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Objective: To demonstrate the antinociceptive and antihypersensitivity mechanisms of Cris-104 

(1-{2-[5-(4-fluorophenyl)–1H-pyrazol-4-yl]ethyl}piperidine), a novel selective α
4
β

2
* nicotinic 

acetylcholine receptor (nAChR) agonist, in rodent acute/inflammatory and chronic pain models.

Materials and methods: Hot-plate and formalin tests in mice were used to examine Cris-

104-induced antinociceptive effects on thermal/inflammatory pain. Cris-104 effects on hyper-

sensitivity, norepinephrine (NE) release in the spinal dorsal horn, and neuronal activity in the 

locus coeruleus (LC) were examined in rats with lumbar spinal nerve ligation using behavioral, 

microdialysis, and extracellular recording methods. Cris-104 effects on spontaneous locomotion 

were examined in an open-field test.

Results: Cris-104 induced dose-dependent antinociception effects in hot-plate and formalin 

tests, and these effects were blocked by the general nAChR antagonist mecamylamine, the 

selective α
4
β

2
* nAChR antagonist dihydro-beta-erythroidine, and the α

2
-adrenoceptor antago-

nist yohimbine, but not by the α
1
-adrenoceptor antagonist prazosin. Systemic and spinally 

perfused Cris-104 increased NE concentrations in microdialysates from the spinal cord in both 

normal and SNL rats. Systemic Cris-104 increased neuronal activity in the LC of normal rats. 

Mecamylamine blocked the effects of Cris-104 on spinal NE release and LC neuronal activity. 

Systemic Cris-104 did not affect locomotor activity significantly.

Conclusion: The α
4
β

2
 neuronal nAChR agonist, Cris-104, was effective for treatment of pain 

via descending noradrenergic inhibition of pain signaling.

Keywords: pain, nicotinic receptor, Cris-104, epibatidine

Introduction
Nicotinic acetylcholine receptors (nAChRs) are widely expressed in the central nervous 

system (CNS) and in peripheral nervous system, predominantly in neuromuscular 

junctions. While neuromuscular junction nAChRs are formed by α, β, δ, ε, or ϒ sub-

units, CNS nAChRs are composed of only α (α2–7, α9–10) and β (β2–4) subunits, 

with their distribution and function being dependent upon the particular arrangement 

of these subunits.1–3 In the CNS, α and β subunits form homo- or heteropentameric 

nAChRs.4,5 Pharmacologically important α
4
β

2
-containing nAChRs have two main 

pentameric arrangements, namely (α4)
2
(β2)

3
 and (α4)

3
(β2)

2
, which have different 

affinities to acetylcholine.5

Several studies have identified α
4
β

2
* (* denotes additional subunit) nAChRs as 

important pharmacological targets to treat smoking-cessation symptoms, cognitive 

impairment (including in Alzheimer’s disease), and pain.6,7 Stimulation of supraspinal 
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and midbrain α
4
β

2
* nAChRs activates descending inhibitory 

mechanisms, thereby reducing pain signal neurotransmission 

in the spinal cord.1,8,9 Interestingly, many approved treatments 

for neuropathic pain – including gabapentinoids, norepi-

nephrine (NE) re-uptake inhibitors, and the α
2
-adrenoceptor 

agonist clonidine recruit, augment, or mimic the actions of 

the descending locus coeruleus (LC) – spinal cord NE inhibi-

tory pathway, underscoring the importance of this pathway 

in neuropathic pain control.10–13

Epibatidine is a natural alkaloid α
4
β

2
* αnAChR agonist 

extracted from the skin of the Epipedobutes tricolor frog; 

it has an analgesic potency 200-fold higher than morphine 

and has been considered previously for development into 

a drug to treat pain and smoking cessation.14 However, in 

clinical trials, epibatidine and its related compounds were 

found to produce adverse secondary effects (eg, nausea and 

vomiting), likely due to interactions with multiple nAChR 

subtypes.14 We have been working on the development of a 

new α
4
β

2
 nAChR agonist using a medicinal chemical strategy. 

Our preliminary work led us to select a compound called 

Cris-104 (Figure 1) as a putative candidate for development 

based on its efficacy in rats with diabetic neuropathy and its 

advantageous physical chemistry profile (solubility, stability, 

and easy synthetic pathway).15

In the current study, we examined the analgesic effects 

of Cris-104 on thermal and formalin-induced nociception in 

mice, as well as the effects of Cris-104 on hypersensitivity 

in rats after lumbar spinal nerve ligation (SNL) at L5–L6. 

Additionally, we examined Cris-104’s analgesic potential 

by way of its effects on descending noradrenergic neuro-

transmission by testing the effects of systemically or locally 

administered Cris-104 on NE release in the spinal cord and 

neuronal activity in the LC, as well as its behavioral effect 

on locomotion.

Materials and methods
animals and drugs
Experiments were performed on male Wistar and Sprague 

Dawley rats (Rattus norvegicus; 180–220 g) and male Swiss 

mice (Mus musculus; 20–25 g) housed in cages at 22±2°C 

with a relative humidity of 60%–65%, 12/12-hour light/dark 

cycles, and free access to food and water. All experimental 

procedures were carried out in accordance with the Guide for 

the Care and Use of Laboratory Animals (National Institute 

of Health) and approved by the Institutional Animal Care 

and Use Committees at Federal University of Rio de Janeiro, 

Brazil and Akita University, Akita, Japan.

Cris-104 (chemical name: 1-{2-[5-(4-fluorophenyl)–

1H-pyrazol-4-yl]ethyl}piperidine) was synthesized and 

provided by Cristália Produtos Químicos e Farmacêuticos 

Ltda (Itapira, SP, Brazil). Acetylsalicylic acid, yohimbine, 

and prazosin were purchased from Sigma-Aldrich (St. Louis, 

MO, USA). Mecamylamine and dihydro-beta-erythroidine 

were purchased from Tocris Bioscience (Minneapolis, MN, 

USA). All compounds were dissolved in saline and prepared 

on the day of the experiments in which they were used.

Acute pain model (hot-plate test)
Mice were placed on a heated (52°C) hot-plate surface ( Leticia 

LE 7406).16 The animal reaction (paw raise, jumping, or lick-

ing) time (latency) was determined before and after a 5- to 

100-minute treatment with orally administered (by gavage) 

Cris-104 (1, 10, 30, and 100 mg/kg; n=10/dose). In two other 

groups (n=10/group), animals were pretreated with the nonse-

lective nicotinic receptor antagonist mecamylamine (1 mg/kg, 

intraperitoneal [i.p.]) or the selective α
4
β

2
* nAChR antagonist 

dihydro-beta-erythroidine (1 mg/kg i.p.), respectively, 15 

minutes before Cris-104 administration (30 mg/kg dose was 

selected based on the results of previous experiments in this 

study). Antinociceptive efficacy was indexed as a percentage 

of the maximum possible effect (%MPE) according to the 

following formula: %MPE = ([postdrug latency] – [predrug 

latency]/[cutoff] – [predrug latency)]) × 100.16 The cutoff 

(3-fold the predrug latency) was the maximal time allowed 

for the animal stand on the hot plate to avoid paw injury.
Figure 1 Chemical structure of Cris-104 (1-{2-[5-(4-fluorophenyl)–1H-pyrazol-4-
yl]ethyl}piperidine).
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Neurogenic/inflammatory pain model 
(formalin test)
Peripheral neurogenic/inflammatory pain was induced in 

mice by intraplantar injection of formalin (20 µL, 2.5%) 

into the right hind paw.17 Biphasic behavior characterized the 

formalin-induced pain response, with licking and/or biting 

time (reactivity) being noted in the neurogenic phase (0–5 

minutes) and inflammatory phase (15–30 minutes). Saline 

(10 mL/kg), acetylsalicylic acid (150 mg/kg), or Cris-104 

(10, 30, and 100 mg/kg) was administered by gavage 15 

minutes before formalin injection. Total licking or biting 

time was then quantified for a 40-minute observation period. 

Behavior was also compared among animals (n=10/group) 

pretreated with dihydro-beta-erythroidine (1 mg/kg i.p.), 

yohimbine (1 mg/kg i.p.), or prazosin (1 mg/kg i.p.), injected 

immediately before Cris-104 administration.

Chronic nociception model (SNL)
Chronic nociception was induced by SNL as previously 

described.18 Briefly, Wistar rats were anesthetized with 

ketamine (100 mg/kg i.p.) and xylazine (5 mg/kg i.p.) 

(Cristália, SP, Brazil). After making a dorsal midline inci-

sion, the paraspinal muscles were separated at spinal levels 

L4–S2. The right L6 transverse process was removed and 

the right L5 and L6 spinal nerves were isolated and ligated 

tightly with 6–0 silk suture. Sham-operated rats underwent 

the same procedure with the exception of the nerve ligation. 

Thermal hypernociception was evaluated with a plantar anal-

gesia meter (model 33; ITC, Woodland Hills, CA, USA) by 

applying a radiant heat source to the plantar surface of the 

right hind paw.19 For mechanical hyperalgesia measurement, 

increasing pressure was applied with a filament (1 mm exter-

nal diameter), connected to a digital analgesimeter (model 

EFF301; Insight, Ribeirão Preto, Brazil), to the surface of 

the same hind paw.20 After establishment of thermal and 

mechanical hypernociception 7 days after SNL, the animals 

were divided equally into Cris-104 dose groups (as above, 

n=6/dose). Reaction to thermal and mechanical stimulation 

was tested on day 1, 3, and 7 of a 7-day Cris-104 treatment 

period and at the same intervals after suspension of Cris-104 

administration.

Microdialysis
Lumbar spinal microdialysis was performed in normal and 

SNL Sprague Dawley rats as previously described.10 SNL 

rats (prepared as described above) were used for the experi-

ments 6 weeks after surgery. Anesthesia was induced with 

2% isoflurane and then maintained with 1.5% isoflurane. A 

heating blanket was used to maintain a rectal temperature 

36.5±0.5°C. The right femoral vein was cannulated for saline 

infusion (1 mL/h) and Cris-104 injection, and spinal levels 

L3–L6 were exposed by T13–L1 laminectomy. A microdialy-

sis probe (CX-I-4–01, outer/inner diameter=0.22/0.20 mm, 

length=1 mm; EICOM Co., Kyoto, Japan) was inserted into 

the dorsal horn ipsilateral to the SNL surgery 1 hour prior 

to the experiment and perfused with Ringer’s solution (1.0 

µL/min). Fractions were collected every 30 minutes for 2.5 

hours starting 1 hour prior to intravenous injection of Cris-

104 (10 mg/kg), local perfusion of Cris-104 (10–100 µM), or 

local perfusion of epibatidine (3 µM, Sigma-Aldrich Japan, 

Tokyo, Japan) with or without mecamylamine (100 µM, 

Sigma-Aldrich Japan) through the microdialysis probe for 90 

minutes. NE content in the microdialysates was measured by 

high-pressure liquid chromatography with electrochemical 

detection (HTEC-500, EICOM Co.).

extracellular recording from the lc
Male Sprague Dawley rats were anesthetized with chloral 

hydrate (400 mg/kg i.p.), and a heating pad was used to 

maintain their rectal temperatures at 36.5±0.5°C. The right 

jugular vein was cannulated for injection of anesthetic and 

test drugs. Supplemental doses of anesthetic were given to 

maintain anesthesia and prevent nociceptive reactions. Each 

animal was then placed in a stereotaxic frame with its head 

oriented at a 15° angle to the horizontal plane (nose down). 

The skull was exposed, and a 3-mm burr hole was drilled over 

the cerebellum. The dura was removed carefully to enable 

insertion of the electrode. Single-unit extracellular recordings 

from LC neurons were performed as previously reported.21,22 

A tungsten electrode (in vitro impedance, 1.0–1.3 MΩ) with 

a stainless tube for dye injection (Unique Medical Co., LTD, 

Tokyo, Japan) was inserted into the LC (3.8–3.9 mm poste-

rior and 1.1 mm lateral to lambda, and 5.5–6.5 mm ventral 

from the brain surface, according to a rat brain atlas).23 Elec-

trode signals were amplified, discriminated, monitored, and 

recorded with UAS-308S data acquisition system, and the 

data were analyzed offline in Unique Acquisition 3 (system 

and software from Unique Medical Co., Ltd). LC neurons 

were identified by the following standard criteria: spontane-

ous firing rate, 0.2–5 Hz; a positive–negative action potential 

shape; and a biphasic excitation–inhibition response to pinch 

stimulation in the contralateral hindpaw.24 The basal firing 

rate was recorded at least 1 minute prior to drug administra-

tion and only one LC unit per animal was used for analysis.

After the experiment, all animals received an intra-LC 

injection of methylene blue (50 nL) and were euthanized by 
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an intravenous injection of pentobarbital (150 mg/kg). Each 

animal’s brain was removed and cut into coronal sections on 

a microtome, and the placement of the cannula was verified 

visually. Only data from animals with successful LC electrode 

placement were included in the analyses.

Locomotor activity
Spontaneous locomotor activity was measured in an auto-

mated open-field apparatus (45×45 cm; LE 8811, Panlab, 

Hollister, MA, USA) in which 16 infrared photocells were 

positioned at every 2.5 cm.25 Normal Wistar rats were placed 

individually in the center of the chamber, and beam inter-

ruptions were counted as instances of motor activity over a 

40-minute observation period divided into eight 5-minute 

intervals. Locomotor activity was measured before as well 

as 1, 3, and 7 days after treatment with Cris-104 (100 mg/kg 

by gavage) and reported in the form of number of movements 

per minute. The motor activity was performed 24 hours after 

drug administration. A single dose of locomotion-suppressing 

diazepam (10 mg/kg by gavage) was used as a positive control.

Statistical analysis
Unless otherwise stated, results are expressed as means ± 

standard errors of the mean (SEM). One-way ANOVA or two-

way repeated measures ANOVA followed by Dunnett’s test 

or Bonferroni’s tests, respectively, was applied; P<0.05 was 

considered significant. All tests were performed in GraphPad 

Prism Version 4.0 (GraphPad, San Diego, CA, USA).

Results
cris-104-induced thermal antinociception
In the hot-plate test (Figure 2A), we obtained mean %MPE 

values of 15.9±4.0%, 22.7±2.5%, 34.4±7.1%, and 56.1±5.5% 

for the 1, 10, 30, and 100 mg/kg doses of orally administered 

Cris-104, respectively (Figure 2A, inset). The highest %MPE 

for Cris-104, which was observed with the 30 mg/kg (91.4 

µmol/kg) dose, was similar to that of morphine at 10 mg/kg 

(13.2 µmol/kg). Neither the nonselective nAChR antagonist 

mecamylamine (1 mg/kg i.p.) nor the selective α
4
β

2
 nAChR 

antagonist dihydro-beta-erythroidine (1 mg/kg i.p.) caused 

a significant antinociception effect in the hot-plate test alone 

(Figure 2B), but they reduced the antinociceptive effect of 

Cris-104 (30 mg/kg) from 34.4±7.1% to 6.3±7.2% (P<0.001) 

and to 17.2±6.6% (P<0.05), respectively (Figure 2B).

cris-104 antinociception
Saline (vehicle control) treated mice had postformalin 

paw-licking times of 65.0±5.7 seconds in the neurogenic 

phase and 151.4±9.9 seconds in the inflammatory phase. 

Orally administered acetylsalicylic acid (150 mg/kg), used 

as a reference drug, did not affect licking time in the neu-

rogenic phase, but reduced licking time significantly in the 

inflammatory phase. Cris-104 reduced licking time in both 

phases dose dependently (Figure 3A, B). Dihydro-beta-

erythroidine (1 mg/kg) and yohimbine (1 mg/kg) each 

reversed the antinociceptive effect of Cris-104 (30 mg/kg) 

in the inflammatory phase, while prazosin (1 mg/kg) did not 

(Figure 3B). The antinociceptive effect of Cris-104 (30 mg/

kg) was not affected by dihydro-beta-erythroidine (1 mg/kg) 

or yohimbine (1 mg/kg).

Antihypersensitivity effect of Cris-104 in 
chronic pain model
Paw withdrawal latency to thermal stimulation (PWL) and 

paw withdrawal threshold to mechanical stimulation (PWT) 

were reduced in all SNL groups 7 days after nerve injury 

compared with the sham group (Figure 4A, B). Repeated oral 

treatments with Cris-104 (10, 30, and 100 mg/kg/d) for 7 days 

increased both PWL and PWT dose dependently, and these 

effects ceased after suspension of the Cris-104 treatment.

spinal cord ne release
Local perfusion of Cris-104 (10 and 100 µM) or epibatidine (3 

µM) through the microdialysis probe or intravenously admin-

istered Cris-104 (10 mg/kg) increased NE in microdialysates 

from the dorsal spinal cord of normal rats ( Figure 5A). 

Simultaneous perfusion with mecamylamine (100 µM) 

blocked the effect of locally perfused Cris-104 (100 µM) 

on spinal NE release completely in normal rats. Similarly, 

locally perfused Cris-104 (10 and 100 µM) or epibatidine (3 

µM), or intravenous Cris-104 (10 mg/kg), induced spinal NE 

release in SNL rats (Figure 5B).

LC neuronal activity
LC neuronal firing increased substantially after intravenous 

Cris-104 (10 mg/kg) (representative experiment in Figure 

6A). Average baseline firing activity of LC neurons prior to 

the drug administration did not differ between the Cris-104 

alone (0.49±0.14 Hz, N=9) and Cris-104 with mecamylamine 

(0.59±0.12 Hz, N=9, P=0.598) groups in intact rats. There 

were significant main effects of treatment (F
1,1040

=8.48, 

P=0.010) and time (F
65,1040

=3.71, P<0.001) on LC neuronal 

firing, as well as a significant treatment × time interaction 

(F
65,1040

=2.38, P<0.001; Figure 6B). Post hoc testing revealed 

that Cris-104 increased firing activity of LC neurons, relative 

to baseline, from the 2nd to the 12th postinjection observation 
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(all P<0.05), and this effect was blocked by coadministered 

mecamylamine.

As shown in Figure 7, relative to the no-drug control con-

dition (121.3±12.0 movements/min, N=5), locomotor activity 

was not significantly reduced 1 (90.7±11.3 movements/min, 

N=5, P=0.10), 3 (89.8±8.1 movements/min, N=5, P=0.06), 

or 7 days (101.6±17.7 movements/min, N=5, P=0.37) after 

administration of Cris-104 (100 mg/kg), though locomo-

tor activity at day 3 showed a nonsignificant trend toward 

inhibition. In contrast, a single dose of diazepam (10 mg/

kg) reduced locomotor activity very significantly (50.7±6.4 

movements/min, N=4, P=0.002). All measurements were 

performed 24 hours after oral administration of each tested 

compound.

Figure 2 antinociceptive effect of cris-104 on the hot-plate-induced nociception in mice. 
Notes: (A) Time dependent dose-response curve for Cris-104 (1, 10, 30, and 100 mg/kg p.o.). The upper figure represents the average + seM (n=10) value extracted from 
the highest response in the time-course experiments. Morphine (10 mg/kg p.o.) was used as a control drug. (B) Cris-104 (30 mg/kg p.o.) was administered 15 minutes after 
treatment with mecamylamine (1 mg/kg i.p.) or dihydro-beta-erythroidine (1 mg/kg i.p.). Note absence of antinociceptive effect caused by mecamylamine (1 mg/kg i.p.) or 
dihydro-beta-erythroidine (1 mg/kg i.p.). Each bar represents mean ± seM (n=6) measured at highest response in the time-course curve. *P<0.05, **P<0.01, ***P<0.001 vs 
saline. One-way ANOVA followed by Dunnett’s test.
Abbreviations: i.p., intraperitoneal; %MPe, percentage of the maximum possible effect; p.o., peroral; seM, standard errors of the mean.
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Figure 3 antinociceptive effect of cris-104 on formalin-induced pain-related behavior in mice. 
Notes: Licking and/or biting time (reactivity) measured 0–5 minutes (neurogenic phase) and 15–30 minutes (inflammatory phase) after intraplantar injection of formalin 
(20 µL, 2.5%). (A) Mice were treated with saline, acetylsalicylic acid (150 mg/kg p.o.), or Cris-104 (10, 30, or 100 mg/kg p.o.) 15 minutes before formalin injection. (B) 
Pretreatment with dihydro-beta-erythroidine (1 mg/kg i.p.), yohimbine (1 mg/kg i.p.), or prazosin (1 mg/kg i.p.) 15 minutes before Cris-104 (30 mg/kg p.o.) administration. 
each bar represents mean ± seM (n=10). *P<0.05, **P<0.01, #P<0.05 vs Cris-104. One-way ANOVA followed by Dunnett’s test and two-way ANOVA followed by 
Bonferroni’s test.
Abbreviations: i.p., intraperitoneal; seM, standard errors of the mean.
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Figure 4 Effects of Cris-104 on SNL-induced thermal and mechanical hyperalgesia 
in rats. 
Notes: Cris-104 (10, 30, and 100 mg/kg p.o.) was administered once a day for 
7 days staring from 7 days after SNL surgery and behavior testing was performed 
prior to the cris-104 administration. (A) Paw withdrawal latency (PWL) to thermal 
stimulation. (B) Paw withdrawal threshold (PWT) to mechanical stimulation. Data 
represent mean ± seM (n=6). *P<0.05 vs 7 days after SNL. One-way ANOVA 
followed by Dunnett’s test.
Abbreviations: seM, standard errors of the mean; snl, spinal nerve ligation.
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Discussion
In the present study, we found that Cris-104 induced dose-

dependent antinociception in hot-plate and formalin tests, 

and this effect was blocked by the general and α
4
β

2
-selective 

nAChR antagonists and an α
2
-adrenoceptor antagonist, but not 

an α
1
-adrenoceptor antagonist. Systemic and spinally perfused 

Cris-104 increased NE levels in the spinal cord in both normal 

and SNL rats. Systemic Cris-104 increased LC neuronal activ-

ity in normal rats, without significant effects on locomotion, 

and this effect was blocked by nAChR antagonism.

Previously, we demonstrated that Cris-104 is not chemi-

cally related to epibatidine and that it can reduce thermal 

and mechanical hyperalgesia in a streptozotocin-induced 

peripheral diabetic neuropathy animal model.15 Cris-104 

and related compounds (Cris-111, Cris-158, Cris-159, and 

Cris-160; chemical structures not shown) were submitted 

to screening assays for binding affinity to α
7
-nAchRs, low-

affinity α
4
β

2
* nAChRs (cytisine sensitive), high-affinity α

4
β

2
 

nAChRs, and α
1
- and α

2
-adrenoceptors, as well as to 5-HT

2
/
7
 

serotonin, D
2
 dopamine, GABA

B
 and GABA

A
, NMDA gluta-

mate, and H
3
 histamine receptors by MDS Pharma Services 

(Taipei, Taiwan). The protocols were based on percentage of 

displacement induced by a fixed (10 µM) concentration of the 

compound to a specific agonist for each receptor and >50% 

displacement was considered relevant to drug-development 

candidate. Cris-104 displacement was differentiated between 

different α
4
β

2
 nAChR types: 61% displacement occurred with 

high-affinity (α4)
2
(β2)

3
 nAChRs, but only 17% displacement 

occurred with low-affinity, cytisine-sensitive (α4)
3
(β2)

2
 

nAChRs. Binding assay and in vitro experiments with nAChR 

antagonists are in agreement in supporting the hypothesis 

that effects of Cris-104 on behavior and NE release are likely 

mediated via α
4
β

2
 nAChRs.

In vitro absorption, distribution, metabolism, and excre-

tion studies have shown that Cris-104 binds 53% to plasma 

proteins; the permeability through parallel artificial membrane 

permeability assay at pH 7.4 was 13.6±7.1 cm/s, suggesting 

that Cris-104 should have satisfactory permeability across 

biological membranes, including the blood–brain  barrier.27 

Physicochemical properties showed that the logD octanol/

PBS values for Cris-104 at pH 5.5 and 7.4 were 0.17±2.9 

(n=3) and 1.49±8.6 (n=3), respectively. Optimal range for 

drug absorption in the intestine is logD
7.4

 1–3.28 The stabil-

ity at pH 1.1, 7.4, and 9.4 was 91.3±0.7% (n=3), 98.7±2.9% 

(n=3), and 91.2±1.7% (n=3), respectively. Cris-104 exposed 

to rat liver microsomes was found to have a clearance rate of 
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Figure 5 Changes in noradrenaline concentrations in microdialysates from the spinal dorsal horn of normal (A) and SNL (B) rats were presented over time as percentage 
of baseline. Vehicle, Cris-104 (10 and 100 µM), Cris-104 (100 µM) + mecamylamine (100 µM), or epibatidine (3 µM) was perfused through the microdialysis probe. 
Notes: In some animals, Cris-104 (10 mg/kg) was injected through the IV line. Data represent mean ± seM (n=5–7). *P<0.05 vs saline; #P<0.05 vs Cris-104 (100 µM). One-
way ANOVA followed by Dunnett’s test and two-way ANOVA followed by Bonferroni’s test.
Abbreviations: seM, standard errors of the mean; snl, spinal nerve ligation.
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1.8 mL/min/kg indicating that it appears to be stable across 

a wide pH range and to have a low metabolic clearance rate 

(low clearance rate cutoffs set at <5 mL/min/kg).28

Descending noradrenergic pain pathways can be activated 

by pharmacological stimulation of α
4
β

2
* nAChR-expressing 

neurons in the LC.7 The current study demonstrated that 

systemic Cris-104 has two interesting effects: (1) increased 

f iring of LC neurons and (2) induction of spinal NE 

release. That is, nAChR stimulation with Cris-104 affected 

descending noradrenergic pain pathways both indirectly via 
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supraspinal effects on LC neuronal firing and directly via 

intraspinal effects on NE release. Moreover, these antinoci-

ception effects could be blocked with the α
2
-adrenoceptor 

antagonist yohimbine.

Prior attempts to develop nAChR agonist compounds 

into drugs failed due to dose-dependent adverse secondary 

effects, including decreased body temperature and locomo-

tor activity, increased blood pressure, dizziness, nausea, and 

vomiting.14,26,28,29 Those effects were likely due to actions on 

ganglionic α
4
β

2
* nAChRs in the peripheral nervous system. 

Peripheral side effects were observed on clinical trials with 

epibatidine, which is a nonselective agonist of α
4
β

2
* nACh 

receptors. However, even a selective agonist such as ABT-

594 was unsuccessful in Phase II clinical study,30 indicating 

that the selectivity is not the main factor responsible for the 

appearance of side effects. In the present work, side effects 

were not detected, such as aggressiveness, piloerection, 

reduced food intake, or impairment of motor activity induced 

by Cris-104. Therefore, it is not possible to indicate that Cris-

104 could be a positive allosteric modulator of α
4
β

2
* nACh 

receptors, which could be a factor to increase the safety of 

drug discovery.

Because Cris-104 shows selectivity for (α4)
2
(β2)

3
 

nAChRs, adverse effects mediated by (α4)
3
(β2)

2
 nAChRs 

may be avoided and prostration, aggressiveness, piloerec-

tion, and reduced food intake were not induced by Cris-104 

in rodent. The absence of significant effects of Cris-104 on 

locomotion or any signs of gastric malaise (eg, lying flat on 

belly) with a supraefficacious dose bode well for Cris-104 

being better tolerated by patients.

Conclusion
The novel designed α

4
β

2
* nAChR agonist Cris-104 is a 

promising compound with analgesic profile interfering with 

the descending noradrenergic pathways by stimulating nor-

adrenergic neurons in the LC and stimulating their terminals 

in the spinal cord.
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Figure 6 Normal rats received an intravenous injection of Cris-104 (10 mg/kg) with 
or without mecamylamine (3 mg/kg). 
Notes: LC neuronal firing rates are presented over time as spikes per 10 seconds 
(mean + SEM). (A) Representative lc recording experiment. (B) Pooled data from 
nine experiments. *P<0.05 vs time 0.
Abbreviations: lc, locus coeruleus; seM, standard errors of the mean.
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Figure 7 Normal rats received oral administration of Cris-104 (100 mg/kg) 
once a day for 7 days and open-field test was performed prior to the Cris-104 
administration. 
Notes: A single oral dose of diazepam (10 mg/kg) or saline was used as positive 
or negative control, respectively. Total number of movements measured during 45 
minutes was normalized and the bars represent average + seM (n=4–5). *P<0.05 
vs saline.
Abbreviation: seM, standard errors of the mean. 
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