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Here we studied whether and through which mechanisms spinal administration of histamine dihy-
drochloride (histamine) attenuates pain behavior in neuropathic animals. Experiments were performed
in rats with spinal nerve ligation-induced neuropathy and a chronic intrathecal catheter for spinal drug
delivery. Mechanical hypersensitivity was assessed with mono � laments while radiant heat was used for
assessing nociception. Ongoing neuropathic pain and its attenuation by histamine was assessed using
conditioned place-preference test. Following spinal administration, histamine at doses 0.1 –10 mg pro-
duced a dose-related mechanical antihypersensitivity effect. With prolonged treatment (twice daily 10 mg
for � ve days), the antihypersensitivity effect of spinal histamine was reduced. In place-preference test,
neuropathic animals preferred the chamber paired with histamine (10 mg). Histamine (10 mg) failed to
in � uence heat nociception in neuropathic animals or mechanically induced pain behavior in a group of
healthy control rats. Histamine-induced mechanical antihypersensitivity effect was prevented by spinal
pretreatment with zolantidine (histamine H 2 receptor antagonist), prazosine ( � 1-adrenoceptor antago-
nist) and bicuculline ( � -aminobutyric acid subtype A, GABA A, receptor antagonist), but not by pyrilamine
(histamine H 1 receptor antagonist), atipamezole ( � 2-adrenoceptor antagonist), or raclopride (dopamine
D2 receptor antagonist). A-960656, a histamine H 3 receptor antagonist alone that presumably increased
endogenous histamine levels reduced hypersensitivity. Additionally, histamine prevented central (pre-
sumably postsynaptically-induced) facilitation of hypersensitivity induced by N-methyl- D-aspartate. The
results indicate that spinal histamine at the dose range of 0.1 –10 mg selectively attenuates mechanical
hypersensitivity and ongoing pain in neuropathy. The spinal histamine-induced antihypersensitivity
effect involves histamine H 2 and GABAA receptors and (presumably neuropathy-induced) co-activation of
spinal � 1-adrenoceptors.

& 2015 Elsevier B.V. All rights reserved.
1. Introduction

The brain histaminergic system originating in the hypothalamic
tuberomammillary nucleus and acting on histamine H 1, H2, H3, or
H4 receptors is involved in regulation of multiple functions such as
sleep-waking cycle, energy and endocrine homeostasis, synaptic
plasticity and learning ( Haas et al., 2008; Panula et al., 2015). The
brain histaminergic innervation is also involved in central reg-
ulation of pain as suggested by the following � ndings. Histamine
has attenuated pain behavior following its administration in var-
ious brain areas including the somatosensory cortex ( Ta-
maddonfard and Hamzeh-Gooshchi, 2014 ), anterior cingulate
cortex ( Hamzeh-Gooshchi et al., 2015 ), hippocampus ( Erfanparast
et al., 2010), and the midbrain periaqueductal gray/dorsal raphe
rtovaara).
(Thoburn et al., 1994 ). In general, suppression of pain behavior in
these studies has been associated, although not invariably, with
activation of the supraspinal histamine H 2 receptor. In contrast,
intracerebroventricular administration of histamine H 1 receptor
agonists has facilitated pain behavior ( Farzin et al., 2002; Malm-
berg-Aiello et al., 1998 ). However, the direction of the histami-
nergic effect may depend on the dose, since the pain-modulatory
effect has been changed from pro- to antinociception with an in-
crease of the intracerebroventricularly administered histamine
(histamine dihydrochloride) dose from o 1 � g to 4 5 � g (Malm-
berg-Aiello et al., 1994 ).

Spinal dorsal horn that is among structures receiving histami-
nergic innervation from the hypothalamus ( Haas et al., 2008) is a
key relay for ascending pain signals and an important target for
descending pain modulatory pathways. A recent series of studies
has demonstrated that spinal administration of histamine at doses
800–1600 pmol ( � 0.3 � g) facilitates pain behavior in healthy
control animals ( Sakurada et al., 2002; Watanabe et al., 2008), due
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