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The Research Progress of Oxytocin in Pain Modulation Mechanism
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Abstract

or potential tissue damage. However, current clinical anti-nociceptive treatments are not satisfactory yet. Therefore,

Pain is an unpleasant subjective feeling and emotional experience associated with tissue damage

finding new strategies of pain treatment has become a hot and essential topic of pain research. In recent years,
oxytocin has been found to have analgesic effects on different types of pain via both central and peripheral mecha-
nisms. This article summarizes recent clinical and basic research advances and the associated regulatory mecha-
nisms of oxytocin in the pain therapy.

Keywords  oxytocin; pain; opioid peptide; oxytocin receptor; hypothalamus; spinal cord
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The possible mechanisms of the analgesic effect of oxytocin at the peripheral level: (1) Oxytocin binds oxytocin receptors and then activates the Ca>"/

nNOS/NO/K-ATP pathway, opens the K-ATP ion channel to elicit hyperpolarization of nociceptive neurons; (2) Oxytocin binds oxytocin receptors to

activate adenylyl cyclase (AC)-cAMP-PKA pathway and phosphorylate the P2X receptor; (3) Oxytocin regulates TRPV 1 receptors to facilitate Ca*" influx.
Bl fEF=REIMNEKFREBENLS

Fig.1 Analgesic mechanisms of oxytocin at the peripheral level
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A: AR B BRI FE R AL TR AE S LAT @R AN A B SORE S ASFICYR 50t N2F 4, ASHNCHE N AR Y45 T5 1 R 0 % 2 i
5 F, T R LI TR AT B0, I A X BT, dn i B(CCO). BTN FI(ACC). By IH(INS). A H(AMY)E . it 5 FATimER:
ACC. INSEAKAMY I AT sl 3K 3 A K 5T (PAG), PAG R AT WRE RS 5 28 18 i Sk i 5 P9 IU(RVM), RVM R AT 815 5 R i
Mo = RKIEMHMBAL: CCo AMY. PAG. NAc. RVM. Hfifi. TFHRMZ T (DRG) MW HAE N4, B: T = A (SON)HI= 3% (PVN)
AR TC oM “ 3. C: (EPAG. NACHIAHE, {7 3 al Bt i 5 B A RGHIHIER . D: ST, {7 208 i #E Ml PEGABARE 1]
PTG, BHIBTASFICET 4B biAe N o RIS IS 25 R IR BT 26 00, (R RE ZBR R, WS R e fil M GAB A (]9 28 5c, 328 17 BH T AS AN C 4T 4k
AN o MR LU B RCAR BT 22 TE BN A o B fhe = FAMHI CLAF A5, BELIBT FCA% 336 23 86 3 /3 Fl (WDR )M 22 76 1 3 55 1
S

A: the pathways of pain transmission and the regulatory sites of oxytocin. Ascending pain pathways: peripheral insult or inflammation activates Ad

C fiber

and C pain afferent fibers, AS and C afferent fibers transmit nociceptive sensation to the spinal dorsal horn, the spinal dorsal horn further transmit
nociceptive sensation via ascending spinothalamic tract, the thalamus then sends projections to multiple brain regions, such as cerebral cortex (CC),
anterior cingulate cortex (ACC), insula (INS) and amygdala (AMY). Descending pain pathways: CC, ACC, INS and AMY regulates the nociceptive
signals to the PAG, PAG regulates the signals to rostral ventromedial medulla (RVM), RVM regulates the signals to the spinal dorsal horn. The regu-
latory sites of Oxytocin, e.g. CC, AMY, PAG, RVM, nucleus accumbens (NAc), spinal cord, dorsal root ganglion (DRG) neurons and primary affer-
ent fibers. B: SON and PVN neurons secrete oxytocin. C: in PAG, NAc and the spinal cord, oxytocin reduces pain via regulating the opioid system.
D: in the spinal cord, oxytocin activates either the inhibitory GABAergic interneurons, or activates glutamatergic neurons releasing glutamate and
then excites downstream inhibitory GABA interneurons, therefore finally inhibits discharge of Ad and C fibers. Oxytocin also inhibits neuron excit-
ability in the substantia gelatinosa. E: oxytocin inhibits activity of C fibers and blocks their input transmission to spinal WDR (wide dynamic range)

E2 fE=RiEREILE

Fig.2 The analgesic mechanisms of oxytocin
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Table 1 The summary of OT’s analgesic mechanisms
i 2R AT AL REBA MR Y ST RIEME R IR SR
The regulatory sites  Existence of oxytociner-  Expression of OT recep-  The analgesic mechanism of OT References
of OT gic fibers tors
Spinal cord N N Associates with extracellular signal-related protein ~ [37]
kinase ERK1/2
Activates the inhibitory GABAergic interneurons [32]
to block Ad and C fibers
Promotes glutamate release, excites a large number  [33-34,46]
of inhibitory GABA interneurons, and blocks Ad
and C fiber
Regulates the opioid system [35]
Inhibits membrane excitability of substantia gelati-  [36]
nosa cells
PAG Regulates the opioid system [41]
AMY N N Reduces anxiety and depression to do indirect [43-44]
analgesia
NAc N Regulates the opioid system [45]
DRG X Activates cAMP-PKA pathway, increases intracel-  [23]
lular Ca* and reduces ATP-mediated currents in
DRG neurons
Activates PKC pathway and increases the intracel- [24]
lular calcium influx
Inhibits membrane depolarization and increases the  [25]
intracellular calcium influx
Activates Ca*' /nNOs/NO/K-ATP pathway and [26]
increases outward currents to induce membrane
hyperpolarization
Activates TRPV1 channel to promote Ca*" influx [27]
Skin X N Inhibits discharge of C fibers and blocks the input [28-29]

transmission to spinal WDR neurons
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S AR TR ME 7 3 F A 22 2T A 22 i v ) 455 3
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FARDIRE, ReAT BT B4 (Vo 46 2R 1 B0, A
TP AR LA IR 15 R 15k e B A L o
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