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Role of Sigma Receptor and Neurosteroids in Pain Sensation
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Abstract

The sigma-1 receptor has recently been implicated
in a myriad of cellular functions and biological
processes, Previous studies have demonstrated
that the spinal sigma-1 receptor plays a pro-no-
ciceptive role in acute pain and that the direct ac-
tivation of sigma-1 receptor enhances the noci-
ceptive response to peripheral stimuli, which is
closely associated with calcium-dependent se-
cond messenger cascades including protein kinase
C (PKC). In addition, the activation of sigma-1 re-
ceptor increases PKC- and protein kinase alpha
(PKA)-dependent phosphorylation of the N-Methyl-
D-aspartate (NMDA) receptor in the spinal cord,
which results in the potentiation of intrathecal
NMDA-evoked spontaneous pain behavior, More-
over, the blockade of spinal sigma-1 receptor
suppresses the development of neuropathic pain
and blocks the increase of phosphorylation of

extracellular signal-regulated kinase (ERK) as well
as pNR1 in the spinal cord, Recently, it was also
reported that spinal neurosteroids such as preg-
nenolone and dehydroepiandrosterone sulfate,
which are recognized as endogenous ligands for
sigma-1 receptor, could produce mechanical hyper-
sensitivity via sigma-1 receptor-mediated increase
of pNR1, Collectively, these findings demonstrate
that the activation of spinal sigma-1 receptor or the
increase of neurosteroids is closely associated with
the acute pain sensation or the development of
chronic pain, and imply that sigma-1 receptor can
be a new potential target for the development of
analgesics,
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(partial sciatic nerve injury)-& o]-8-3 5E2g oA wild-

typesEIA = B3 o|AF 2 W7} o]FF(cold allo-
dynia)o] A= A9k A|2r}-1 48] knockout mice ol A]
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Table 1. Effect of Specific Drugs for Sigma-1 Receptor in Acute and Chronic Pain Animal Models

Behavioral Experimental Agonist Antagonist
Models Effect Drug Effect
Opioid-mediated tail-flick test (+)-pentazocine Inhibition Haloperidol Enhancement
analgesia +)-MR200
9
Mechanical
Von Frey test ,I
PRE-084 allodynia BD1047 Reversion of the
Carbetapentane  Thermal effects ofagonist
Normal Plantar test .
animals hyperalgesia
+)- t i
Nociceptive flexor SS A)\ 4p5eon3azocme Nociception NE-100 Reversion of the
response test (+)-3-PPP BD-1063 effects of agonist
Haloperidol Antinociception
. . BD-1047
Formalin-induced pain BMY-14802
a-knockout
NMDA-induced pain PRE-084 Facilitation BD-1047 Reversion of the
Pain Carbetapentane effects of agonist
perception Acute pain BD-1063 Inhibition of
and models Capsaicin-induced pain BD-1047 mechanical
development P P NE-100 hypersensitivity
*-knockout
Paw-oinch test PRE-084 Potentiation of BD-1047 Reversion of the
P Carbetapentane Fos expression effects of agonist
Capsaicin-induced Decrease of
headache BD-1047 Fos expression
Reversion of - .
BD-1047 Inhibition of mechanical
sciatic nerve chronic PRE-084 the effe.cts of (D0-D5) allodynia
Chronic constriction injury antagonist
pain BD-1047
No effect
models (D15-D20) o eftec
partial sciatic nerve injury s knockout Inhibition of mechanical

and cold allodynia
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Fig. 1. Possible mechanism for the action of sigma-1 receptor in pain sensation. NS,

neurosteroids.
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DHEAZ} o}7]8k= NR1 subunit®] ¢4k} =71 9 NMDA
w714 54 TE A} lE GABA, 8171 #olEo] ¢l
2 AL, A amk-1 FgA o SJaiAnt w7l go] A=
t}” o] A5 H5 ) DHEASY] 3712 e

T oM T34 A B E A E5Y 34 *11

q

wh1 54417 F5 49 ATL FAeka 9 A

85 oA A2 2ol Ee] %
Progesteroneﬂ]/\i gt neurosteroid?l Salpha-dihy-
droprogesterone®}  3alpha,5alpha-tetrahydroprogeste-
rone< vincristine chemotherapy®] ¢J&j of7] €& A173
WS 554 WA AAT & Ygol FAHAL B
o] 9|3t = progesterones HHE F-olst & wf, A4 &40
B op7|He T34 A FTA T35 0l ZAdHH, NMDAT
-4 subunits?] 54 Z7}9} PKC y mRNA ¢] Z717} 94|
ki dEA 9Iet” B gk opje} w4k rat dorsal root
ganglion N A Eol| A progesterone?] 2|7} ATP7} of
718} transient currentsS F4£38] SA3H= Ao] B 5

Table 2. Effect of Neurosteroids in Acute and Chronic Pain Animal Models

Behavioral

Animal models .
experimental models

Neurosteroids

Effect Related receptors

NMDA-induced pain

DHEAS
Von Frey test

Nociception ¢ 1 Receptor

¢ 1 Receptor

Mechanical allodynia
! yni GABAa receptor

Normal animals

Von Frey test DHEA

No effect ¢ 1 Receptor

DHEA + bicuculline
(GABAA receptor antagonist) similar to that of DHEAS

Mechanical allodynia ¢ 1 Receptor

GABAa receptor

Von Frey test

Inhibition of mechanical allodynia

Spinal cord injury progesterone

Plantar test Inhibition of cold allodynia
vincristine Von Frey test 5a-DHP Inhibition of mechanical allodynia
chemotherapy-induced 3a.5a-THP

painful neuropathy Plantar test

Inhibition of thermal hyperalgesia

DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone sulfate; 5a-DHP, 5a-dihydroprogesterone; 3a,5a-THP, 3a,5a-

tetrahydroprogesterone
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S olgat AT AAEL progesteroned EahE A
E| RolEv} theFet Y Tl IEE TS UEHE &
IR ‘ﬂ 29 AEH 7| ol P2X 7 EA ¢ 22 TS HE 7]
A2k 33 Aol Yag HolETh wEkA] oY
& Nﬁ*ﬂl;olt«l Ag e a8 AR 71 A7
T Al 2mt-1 87 9k A5 A8 AT 2 4 Thaket
Fe o W TS S AT F e ZAIAE =SS T 9
< Ao 2 7|g A}, Table 2& 21
R TSl vl s 9okt

% Ea = Rl B g L
Zo|t}(Table 2).

4 B

ATHA &5 FH 2 A5
559 FAH FA A Alant-1 74 2
=9 Ao thal] AHE kT FF ol *llﬂ} 1
J8h& PLC-IP3-PKC signaling& 53 A|E U Ca™ & T7}
Al713L, rob7} NMDA 484 9 nNOS Q14HsE 243k e
ZH o] Fo]Zt} B ut o}fg} ERKS} 2-& MAPK ] 914k}
Z2AS T8 T8 22 AL oIT RN EElA o)d
T3 2 B e oM o] v FF F Aol 7] odstaL 9l
a2 & ok B3 o] HE Alank-1 #4A1¢ dTe v
A E% 34 270 FE o] FoAAH, T FF i 7
of dojub= Al ant-1 83 9] 7] ol thgt A7+ o 718
wlojo} & Ao 2 A7HErt DHEASS} 22 A7 2H 29
T Aol Alant-1 #8A|9 #dsto] NBHSA $F5
3 22 HAA T T I T 9TS EeiH, o]
9} ¥ 2 progesteroned} T2 AAAH Zo|=2] Foj=
UG 255 oP|E F &0l B2 FE AFHJe =2 A
2H 2ol =9 H3tat &4E 2A-ste dofshe AT
2 e g A7-e Al amk-1 F&A 2kl Al o
S ARAR] AFE WA S5l gk A28 JEA i E
A5719 7o) 8% A0 2 Atz Hrt,
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