH I AL PN T B 5 L R i A
TG A IR RENCAR 1 IR,

1.2.2 RJEAT AR /N RS B SCE RS 1 h
JF % —E T G g XL [ IG5 5 min, I
G YNGR ANk e FUN S S N =P S Uk 29Tl
S/ R S AR A Bl IS ] | A 2 R A RS
R RN SRS, B T
T5% I RG TG BRI AR N IR . L5/ RS B
SEUER/INERTE B RE, rh AR o s A e
5 B o ) 0 A R R R B

123 SBRAZBKFEEE T RHAKGIEERE, 3
YISEBIZET 10% 7K S VR BE BRI, 5 FH A= B Eh /K
WL T 4 C 1Y 4% 25 F 18 1, UG
T 4 COKFRJE [EE i, IR T 15% 30% BEREFE 53
DU , KR DI R LA 22 RV A, )R 30 wm,
B—EY A RR4& 3% o A 1k & % Wb 7 &%
0.01%mmol/L PBS %k =3 J&7 , 5% “F- IfL 75 % iR Bt 4]
2 h, IMAESL L2 w BEHUR c-fos (santa cruz, 1 :
1000) =R THEE 2 h, REHEE 4 CkF SR,
0.01 mmol/L PBS #1510 minx3 ¥ AL %
Ig G(1:200), =R FPFE 2 h;0.01 mmol/L PBS #f
PE,10 minx3 W MA T EALEPRIC AT ABC 59
(A A B LI K 1 2 200, $2 /7 30 min Ao ) 28
U FIEE 2 h;0.01 mmol/L PBS Mk, 10 minx3 ¥
DAB .5, UJ 5 HUBK & BIFE 400 15062
WA T AT ISR, O BB R AR R (MCS5
I ARBISERHL A D)

1.3 Fitath AT SR L e TR,
K H Graphad prism5.0 #7451 13Hr , 2 A5
HEBCR HI R 22 07 225347 (One-Way ANOVA) | 21
AREPER Y £ L BCR post hoc Dunnett K 56 ,P<
0.05 N K2R HAGT# R L

2 # R

2.1 EHZEBEAENE RN ANERETES  AA-
Lh 2SI 0 B0, N RE WS04 U il 25 38
MAEFRER K AL  AA-2 h 20 % AA-24 h (A b
BRI R A A (B 1) o et a2 RER W], AA-Th 20



138 Medical Science Journal of Central South China,March 2017,Vol.45,No.2

JERES 4 U I i 22 T AR R K 4H (P<0.001 ), T
AA-2 h 20 AA-24 h A1 5 A SER K 4 L 3 i RE I
AR 22 57 0 8 35 M (P>0.05)

2.2 IS5 ZEREARREIRT B R B EAT A TES
W37 S BRI T A PR KA1 AA-2 h 401 AA-24 h
Heh W EIEN 2 (K 2), SAHEE KA,
AA-2 hZH I AA-24 h ZH/NRAED 37 rh Jups 28 B+
B B (P<0.001) ,AA-2 h ZH 1 AA-24 h ZH/)
FUTE W™ 3 Hp e A% 455 B4 A9 B[R] B B s D (P <
0.001) ,H& LWLl L7 v 28 B0 BA% F RO 22
S (P>0.05),

2 s0p A QUEEKA 3¢ 30 B
E 4oL Barsin % | L
% 30 %20
Pilad IR
& = 10
g X
* 9 P’y
4@35& S

150
O A k4l

ok S AA-ih

= & AA2h

=100t AA-24h

S

=

2 OS0f

=

0 1

El1 ZBEssiAIEih/kITiERmARIE 0
S KA A, « = * P<0.001

C Pk 4
E M%ﬁmgu 150 & AADh
[ AA-24 b & - O AA-24 h
M- 100
3
‘Rﬂf 60
ia)
0 1
)fk%
N

B2 AEEKkeZEI/MREERITANEIE
A AFRER KA AA-2 h 20 % AA-24 h 2 P e (5 B IR A B . A BRER K L AA-2 h 2 % AA-24 h 41 HP Ju i 27 s T4
CoAPHER/KEH AA-2 h 2H M AA-24 h A MURAE T80, SAEFIER KA AL, = + = P<0.001; 54 HEh K4 H#, = = P<0.01

23 IS ZBEARENES/NREFLCHRZ c-fos
TirT AR ER (K 3), 54K
ZH LA, AA2 h ZHFN AA24 h /N A e % e-fos

PR 4 AA-2h

AA-24h

FHE: 20 At %5 W SR 3% hn (P <0.05) , 1 AA24 h 415
AA2 h&Z HE#E c-fos [HME 40 M K B 08/ (P<0.01) ,
A H S AE IR T R S AT R A T R A |

c-fos P40 M % (/mm?)

B3 AEEHKSZEITE(CHRERZ c-fos RIZHIF M
A B C AR AR KA AA-2 h 2H J2 AA-24 h ZHAS (2 ek o-fos SRBEHALEE IR D N s e dH b as R,
5 b K AL, s . P<0.001; 54 HER KA HOAE, . P<0.05;5 AA-2 h 41 K AR HER K 40 U3, ##: P<0.01, bar=100 pum

35t

PRI S s s PR DR, B IF S BRER A, AT
XoF A BIES AR 2 TN . SRR EA B e 4 1
MR SR 5 S IR U 2 B B e A2

SE fE S A IR . RS AR TR T SR T RE
T U RE K, S BUIR AR R A i e i (H X AR Y
FRVE B, b5 T PRI 2GR AL R 52 ) PR T
o BVESE B, 28 A B 3 i Schmauss G 48 HY
VORI R RE DT Y B AL PR AT AR A, 22 H TR



P EFAFRE217THE3 AL A5 EE 2B

B2 MR 2 — ARSI i 5250 R
BRI 17 30— PR AR A L0 ARSI v 7R /N BUIE I
TEGT SRS 1 b P BE ISR S0 R TR
ST R MR R

AT IR ) [ IS A7 7 45 SRS 4 (DR AP TE &
SRS T A RGN, PRI ARSI FETE ST AA ST 2
h.24 h KT /N BRI T R, R 3K A B[] gk
B 0 %) R MAC 20 R K 2 ik 2, 4 7R B0 400 ) A O
TR, X — &5 S5 SOk AR T8 B A PR A2 2 i A 5
H—8 ) =y s S ORRSG 2 h
Bl TGS A T SRS 157 B RS 7] B i S 2 ) Tk
B S yd D A S 03 B R TG I B 4R sh )
FEPI IR 23 S5 T8k B0 A FEREAT Oy, 5 R 0 i3
(0 SCHRAR— 30 5 o0 T SR 3 i) 45 JE S 4 R 2k i it
(] , SR FH B 32 SR AG I sh ) 76 1 5 R 24 b £
JERRAT N, 45 R AL /N BRUFE Hh e A 45 B 1 st ]
B gk ZE R RS BT8R S 2 /T A 3 KO R
4, $om N RS £ Bl ) A RS A i K TR A &
B S IE M BB I, PO S5 4
BIX— PR A AR , WA R S MR D0 b
EAMRE ",

c-fos J&—FPAEFE T 1E 5 Pl 2 41 i A% P 1) B Z1
TN BEDH | c-fos 192 3K 55 HhRX F 45 ol 405 5 1 95 )
NEAEYIRFR I 28 0] BN A 28 0T RE AL T
PR B N 2 2 T AR ok
JEULHRIE c-fos B FAMMAICATHES 5 T X Flil i
SRR BERE, BRI, ZRIBESHN
FFESR R BROE B A% | IR A% | e il 28 55 4% c-fos W3R
RN, TR LE R LRSS 6 h'Y HARER
JKZAAHLE , AA-2 h 2H AA-24 h ZHENIA AP ek -
fos P20 M A H 4 0 &34 3R A5 rh A% pp 22
TCALTFHEE RS, A KAMIL, AA-2 h 4,
AA-24 h HABYITEY 3 5 50 vh R0 A B REA T
X AT e S e 2t B O A e, 7D
E VAL FT , A YA BB BA R SR S
S BLPE RS 2 B RN BRI R L
JEAE R LA T AR U (RPN HI A
R, I R B Y5 T8 R g
TR G R R B T s A5 15 S B, 2L
AR R R 3 Rk v s p g AR,
9T F B c-fos F A HY 3 13 HY 3K 7K - 11 B AIK 7T
HHFLR DEE I, I LS 53T iR
T R IR 2R S N R /N BRUAG £E PR AR

139

TP AR R o O AT R T
HL TR FCSL ORI DU D8 5 T 25
i

SE A :

[1] Cao H,Gao YJ,Ren WH, et al.Activation of extracellular
signal-regulated kinase in the anterior cingulate cortex
contributes to the induction and expression of affective
pain[ J].J Neurosci,2009,29(10) ;:3307-3321.

[2] de CWA, Craig KD. Updating the definition of pain[J].
Pain,2016.

[3] Zhong XL, Wei R,Zhou P, et al.Activation of anterior cin-
gulate cortex extracellular signal-regulated kinase-1 and -2
(ERK1/2) regulates acetic acid-induced, pain-related
anxiety in adult female mice [ J ]. Acta Histochem Cyto-
chem,2012,45(4) :219-225.

[4] de la Puente B,Romero-Alejo E,Vela J M, et al.Changes
in saccharin preference behavior as a primary outcome to
evaluate pain and analgesia in acetic acid-induced
visceral pain in mice[ J].J Pain Res,2015,8:663-673.

[5] Jiang H,Fang D, Kong LY, et al.Sensitization of neurons
in the central nucleus of the amygdala via the decreased
GABAergic inhibition contributes to the development of
neuropathic pain-related anxiety-like behaviors in rats
[J].Mol Brain,2014,7:72.

[6] Ji G,LiZ,Neugebauer V.Reactive oxygen species mediate
visceral pain-related amygdala plasticity and behaviors
[J].Pain,2015,156(5) :825-836.

[7] Dimova V,Horn C, Parthum A, et al. Does severe acute
pain provoke lasting changes in attentional and emotional
mechanisms of pain-related processing A longitudinal
study[ J].Pain,2013,154(12) .2737-2744.

[8] Satyanarayana P S,Jain N K,Singh A, et al.Isobolographic
analysis of interaction between cyclooxygenase inhibitors
and tramadol in acetic acid-induced writhing in mice[ J].
Prog Neuropsychopharmacol Biol Psychiatry, 2004, 28
(4) :641-649.

[9] Yaksh C S A T.In Vivo studies on spinal opiate receptor
systems mediating antinociception. Il. pharmacological pro-
files suggesting a differential association of mu, delta and
kappa receptors with visceral chemical and cutaneous
thermal stimuli in the ratl [ J].J Pharmacol Exp Ther,
1984,228(1).

[10] skf=—m, 7% X, F =L LF MLt LHA

MR R RAMH A5 A B b B F ik ®al]].
3 33R,2015,46(1):20-24. (45 149 W)



P EFAFRE217THE3 AL A5 EE 2B

analysis of a prospective multicenter observational study
[J].Crit Care Med,2009,37(9) :2576-2582.

[8] Zarbock A, Gomez H, Kellum JA. Sepsis-induced acute
kidney injury revisited: pathophysiology, prevention and
future therapies|[ J |. Curr Opin Crit Care,2014,20(6) :
588-595.

[9] Gomez H,Ince C,De Backer D,et al. A unified theory of
sepsis-induced acute kidney injury: inflammation, micro-
circulatory dysfunction,bioenergetics,and the tubular cell
adaptation to injury[ J].Shock,2014,41(1) ;3-11.

[10] Kim H,Hur M, Cruz DN, et al.Plasma neutrophil gelati-

nase-associated lipocalin as a biomarker for acute kidney
injury in critically ill patients with suspected sepsis[ J].
Clin Biochem,2013,46(15) :1414-1418.

[11] Dai X,Zeng Z,Fu C,et al.Diagnostic value of neutrophil
gelatinase-associated lipocalin, cystatin C, and soluble
triggering receptor expressed on myeloid cells-1 in criti-
cally ill patients with sepsis-associated acute kidney
injury[ J].Crit Care,2015,19(1) :R223.

[12] Camou F,Oger S, Paroissin C, et al.Plasma Neutrophil
Gelatinase-Associated Lipocalin (NGAL) predicts acute
kidney injury in septic shock at ICU admission[ J].Ann
Fr Anesth Reanim,2013,32(3) :157-164.

[13] Srisawat N, Murugan R, Lee M, et al.Plasma neutrophil
gelatinase-associated lipocalin predicts recovery from
acute kidney injury following community-acquired pneu-
monia[ J ].Kidney Int,2011,80(5) :545-552.

[14]  Schilder L., Nurmohamed SA,ter Wee PM, et al. The

[17]

[20]

149

plasma level and biomarker value of neutrophil
gelatinase-associated lipocalin in critically ill patients
with acute kidney injury are not affected by continuous
venovenous hemofiltration and anticoagulation applied
[J].Crit Care,2014,18(2) :R78.
de Geus HR, Betjes MG, Bakker J.Neutrophil gelatinase-
associated lipocalin clearance during veno-venous contin-
uous renal replacement therapy in critically ill patients
[ J].Intensive Care Med,2010,36(12) :2156-2157.
Palevsky PM, Liu KD, Brophy PD, et al. KDOQI US com-
mentary on the 2012 KDIGO clinical practice guideline
for acute kidney injury[J].Am J Kidney Dis, 2013, 61
(5) :649-672.
Levy MM, Fink MP , Marshall JC,et al.2001 SCCM/ES-
ICM/ACCP/ATS/SIS International Sepsis Definitions
Conference[ J].Crit Care Med,2003,31(4) :1250-1256.
Vanmassenhove J, Glorieux G, Lameire N, et al.Influence
of severity of illness on neutrophil gelatinase-associated
lipocalin performance as a marker of acute kidney
injury :a prospective cohort study of patients with sepsis
[J].BMC Nephrol ,2015,16(1) :18.
Donadio C.Dialysis with high-flux membranes significantly
affects plasma levels of neutrophil gelatinase-associated
lipocalin[ J].Crit Care,2016,20(1) :20.
Simmons J, Pittet JF. The coagulopathy of acute sepsis
[ J].Curr Opin Anaesthesiol ,2015,28(2) ;:227-236.
(RS2t )

(L#&% 139 W)

[11] Two C,Zhang YL, Luo W, et al. Differential effects of
general anesthetics on anxiety-like behavior in formalin-
induced pain: involvement of ERK activation in the an-
terior cingulate cortex[ J |.Psychopharmacology (Berl) ,
2015,232(24) :4433-4444.

[12] Dai RP,Li C Q,Zhang J] W et al.Biphasic activation of ex-
tracellular signal-regulated kinase in anterior cingulate
cortex distinctly regulates the development of pain-related
anxiety and mechanical hypersensitivity in rats after
incision[ J ].Anesthesiology,2011,115(3) :604-613.

[13] Wang Z,Bradesi S,Maarek J M, et al.Regional brain ac-

tivation in conscious, nonrestrained rats in response to

[14]

noxious visceral stimulation [ J ]. Pain, 2008, 138 (1) :
233-243.
Sinniger V, Porcher C, Mouchet P, et al.c-fos and CRF
receptor gene transcription in the brain of acetic acid-in-
duced somato-visceral pain in rats[ J].Pain,2004,110
(3) :738-750.
Saunderson EA ,Spiers H,Mifsud KR et al.Stress-induced
gene expression and behavior are controlled by DNA
methylation and methyl donor availability in the dentate
gyrus [ J ]. Proc Nat Acad Sci USA, 2016, 113 (17);
4830-4835.

(AXp#t. FmE)



