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Chronic neuropathic pain impairs passive stress-coping

ISHII Daisuke, SAITO Atsumi, MIYAGAWA Kazuya, TSUJI Minoru and TAKEDA Hiroshi
Abstract

Clinical evidence indicates that chronic pain, a most common physical symptom of cancer patient, induces psychiatric
disorders. Since painful signals are directly or indirectly transmitted to multiple cerebral cortices where regulate mental
conditions such as cingulate gyrus and amygdala, painful stimulation may affect the response to stress. The aim of the
present study was to clarify the influence of chronic pain on stress-coping using a forced swimming test in mice. We found
that chronic inflammatory pain induced by the injection of CFA did not alter stress-coping. On the other hand, chronic
neuropathic pain induced by partial sciatic nerve injury impaired passive coping in response to stress. Under these conditions,
there were no changes in general behavior and motor coordination estimated by open field test and rota-rod test, respectively.
Furthermore, acute neuropathic pain also did not influence stress-coping. These results indicated that chronic neuropathic
pain affects passive stress-coping in mice.

Keywords : stress coping, chronic neuropathic pain, chronic inflammatory pain, mice
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Fig. 1 Time-course changes in escape response on the von Frey test induced by partial sciatic nerve ligation or the
hot plate test induced by CFA injection in mice. Mice were tested in the 1-28 day after partial sciatic nerve ligation (A)
or CFA injection (B). Each point represents the mean with SEM of 10-11 mice. *p<<0.05, **p<{0.01, ***p<0.001
vs. Sham or SAL. ips: ipsilateral side, cont: contralateral side.
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Fig. 2 The effect of chronic pain induced by partial sciatic nerve ligation on immobility time in the

forced swimming test in mice. (A) The data represent the time-course changes of immobility time in
the forced swimming test (10 min) at 29 days after surgery. F; ;7;,=2.423, p=0.1361 vs. Sham. Each
point represents the mean immobility time for 1 min with SEM of 10-11 mice. (B-D) The data represent
the immobility time in total (B), first half (C) and second half (D) period of forced swimming test. Each
column represents the mean with SEM of 10-11 mice. *p<0.05, **p<C0.01 vs. Sham.
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Fig. 3 The effect of acute pain induced by partial sciatic nerve ligation on the immobility time in the
forced swimming test in mice. (A) The data represent the time-course changes of immobility time in the
forced swimming test (10 min) at 1 day after surgery. F; 135,=1.736, p=0.2074 vs. Sham. Each point
represents the mean immobility time for 1 min with SEM of 8-9 mice. (B-D) The data represent the
immobility time in total (B) , first half (C) and second half (D) period of forced swimming test. Each
column represents the mean with SEM of 8-9 mice.
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Fig. 4 The effect of chronic inflammatory pain induced by CFA injection on the immobility time in the
forced swimming test in mice. (A) The data represent the time-course changes of immobility time in the
forced swimming test (10 min) at 29 days after CFA injection. F; 5, =0.246, p=0.6261 vs. SAL. Each
point represents the mean immobility time for 1 min with SEM of 10 mice. (B-D) The data represent
the immobility time in total (B) , first half (C) and second half (D) period of forced swimming test. Each
column represents the mean with SEM of 10 mice.
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Fig. 5 Effect of chronic partial sciatic nerve injury and inflammatory pain on the motor coodination of

mice in the rota-rod test. Each mouse was placed on the rod for 1 min and subsequently moved forward at

5 rpm rotating rod for 5 min at the 15 days after ligation or injection. Upper: Analysis of the nerve ligated-
mice. Lower: Analysis of the mice injected with CFA. The number of falling (A, C) and the latency to fall
(B, D) from a rotating rod were scored. Each column represents the mean with SEM of 10-11 mice.
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Fig. 6 The effect of chronic pain induced by partial sciatic nerve ligation or chronic inflammatory pain

induced by CFA injection on the general behaviors of mice in the open-field test. The behavior of each mouse

in the open field was recorded for 5 min at the 32 days after ligation or injection. Upper four panels: Analysis

of the nerve ligated-mice. Lower four panels: Analysis of the mice injected with CFA. The moving distance
(A, E) , the percentage of time spent in central area (B, F) , the rearing count (C, G) and duration (D, H) were
scored. Each column represents the mean with SEM of 10-11 mice.

Wi TIEMEAL L7232 7 0 27 ) 712 P2X, 2K H5 8
O <t iy e A = I )
HWIET7 A MO A koSl &7z ATP 28 P2X, 5%

RIZEBL, —RIEREAEE

BREHMT AL TTOT 1 =7 DEREND D,
ZD &) RBRIE CFA &4 5 L 72 SIEMIEH £ 7V

Ty FPTIEBEDOLNL W LR EEINL TS,

E3



GRS N

7z, oL TR, BEEEF P 7 AT YA LD
12TH5Navl 8 BHEIL T EHEEZHE=2—1
YEVITITHERTHRET L L, BEWEKG %D
R BULRET T 5 A%, FFEREE B O BB
EZIRVIEAIRENTVET. Zhs0MAIE,
RARETEIE TG & LR EVERIE CIIB 53 % A Bk O
RblEaRBLTBY, O EPEROMHEIC
DA MLV AIREIZERNP A U HERTH 5H ] RENES
EzbND.

SRR K HER T, EBYRETI S —RATEI D ZEALDS,
WENTENC HEERE AL LN T VDS, ZD72
B, MR EEBURE TV Y 2 H b VTSN
MBS E TN~ 7 AOEB LS L O — BT
OWT, Ththu—suy FEBB IO+ — 7>
T A=V FRBICEVWRET L7z, &b, ThehofT
BEHEA2SA L AR E 2 ), BIOFHR T Ok
RIEEE RIS WES, o—5 oy FaRBRIZER
MEOZEAPIRKENISHEKE, =7 74—V F
SHERILGRFIK KGR S 72 B 221 TiT o 72, Z %G
B WBEMHEBET VYT 2B W, EEhiiRtks
L O—BATENZALITRRO SN oz, ThHbD
LG, SREIKIKERERIC B\ TR R S IS R T
TN AHIR LIATRYZALIE, EBRET) R — K ATE
OZEALICEKNT L0 Tidz <, A L ARIBISRS
LRI —E L TORFIZLIDbDEEZ LN,

V.

PLE, RWFE T, MR SRR & SIS
PSR, APLAI—E U7 LT, FRENE
LG BEERIITIESHL N E o7 F72, M
BEEREFORTH, ML BERETIEA ML A
IV I RITTHENRR Y, AMEs RS
REv) BELEEHY BT L, BWEIES
D QOL %%F L {H% ) WML H 2 2 L 2EAMNT S
MRS NT. Sk, MEREEERIER & SR
BYHERAA P L AT — ¥ 7 RIZTHEDRNR
ZDAHZALIZOWT, SHIZFHI ARG #0 2
CEPRLETHDLLDOD, FABETRD LD HHE

5521% 15 (2016)

DA DL AITRKNS 2 HMEEO Tz, R 5
DR T THEETHDLEZEZHND.
5T R EFIERAE UL v,

SCHR

1) Derogatis LR, Morrow GR, Fetting J, et al. The prevalence of
psychiatric disorders among cancer patient. JAMA 1983; 249:
751-757

2) Akechi T, Nakano T, Okamura H, et al. Psychiatric disorders
in cancer patients: descriptive analysis of 1721 psychiatric
referrals at two Japanese cancer center hospitals. Jpn. J. Clin.
Oncol. 2001; 31: 188-194

3) Zech DF, Grond S, Lynch J, et al. Validation of World Health
Organization Guidelines for cancer pain relief: a 10-year
prospective study. Pain 1995; 63: 65-76

4) Talbot JD, Marrett S, Evans AC, et al. Multiple representations of
pain in human cerebral cortex. Science 1991; 251: 1355-1358

5) MAHEKRRE, NI L. A EHRIRERER— R 5K
Ji BB £ T, YAKUGAKU ZASSHI 2003; 123: 533-546

6) Bester H, Besson JM, Bernard JF. Organization of efferent
projections from the parabrachial area to the hypothalamus: a
phaseolus vulgaris-leucoagglutinin study in the rat. J. Comp.
Neurol. 1997; 383: 245-281

7) Bourgeais L, Gauriau C, Bernard JF. Projections from the
nociceptive area of the central nucleus of the amygdala to the
forebrain: a PHA-L study in the rat. Eur. J. Neurosci. 2001;
14: 229-255

8) Narita M, Kaneko C, Miyoshi K, et al. Chronic pain induces
anxiety with concomitant changes in opioidergic function in the
amygdala. Neuropsychopharmacology 2006; 31: 739-750

9) Shir Y, Selzer Z. A-fibers mediate mechanical hyperesthesia
and allodynia and C-fibers mediate thermal hyperalgesia in a
new model of causalgiform pain disorders in rats. Neurosci. Lett.
1990; 115: 62-67

10) Ohsawa M, Narita M, Mizoguchi H, et al. Involvement of
spinal protein kinase C in thermal hyperalgesia evoked by
partial sciatic nerve ligation, but not by inflammation in the
mouse. Eur. J. Pharmacol. 2000; 403: 81-85.

11) Ebner K, Singewald GM, Whittle N, et al. Neurokinin 1 recep-
tor antagonism promotes active stress coping via enhanced septal
5-HT transmission. Neuropsychopharmacology 2008; 33:
1929-1941

12) Singewald GM, Rjabokon A, Singewald N, et al. The modula-
tory role of the lateral septum on neuroendocrine and behavioral
stress responses. Neuropsychopharmacology 2011; 36: 793-804

13) Narita M, Kuzumaki N, Narita M, et al. Chronic pain-induced
emotional dysfunction is associated with astrogliosis due to
cortical delta-opioid receptor dysfunction. J. Neurochem.
2006; 97: 1369-1378

14) Andolina D, Maran D, Valzania A, et al. Prefrontal/amygdalar
system determines stress coping behavior through 5-HT/GABA
connection. Neuropsychopharmacology 2013; 38: 2057-2067

15) Bennett MI, Smith BH, Torrance N, et al. Can pain can be more
or less neuropathic? Comparison of symptom assessment tools
with ratings of certainty by clinicians. Pain 2006; 122: 280-294.

16) Tsuda M, Sigemoto-Mogami Y, Koizumi S. P2X, receptors
induced in spinal microglia gata tactile allodynia after nerve
injury. Nature 2003; 424: 778-783

17) Abrahamsen B, Zhao J, Asante CO, et al. The cell and
molecular basis of mechanical, cold, and inflammatory pain.
Science 2008; 321: 702-705



