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Abstract 

We characterised the effect of a novel selective histamine H1 receptor 

antagonist, (R)–1-(3-(10,11-dihydro-5H-dibenzo [a,d] cyclohepten-5-ylidene)-

1-propyl)-3-piperidine carboxylic acid (ReN-1869) on the responses of dorsal 

horn neurones in anaesthetized rats after carrageenan induced-inflammation 

and peripheral neuropathy (L5/6 spinal nerve ligation; SNL).  ReN-1869 was 

administered systemically (0.1 - 4mg/kg) and drug effects were assessed 

using a wide range of peripheral electrical and natural stimuli (brush, von Frey 

filaments, heat). Comparisons were made between unoperated naïve groups 

and either carrageenan inflamed or SNL rats.   

ReN-1869 produced little effect on the electrically evoked responses (wind-up, 

Aβ-, Aδ-and C-fibre evoked responses), however significantly attenuated 

neuronal responses to noxious heat in carrageenan and SNL rats. A robust 

effect was seen with the low threshold mechanical punctate (von Frey 9g) 

stimuli, which were selectively inhibited by ReN-1869 after tissue and nerve 

injury. These inhibitory actions were in marked contrast to the naïve animal 

group, where only non-significant effects were observed. To investigate 

whether the actions of ReN-1869 are mediated via the antagonism of 

histamine H1 receptors, the effects of this novel compound were compared to 

that of another H1 receptor antagonist, mepyramine (1-20mg/kg).  Systemic 

mepyramine produced strong inhibitions of the 9g von Frey evoked responses 

in carrageenan and SNL rats. The similar pharmacological profile of these two 

compounds suggests for a similar mechanism of action.  We propose that 

ReN-1869 may represent a novel agent for the treatment of certain modalities 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on February 26, 2004 as DOI: 10.1124/jpet.103.063511

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET # 63511 

 4

of persistent pain states, in particular for the treatment of mechanical 

allodynia.    
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Despite the identification of a number of novel potential targets for the control 

of pain, the number of new analgesics that have been introduced into clinical 

practice remains low.  This in turn means that patients have many symptoms 

associated with pathophysiological pains following tissue and nerve injury 

(Suzuki and Dickenson, 2000) which include spontaneous pain, hyperalgesia 

(enhanced pain to a given noxious stimulus) and allodynia, whereby normally 

innocuous stimuli such as touch or cold now evoke pain. Allodynia is 

particularly distressing for the patient and is often difficult to control.  In 

addition, certain pain conditions involving neural injuries (e.g. postherpetic 

neuralgia, PHN) can produce neuropathic itch, alongside or instead of pain 

(Oaklander et al., 2003). Although data is still lacking regarding the 

prevalence and underlying causes of this condition, it can have a debilitating 

impact in some patients and furthermore, pose a challenge in the clinic since it 

is often resistant to currently available treatments.   

 

Histamine is a long established chemical mediator of inflammation, 

anaphylaxis and various allergic conditions (Rumore and Schlichting, 1985). 

Physiologically, peripheral injection of histamine into the skin causes 

excitation of polymodal nociceptors producing an itch sensation (Simone et 

al., 1987, Heyer et al., 1997).  Andrew and Craig (2001) identified a population 

of spinothalamic lamina I neurones in the cat which displays unique sensitivity 

to histamine, but not to mechanical or thermal stimuli, suggesting the 

presence of a distinct central neural pathway for itch (Andrew and Craig, 

2001).  Following pathophysiological conditions, however, these specific itch 

pathways can convert to pain, resulting in an abnormal processing of itch.  In 
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patients with PHN, activation of itch-specific fibres by cutaneous injection of 

histamine induces spontaneous burning pain, an effect which was proposed to 

result from an aberrant expression of histamine receptors on irritable 

nociceptors (Baron et al., 2001).  The proximity between mast cells, peripheral 

vasculature and sensory C-fibres and the finding that nerve growth factor may 

contribute to pain via histamine release (Shu and Mendell, 1999), suggest that 

a reappraisal of this mediator is required.  

 

Histamine H1 receptors are localized in the superficial dorsal horn (Ninkovic et 

al., 1982, Seybold, 1985) where they appear to be predominantly localized on 

the terminals of small diameter primary afferents (Kashiba, et al., 1999 

Ninkovic and Hunt, 1985).  Histamine can hence act as a neurotransmitter 

and several studies suggest a role of the histaminergic system in nociception 

(Raffa, 2001).  Recently, this was substantiated by the observation that 

histamine H1 receptor knock out mice showed decreased sensitivity to 

nociceptive stimuli (Mobarakeh et al., 2000).  Antinociception by different 

classes of histamine H1 receptor antagonists has been documented in 

animals and man.  Recently the tricyclic compound ((R) -1- (3-(10,11-dihydro-

5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-propyl)-3-piperidine carboxylic acid) 

(ReN-1869), a novel selective H1 receptor antagonist, has been developed for 

analgesic. ReN-1869 displays high affinity to the histamine H1 receptor, and 

low affinity to the non-selective σ site (Olsen et al., 2002).  It is an effective 

antinociceptive compound in various tests of chemical nociception in rodents 

(formalin, capsaicin, writhing) but has no effect in acute thermal tests (hot 

plate and tail flick) purposes (Olsen et al., 2002).  
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Based on this behavioural evidence we have investigated, for the first time, 

the effects of ReN-1869 in models of tissue and nerve injury using in vivo 

electrophysiology.  We have assessed the effects of systemic ReN-1869 on a 

large number of evoked neuronal responses, in particular, on mechanical 

evoked responses since these have not been previously investigated.  In 

addition, the pharmacological profile of this novel compound was compared to 

that of another H1 receptor antagonist, mepyramine.  The two antagonists 

displayed similar actions across all animal groups, suggesting for a similar 

mechanism of action, which are likely to be mediated through central H1 

receptors.  Remarkably, both ReN-1869 and mepyramine were highly 

effective against the low intensity static mechanical evoked responses of 

neurones following acute inflammation and more persistent neuropathy.  

These state-dependent actions of the drug warrant further investigations in 

humans. 
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Methods 

A total of 49 male rats (Sprague-Dawley, Central Biological Services, 

University College London, UK) were employed for this study.  All 

experimental procedures were approved by the UK Home Office and follow 

the guidelines under the International Association for the Study of Pain 

(Zimmermann, 1983).  For the selective SNL model of neuropathy, animals 

were prepared 2 weeks prior to the electrophysiological studies.  

 

Surgical procedures for selective (L5/6) spinal nerve ligation 

Neuropathic surgery was carried out on 12 male SD rats (130-250g) as 

previously described (Kim and Chung, 1992).  Briefly, the left L5 and L6 spinal 

nerves were isolated and tightly ligated with 6-0 silk thread under halothane 

anaesthesia (50% O2: 50% N2O).  Haemostasis was confirmed and the wound 

was sutured.   

 

After surgery, the foot posture and general behaviour of the operated rats 

were monitored throughout the postoperative period.  Behavioural testing was 

carried out 1 day before surgery and also postoperatively on days 7 and 14 to 

confirm the success of the surgery.  Rats were placed in transparent perspex 

cubicles on a mesh floor following which a period of acclimatization (>15 

minutes) was allowed prior to testing.  Mechanical sensitivity was assessed 

through the measurement of foot withdrawal frequencies to a series of 

calibrated von Frey filament (1 ~ 9g) applied to the plantar surface of the foot.  

A single trial of stimuli consisted of repeated application of a von Frey filament 

ten times onto the ipsilateral and contralateral hindpaw, each application not 
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lasting for more than 3 seconds.  The occurrence of foot withdrawal for each 

trial was quantified and expressed as: difference score = (no. withdrawal 

responses on the contralateral hindpaw) – (no. withdrawal responses on 

ipsilateral hindpaw).  

 

Electrophysiological studies 

Two weeks after surgery, the operated rats were used for the subsequent 

electrophysiological study following procedures previously described (Suzuki 

et al., 1999). A second group of animals (200-250g; n=17) was also employed 

for the carrageenan study.  In these animals, inflammation was induced by an 

intraplantar injection of 2% carrageenan (100µl) into the ipsilateral hindpaw.  

In a third animal group (200-250g; n=14), animals received no inflammation or 

nerve injury, and were used as a naïve unoperated control group.  

 

Anaesthesia was induced with 2.0-2.5 % halothane (66% N2O and 33% O2) 

and animals were placed in a stereotaxic frame. A laminectomy was 

performed to expose the spinal cord at L1-3 vertebral level and extracellular 

recordings were made from ipsilateral wide dynamic range (WDR) neurones 

(lamina V-VI) using parylene coated tungsten electrodes (A-M Systems, 

USA).  One neurone was recorded from each animal and each animal 

received a single pharmacological treatment (ReN-1869 / mepyramine / 

saline).   All neurones employed in the study had defined receptive fields in 

the toe regions of the hindpaw.  
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A train of sixteen transcutaneous electrical stimuli (2ms wide pulses, 0.5 Hz) 

was applied at three times the threshold current for C-fibres via 2 stimulating 

needles inserted into the receptive field of the hindpaw.  A post-stimulus 

histogram was subsequently constructed and Aβ-(0-20ms), Aδ- (20-90ms) 

and C-fibre (90-300ms) evoked neuronal responses were separated and 

quantified on the basis of latency.  Neuronal responses occurring after the C-

fibre latency band was taken to be the postdischarge of the cell (300-800ms).  

Wind-up was calculated as: windup = total number of action potentials evoked 

after the train of 16 electrical stimuli – (no. of action potentials produced after 

the first stimulus x 16).  The peripheral neuronal receptive field was also 

stimulated using a range of noxious and innocuous natural stimuli (brush, von 

Frey filaments and heat 45oC) over a period of 10 seconds.  Brush stimulus 

was applied by gently stroking the hindpaw every second for a period of 10 

seconds.  Heat was applied with a constant water jet onto the centre of the 

receptive field (Suzuki et al., 1999). The response of the neurone to 32oC was 

additionally characterised to assess the mechanical component of the water 

jet.  Heat response was calculated as: (neuronal response to 45oC water jet) – 

(neuronal response to 32oC).  Data was captured and analysed by a CED 

(Cambridge Electronic Design) 1401 interface coupled to a Pentium computer 

with Spike 2 software (Post Stimulus Time Histogram (PSTH) and rate 

functions).   

 

Drug Administration 

Each animal received a treatment of either ReN-1869 (ReNeuron, UK) or 

mepyramine (Sigma, UK). Both H1 receptor antagonists were dissolved in 
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0.9% saline.  Comparisons were made on drug effects after nerve injury or 

carrageenan inflammation against unoperated naïve animals.  Prior to drug 

administration, stable control responses to electrical and selected natural 

stimuli were established.  Tests for electrical stimulation were firstly conducted 

at 3 times the threshold current for C-fibres.  Natural stimuli were 

subsequently applied in the following order: brush, von Frey 9 grams, von 

Frey 75 grams and heat.  Each stimulus was applied for a period of 10 

seconds and was separated by an interval of approximately 7-10 seconds. In 

the carrageenan-inflamed animal group, rats were injected with carrageenan 3 

hours prior to pharmacological studies, and paw oedema reached a peak after 

2.5 – 3 hours.  Drug effects (H1 receptor antagonist or vehicle) were assessed 

after 3- 4 hours when inflammation had fully developed.  The response of the 

neurone to electrical and natural stimuli was followed at 10 minute intervals, 

and the three readings immediately prior to drug administration were used as 

controls for the subsequent drug effect.   

 

Animals were administered cumulative doses of ReN-1869 (0.1, 1, 4 mg/kg) 

and mepyramine (1, 5 and 20mg/kg) through subcutaneous injections (in 

volume of 0.25ml) applied to the scruff of the neck.  The effect of the drug was 

followed over a time course of 60 minutes per dose and tests were carried out 

at 10 minute intervals.  In a separate animal group, vehicle (saline 0.9%) 

effects were assessed in a total of 6 animals (n=3 naïve, n=3 carrageenan 

inflamed) over the same time course to that used for the H1 receptor 

antagonists.  Animals were given multiple subcutaneous injections of saline (a 
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total of 3 doses) and its effect followed for 60 minutes per dose as described 

above.  

 

Drug effects were assessed by calculating the mean effect of the drug 

(expressed as % inhibition) at each dose.  % inhibition = 100-[(response at x 

minutes post-drug) / (pre-drug control value) x 100].  100% implies a complete 

abolition of the responses, whilst a negative value implies a facilitation.  

‘Maximum % inhibition’ indicates the maximum drug effect obtained with ReN-

1869 / mepyramine within the dose range employed in the study.  

 

Statistical Analysis 

Data are presented as mean ± standard error of mean (S.E.M.) unless stated 

otherwise.  Drug effects are expressed as mean maximal percentage of the 

pre-drug control value.  Statistical analysis was performed using Statistical 

Package for the Social Sciences (SPSS).  Drug effects in a single animal 

group were analysed using one way Analysis of Variance (ANOVA) with 

Dunnett’s post hoc test, whilst two way ANOVA with repeated measures was 

used for comparison of drug effects between animal groups. Level of 

significance was taken to be * p< 0.05. 
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Results 

Spinal nerve ligation produces mechanical allodynia of the ipsilateral 

hindpaw (Fig.1) 

Following surgery, rats maintained good health, exhibiting normal weight gain 

and general level of activity with no signs of distress.  SNL rats exhibited 

guarding behaviour of the ipsilateral hindpaw and all animals displayed 

behavioural signs of mechanical allodynia (Fig. 1).  After surgery, rats showed 

aversive behaviours to the application of normally innocuous mechanical 

punctate stimuli (von Frey filaments 1 and 9 grams) and the withdrawal 

frequency was significantly enhanced after nerve injury compared to pre-

surgical values (von Frey 1g: F2,29=40.3, p<0.0001; von Frey 9g: F2,29=106.3, 

p<0.0001).  In contrast, the contralateral hindpaw of SNL rats did not develop 

modified mechanical sensitivity throughout the behavioural testing period. 

 

In vivo electrophysiology 

Table 1 shows the cell depth, neuronal threshold and pre-drug control 

responses of spinal neurones prior to drug administration.  Spinal neurones 

employed in the study were of similar depths (between 600-800µm) from the 

surface of the spinal cord, corresponding to lamina V-VI.  Likewise, the 

baseline C-fibre thresholds and pre-drug control responses to electrical and 

natural stimuli were comparable in all animal groups. These near identical 

baselines allow the effects of ReN-1869 and mepyramine to be compared in 

the three animal groups.   
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Systemic ReN-1869 administration produces no effect on the electrical 

evoked responses of spinal neurones (Fig.2) 

 

Systemic ReN-1869 administration produced only minor effects on the 

electrically evoked responses of spinal neurones in naïve, carrageenan and 

SNL rats.  Following peripheral nerve injury, there was a tendency for a shift in 

the dose response curve of the Aδ-fibre evoked responses (p>0.05, Fig. 2A).  

Neither the wind-up, Aβ-fibre or C-fibre evoked responses were significantly 

altered by systemic ReN-1869 administration (Figs. 2B-D).  

 

Systemic saline injection produced little or no effect on any electrical neuronal 

measure in either naïve or carrageenan injected animals.  Vehicle effects 

were identical in the two animal groups, hence the results were pooled for 

analysis.   

 

ReN-1869 produces selective inhibitions of the natural evoked 

responses after inflammation and peripheral nerve injury (Fig.3) 

 

In complete contrast to the relatively minor effects seen on the electrically 

evoked responses, neuronal responses evoked by innocuous mechanical 

punctate stimuli (von Frey 9g) were robustly inhibited by ReN-1869 after 

peripheral tissue and nerve injury (Fig. 3A). These low intensity mechanical 

evoked responses were markedly inhibited following systemic ReN-1869 

administration in carrageenan inflamed (F3,39=4.62, p=0.008) and SNL rats 

(F3,23=10.5, p<0.0001). Peak drug effects were observed between 30-50 
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minutes (mean effect 40 ± 4 minutes). In total contrast, the same responses 

were generally facilitated (p>0.05) by ReN-1869 administration in the absence 

of tissue or nerve injury.  Vehicle injection similarly produced no effect on the 

9g von Frey evoked responses even after carrageenan inflammation, 

suggesting for an injury-specific action of the drug on these low threshold 

responses.  Drug effects of ReN-1869 were significantly enhanced after 

inflammation (F1,14=4.4, p=0.05) and nerve injury (F1,10=7.7, p=0.02), 

compared to naïve controls.  Similarly, the inhibitory actions of ReN-1869 on 

9g von Frey evoked responses were significantly different from vehicle effects 

in both carrageenan (F1,13=5.0 p=0.04) and SNL animals (F1,10=6.6 p=0.03).  

 

The marked shift in the dose response curve seen with von Frey 9g after 

inflammation and nerve injury was not observed with the higher intensity 

stimulus, von Frey 75g (Fig. 3B).  The inhibitions produced by ReN-1869 on 

these noxious mechanical punctate evoked responses were overall smaller 

(<50% inhibition of pre-drug responses) compared to those seen with von 

Frey 9g, and drug effects did not differ between naïve controls and tissue / 

nerve injured animals.  Saline vehicle injection was without effect on these 

noxious mechanical evoked responses, and vehicle effects were significantly 

different to those produced by ReN-1869 in SNL rats (F1,10=5.1 p=0.047).  

 

Systemically administered ReN-1869 produced significant attenuation of 

neuronal responses to noxious heat in carrageenan injected (F3,36=2.8, 

p=0.05) and SNL rats (F3,23=7.2, p=0.002).  These inhibitory actions were 

present only after tissue / nerve injury and were not observed in the naïve 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on February 26, 2004 as DOI: 10.1124/jpet.103.063511

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET # 63511 

 16

animal group (p>0.05) at any dose employed in the present study (Fig. 3C).  

Vehicle saline injection was completely without effect on the responses to 

noxious heat.   

ReN-1869 produced a greater inhibition of the heat evoked response after 

nerve injury compared to naïve controls (F1,10=5.8, p=0.04). Furthermore, the 

actions of ReN-1869 in SNL rats were significantly different compared to 

saline vehicle effects (F1,10=5.1 p=0.047). 

 

In complete contrast to the inhibitory actions observed with mechanical 

punctate stimuli and heat, ReN-1869 produced no effect on spinal neuronal 

responses to the brush stimulus in any animal group (p>0.05, Fig. 3D), further 

supporting the modality-specific nature of the drug action produced by this 

antagonist.  Vehicle injection similarly produced no effect on the brush evoked 

responses.  

 

Systemic mepyramine produces little effect on the electrical evoked 

responses of spinal neurones 

 

The antinociceptive profile of ReN-1869 was compared to that of another 

histamine H1 receptor antagonist, mepyramine.  Systemically administered 

mepyramine produced minor non-significant reductions of the Aδ-fibre evoked 

response after carrageenan inflammation and peripheral nerve injury (Fig. 

4A).  In naïve animals, mepyramine produced no attenuation of the Aδ-fibre 

evoked response and similarly, vehicle injection did not alter these responses.  

Drug effects were comparable in all animal groups.  
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Similar to the pharmacological profile of ReN-1869, none of the other 

electrical neuronal measures, including wind-up, Aβ- fibre and C-fibre evoked 

responses were altered by mepyramine, or indeed by saline vehicle injection 

(Figs. 4B-D).   

 

Mepyramine selectively reduces neuronal responses evoked by low 

intensity mechanical stimuli after tissue and nerve injury 

 

Mepyramine produced a significant and robust inhibition of the 9g von Frey 

evoked response following carrageenan inflammation (F3,24=2.9, p=0.05) and 

peripheral nerve injury (F3,24=3.0, p=0.05), an effect similar to that observed 

with ReN-1869.  In naïve animals, however, these responses tended to be 

facilitated particularly at the lower doses (p>0.05).  The dose response curves 

displayed a tendency for a leftward shift after carrageenan inflammation and 

nerve injury, however, this did not reach significance (Fig. 5A).   

 

Mepyramine produced only minor reductions of spinal neuronal responses to 

high intensity mechanical punctate stimuli (von Frey 75g) and heat in 

carrageenan and SNL rats (<50% maximal inhibition), whilst exerting little or 

no effect in naïve animals.  The effects of mepyramine on von Frey 75g and 

heat were comparable in all animal groups (Fig. 5B and 5C).  Similarly, 

mepyramine produced little effect on the innocuous brush evoked response in 

all animal groups (Fig. 5D).   
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Overall, the pharmacological profile of ReN-1869 was similar to that of 

mepyramine, suggesting that this novel compound acts through antagonism of 

histamine H1 receptors.   
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Discussion 

In the present study we provide electrophysiological evidence that the novel 

tricyclic compound, ReN-1869 produces selective antinociceptive effects on 

the responses of deep dorsal horn neurones following tissue and nerve injury, 

an action likely to be mediated through blockade of central histamine H1 

receptors.  This is the first electrophysiological study to evaluate the effects of 

this novel compound over a wide range of peripheral stimuli encompassing 

the innocuous and noxious range.  

 

The influence of ReN-1869 on the evoked responses of spinal neurones 

The present study reveals a robust and selective action of ReN-1869 on 

spinal neuronal responses evoked by low intensity mechanical punctate 

stimuli following inflammation and peripheral nerve injury. Despite the marked 

tactile allodynia displayed by SNL rats following L5/6 ligation, spinal neuronal 

responses to the same mechanical punctate stimulus (von Frey 9g) remained 

unaltered by the injury and was comparable to those of naive animals (Table 

1).  This may appear somewhat surprising, since 2/3 of the spinal input from 

the sciatic nerve is lost as a result of the nerve ligation.  The similar pre-drug 

control values may therefore reflect a compensatory mechanism by which 

spinal excitability is enhanced, to make up for the loss of afferent input caused 

by the nerve damage (Suzuki and Dickenson, 2000).   

 

The inhibitory actions of ReN-1869 were in complete contrast to that seen in 

naïve animals where only minor facilitatory effects were observed, suggesting 

for an injury-specific action of the drug.  Consistent with these findings, ReN-
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1869 produced no analgesia in models of acute pain, however was effective 

against capsaicin- and formalin-induced pain behaviours (Olsen et al., 2002). 

Additionally, the strong inhibitions of the innocuous mechanical punctate 

evoked responses (von Frey 9g), were in contrast to the lack of drug effect 

seen on responses evoked by the dynamic brush stimulus in these animals, 

further suggesting a modality-specific action of the drug.  This fits well with the 

finding of a lack of drug effect on the Aβ-fibre evoked responses of spinal 

neurones.  Hence brush evoked response appears to be conveyed by Aβ-

fibres, whilst the mechanical punctate stimulus, von Frey 9g is likely to involve 

contribution from Aδ-fibres.  

 

The present results suggest for plasticity in H1 receptors following injury, as 

revealed by the marked shift in the dose response curve to von Frey 9g 

following administration of the antagonists.  One possibility for their selective 

action in nerve / tissue injured states is an increased excitability of primary 

afferents, resulting from the action of histamine on H1 receptors. There is 

evidence for enhanced mast cell degranulation (and therefore histamine 

release) following nerve injury, and these cells increase in numbers both at 

the lesioned site and at zones distal to the nerve injury (Esposito et al., 2002, 

Zuo et al., 2003).  Mast cells play a key role in the genesis of pain after nerve 

injury, by recruiting leukocytes and sensitising nociceptors through the release 

of mediators such as histamine.  Stabilisation of mast cells using 

cromoglycate or administration of histamine receptor antagonists inhibit the 

development of neuropathic hyperalgesia (Zuo et al., 2003).  Thus, enhanced 

afferent traffic resulting from elevated histamine release following peripheral 
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tissue / nerve damage could enable ReN-1869 to exert greater antinociceptive 

effects specifically after injury.  

 

In parallel, nerve injury triggers an upregulation of mRNAs (3-4 fold) for the 

histamine H1 receptor in small peptidergic DRG neurones (Kashiba et al., 

1999).  Under normal conditions, neurones that express mRNA for H1 

receptors are unmyelinated, small diameter neurones that are both non-

peptidergic and capsaicin-insensitive. However, following peripheral nerve 

injury, aberrant expression of H1 receptor mRNA is reported in peptidergic 

neurones which may have significant clinical implications.  Further studies are 

required to address whether the mRNA signals are indeed translated to the 

protein level following pathological conditions. Thus, the increased 

effectiveness of ReN-1869 seen after neuropathy may reflect an upregulation 

of H1 receptors in small diameter fibres, possibly Aδ-fibres, since this class of 

fibres transmit low-intensity mechanical stimuli, as well as heat. In support of 

this, dorsal root fibres (Aβ-, Aδ- and C-fibres) gain sensitivity to inflammatory 

soup (containing histamine, bradykinin, serotonin, prostaglandin E2) following 

neuropathy (Song et al., 2003).  This may provide an additional mechanism by 

which ReN-1869 exerts selective actions after nerve injury, by allowing it to 

act on sensory neurones that have acquired de novo sensitivity to histamine 

although this has not as yet been directly studied.
 
If such phenotypic switch 

occurs following conditions such as PHN, it may account for the itch-induced 

pain experienced by these patients following cutaneous injection of histamine 

(Baron et al., 2001). 
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Our data further supports previous behavioural data demonstrating potent 

analgesic actions of ReN-1869 in a wide range of pain assays, including 

capsaicin and formalin models of nociception.  Although pretreatment with 

ReN-1869 (1mg/kg) did not attenuate the development of oedema induced by 

carrageenan injection (Olsen et al., 2002), administration of the compound 

when inflammation had fully developed (3 hours post-carrageenan 1-4mg/kg), 

effectively reduces spinal neuronal responses to mechanical punctate stimuli 

and heat. This possibly suggests anti-allodynic but not anti-inflammatory 

effects of the compound following carrageenan inflammation, and furthermore 

reveals the differential action of the compound on the development and 

maintenance of inflammation.  

 

Although the clinical focus of histamine H1 receptor antagonists has been on 

the treatment of inflammation and allergy, there is evidence for the use of this 

class of drugs in the management of certain pain states (Rumore and 

Schlichting, 1986).  When administered as adjuvants, antihistamines can 

potentiate opioid analgesia and reduce the postoperative requirement of 

opioids and other analgesics in patients (Hupert et al., 1980, Sunshine et al., 

1989).  Similar combined effects have also been reported in animals (Bluhm 

et al., 1982, Sun et al., 1985, Suzuki et al., 1994, Suh et al., 1996, Olsen et 

al., 2002) but also with mepyramine alone (Ghelardini et al., 1998, Malmberg-

Aiello et al., 1998, Galeotti et al., 1999, Parada et al., 2001, Ashmawi et al., 

2003).  Hence evidence from pre-clinical and animal studies support the 

potential therapeutic use of H1 antagonists for the treatment of pain, although 
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limited data is yet available regarding the effectiveness of these drugs in more 

persistent pain states, such as neuropathy.   

 

In this study, ReN-1869 displayed a similar pharmacological profile to that of 

the classical histamine H1 receptor antagonist, mepyramine. One major 

difference between the action of the two antagonists, however, is their affinity 

to bind to other receptors.  Mepyramine, possesses antimuscarinic and 

antiserotonergic actions in addition to its antihistaminic effect (Niemegeers et 

al., 1982). Extensive screening of ReN-1869 against diverse pharmacological 

targets revealed that this compound only binds with high affinity to the 

histamine H1 receptor, which may contribute to its cleaner side effect profile 

(Olsen et al., 2002). ReN-1869 is orally available and readily penetrates the 

blood brain barrier.  Results from a randomized, double-blind controlled study 

has demonstrated ReN-1869 to possess no major adverse effects, and 

complaints of dizziness, somnolence, headache and fatigue, which can be 

associated with the use of common anti-histamines were rare, and showed no 

difference from placebo administration (Skrumsager et al., 2003). 

 

Overall, the available evidence suggests that this compound represents a 

promising pharmacological approach to the treatment of persistent pain states 

including neuropathic and inflammatory pain. Due to the potent action of this 

compound on low intensity mechanical punctate stimuli, ReN-1869 may be 

particularly useful in patients with mechanical allodynia.  Further studies are 

needed to assess the clinical utility of this compound in the management of 

pain states.  
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Figure Legends 

 

Figure 1.  Ligation of L5/6 spinal nerves induces mechanical allodynia 

on the ipsilateral hindpaw of rats.  Prior to surgery, application of an 

innocuous von Frey filament (1 and 9 grams) to the hindpaw evoked no 

withdrawal response in most animals (n=12).  After spinal nerve ligation 

however, rats developed marked mechanical allodynia on the ipsilateral 

hindpaw, which was maintained for 2 weeks and this was often accompanied 

by licking and guarding of the affected paw.  Mechanical sensitivity was not 

modified on the contralateral hindpaw.  Data is presented as mean difference 

score ± S.E.M. A negative difference score indicates greater frequency of paw 

withdrawal responses on the ipsilateral hindpaw compared to the contralateral 

side, which was interpreted to be a manifestation of mechanical allodynia.  *** 

p<0.0001 compared to pre-surgery control values.   

 

Figure 2.  The effect of systemic ReN-1869 administration on the 

electrically evoked response of deep dorsal horn neurones. ReN-1869 

(0.1 - 4mg/kg) produced non-significant effects on the (A) Aδ-fibre evoked 

response, (B) Aβ-fibre evoked response, (C) C-fibre evoked response and (D) 

wind-up of spinal neurones in naïve (open squares, n=7), carrageenan (open 

triangles, n=11) and SNL rats (closed circles, n=6).  Drug effects were 

comparable in all animal groups.  Saline (0.9%) vehicle injection (closed 

inverse triangle, n=6) produced no effect on any of the electrical measures of 

spinal neurones.  The mean maximal effect of the saline injections was plotted 
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in order to allow comparison with the active drug.  Data are presented as a 

percentage inhibition of the pre-drug control value ± S.E.M.  

 

Figure 3.  Low intensity mechanical punctate responses and heat 

evoked responses are selectively attenuated by ReN-1869 following 

carrageenan inflammation and peripheral nerve injury.  The effect of 

systemic ReN-1869 administration (0.1 - 4mg/kg) on the responses of spinal 

neurones to (A) von Frey 9g, (B), von Frey 75g (C) heat and (D) brush in 

naïve (open squares, n=7), carrageenan (open triangles, n=11) and SNL rats 

(closed circles, n=6).  In contrast to the minor facilitatory effects seen in the 

naïve animal group, 9g von Frey evoked responses were robustly inhibited by 

the H1 receptor antagonist in carrageenan and SNL animal group. Vehicle 

injection (closed inverse triangle, n=6) produced no effect on the responses of 

spinal neurones to natural stimuli. Data are presented as a percentage 

inhibition of the pre-drug control value ± S.E.M.  * p<0.05 ** p<0.001 *** 

p<0.0001 compared to pre-drug control values. 

 

Figure 4. The effect of systemic mepyramine administration on the 

electrically evoked responses of deep dorsal horn neurones. Mepyramine 

(1 - 20mg/kg) produced non-significant effects on the (A) Aδ-fibre evoked 

response, (B) Aβ-fibre evoked response, (C) C-fibre evoked response and (D) 

wind-up of spinal neurones in naïve (open squares, n=7), carrageenan (open 

triangles, n=6) and SNL rats (closed circles, n=6). Saline vehicle injection 

(closed inverse triangle, n=6) produced no effect on any electrical measure of 
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spinal neurones.  Data are presented as a percentage inhibition of the pre-

drug control value ± S.E.M. 

 

Figure 5.  Selective enhancement of the effects of mepyramine on low 

intensity mechanical stimuli following carrageenan inflammation and 

peripheral nerve injury.  The effect of systemic mepyramine (1 - 20mg/kg) 

on spinal neuronal responses to (A) von Frey 9g, (B) von Frey 75g, (C) heat 

and (D) brush in naïve (open squares, n=7), carrageenan (open triangles, 

n=6) and SNL rats (closed circles, n=6).  Mepyramine produced significant 

reductions of the von Frey 9g evoked responses in carrageenan and SNL 

animal groups. Saline vehicle injection (closed inverse triangle, n=6) produced 

no effect on the naturally evoked responses of spinal neurones. Data are 

presented as a percentage inhibition of the pre-drug control value ± S.E.M.  * 

p<0.05 compared to pre-drug control values. 
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