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Abstract 

In the CNS, the ATP-gated ion channel P2X7 is expressed in glial cells and modulate 

neurophysiology via release of gliotransmitters including the pro-inflammatory cytokine, IL-1β. 

In this study we have characterized JNJ-42253432 as a centrally permeable (brain to plasma ratio 

of 1), high-affinity P2X7 antagonist with desirable pharmacokinetic and pharmacodynamic 

properties for in-vivo testing in rodents. JNJ-42253432 is a high affinity antagonist for rat (pKi 

9.1 ± 0.07) and human (pKi 7.9 ± 0.08) P2X7 channel. The compound blocked the ATP-induced 

current and Bz-ATP induced release of IL-1β in a concentration dependent manner. When dosed 

in rats, JNJ-42253432 occupied the brain P2X7 channel with an ED50 of 0.3 mg/kg, 

corresponding to a mean plasma concentration of 42 ng/ml. The compound blocked the release 

of IL-1β induced by Bz-ATP in freely moving rat brain. At higher doses/exposure, JNJ-

42253432 also increased serotonin levels in the rat brain, which is due to antagonism of 

serotonin transporter (SERT) resulting in an ED50 of 10 mg/kg for SERT occupancy. JNJ-

42253432 reduced EEG spectral power in the alpha-1 band in a dose dependent manner; the 

compound also attenuated amphetamine induced hyperactivity. JNJ-42253432 significantly 

increased both overall social interaction and social preference, an effect that was independent of 

stress induced by footshock. Surprisingly, there was no effect of the compound on either 

neuropathic pain or inflammatory pain behaviors. In summary, in this study we characterize JNJ-

42253432 as a novel, brain-penetrant P2X7 antagonist with high affinity and selectivity for the 

P2X7 channel.     
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Introduction 

 P2X7, a member of the purinergic family of receptors, is an adenosine triphosphate 

(ATP) gated ion channel expressed predominantly on cells of hematopoietic lineage, including 

macrophages and monocytes in the periphery and microglia and astrocytes in the central nervous 

system (CNS). ATP-mediated P2X7 activation leads to opening of the channel pore, followed by 

non-selective cation flux. Prolonged exposure to ATP leads to formation of a large opening 

(termed macropore) in-vitro, although the physiological significance of this macropore formation 

is not clearly understood. One of the hallmark features of P2X7 activation is release of the pro-

inflammatory cytokine IL-1β (Solle et al., 2001) which in turn may contribute to 

neuroinflammation and pain (Chessell et al., 2005; North and Jarvis, 2013), mood disorders 

(Iwata et al., 2013; Chrovian et al., 2014), neurodegenerative disorders such as Alzheimer’s 

(Diaz-Hernandez et al., 2012), multiple sclerosis (Sharp et al., 2008) and epilepsy (Engel et al., 

2012; Mesuret et al., 2014). In addition to IL-1β, P2X7 dependent release of glutamate (Ando 

and Sperlagh, 2012; Ficker et al., 2014), cathepsins (Clark et al., 2010) and chemokines 

(Shiratori et al., 2010) have been reported, and all of these mediators can serve as ‘glio-

transmitters’ aiding in the neuro-immune cross talk and modulating synaptic plasticity.  

Within the CNS, and in particular within the context of brain neuro(patho)physiology, there has 

been a growth of interest in the role of ATP and P2X ion channels in modulating 

neurophysiology (Burnstock, 2008; Abbracchio et al., 2009; Burnstock et al., 2011a; Burnstock 

et al., 2011b; Khakh and North, 2012; Sperlagh et al., 2012; Burnstock, 2014; Chrovian et al., 

2014). Specifically, the P2X7 ion channel in the brain has attracted interest due to the genetic 

association with depression and bipolar disorder, coupled with emerging science on the role of 

P2X7-IL-1β pathway in central neuroinflammation (Bennett, 2007; Sperlagh et al., 2012; 
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Bhattacharya et al., 2013; Iwata et al., 2013). There is growing evidence that strengthens the role 

of P2X7 in mood disorders. Several human genetic studies have associated the highly 

polymorphic P2RX7 gene with both bipolar disorder and depression (McQuillin et al., 2009; 

Backlund et al., 2011; Soronen et al., 2011) and some of these mutations have been linked to 

modulation of P2X7 channel function in-vitro (Roger et al., 2010; Stokes et al., 2010). The 

progress in the field has been somewhat hampered by the absence of suitable brain penetrant, 

P2X7 selective antagonist as most of the P2X7 compounds described in the literature are either 

human specific (low affinity for rodent P2X7), or suffers from poor brain penetration or are non-

selective and may exert poly-pharmacology in-vivo. In this paper, we pharmacologically 

characterize a novel P2X7 antagonist JNJ-42253432. The compound is a potent P2X7 antagonist, 

penetrates into the CNS with a brain to plasma ratio of one and exhibits excellent 

pharmacokinetic and pharmacodynamic properties. In the process of pharmacological 

characterization, we discovered that the compound also demonstrates affinity for the serotonin 

transporter (SERT), although JNJ-42253432 is more potent at engaging P2X7 than SERT; 

moreover the low-affinity for SERT does not compromise our interpretation that JNJ-42253432 

is a P2X7 antagonist and in-vivo efficacy is due to P2X7 occupancy. The compound is orally 

bioavailable, exhibits good drug-like properties and was used in several animal models to better 

understand the role of P2X7 in depression, mania and pain. 
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Methods  

Cell culture: 1321N1 cells expressing the P2X7 channels (human, mouse) were cultured in 

DME/high glucose medium supplemented with 10% FBS and 500 µg/mL G418. 1321N1 cells 

expressing the rat P2X7 were grown in same media supplemented with 10% FBS and 100µg/mL 

Zeocin. For isolation of primary astrocytes, rat brains were dissected from 3-day old neonatal 

rats as described in the paper (Bhattacharya et al., 2013).  

Calcium measurement:1321N1 cells expressing P2X7 orthologues were dissociated 18-24 

hours prior to the assay using 0.05% trypsin/EDTA (Invitrogen), and plated at density of 25000 

cells/well into PDL coated 96-well black-walled clear bottom plates (Becton-Dickinson, 

Bedford, MA). On the day of the experiment, cell plates were washed with assay buffer, 

containing (in mM): 130 NaCl, 2 KCl, 1 CaCl2, 1 MgCl2, 10 HEPES, 5 glucose; pH 7.40. After 

the wash, dye loading was achieved by adding a 2X Calcium-4 (Molecular Devices) dye solution 

in the assay buffer. Cells were stained with the Calcium-4 dye in staining buffer for 30 minutes 

at room temperature in the dark. Test compounds were prepared at 250X the final test 

concentration in neat DMSO. Intermediate 96-well compound plates were prepared by 

transferring 1.2 µL of the compound into 300 µL of assay buffer. A further 3X dilution occurred 

when transferring 50 µL/well of the compound plate to 100 µL/well in the cell plate.  Cells were 

incubated with test compounds and dye for 30 minutes. Calcium flux was monitored in 

FLIPRTetra as the cells were challenged by adding 50 µL/well of BzATP. The final concentration 

of Bz-ATP was 250 μM (human, rat) or 600 μM (mouse) and 100 µM (rat primary astrocytes).  

Radioligand binding: [3H] A-804598 was used as the radioligand (Donnelly-Roberts et al., 

2009). P2 membranes were prepared from recombinant cells; for one 96-well assay, cells were 

harvested from 10 T225 confluent flasks and frozen at -80C. On the day of the experiment, cells 
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were thawed or rat cortex was homogenized for membrane (P2) preparation. 50 mM Tris-HCl 

(pH 7.4) was added to the cells and homogenized for ~ 30 seconds at high speed. The 

homogenate was centrifuged at 1500 rpm for 5 mins followed by careful decanting of the 

supernatant which was centrifuged at 32000g for 30 mins. 6 ml of ice-cold assay buffer (50 mM 

Tris-HCl + 0.1% BSA) was added to the cell pellet. The assay volume of 100 μl was composed 

of the following: (a) 10 μl compound (10X) + (b) 40 μl tracer (2.5X) + 50 μl membrane (2X). 

The reaction was incubated for 1 hour at 4°C. The assay was terminated the by filtration (GF/B 

filters pre-soaked with 0.3% PEI) and washed with washing buffer (Tris-HCl 50 mM) 

repeatedly. After drying the plate Microscint 0 was added to the filters and radioactivity was 

counted. 

IL-1β assay: Human blood, isolated human monocytes or mouse blood were primed with 

lipopolysaccharide (LPS) followed by addition of the test antagonist or vehicle with the final 

P2X7 stimulus of Bz-ATP. For the human blood and monocytes, priming concentration of LPS 

was 30 ng/ml. Test compounds were added and incubated for an additional 30 minutes. The 

P2X7 agonist, Bz-ATP (1 mM for blood, 0.5 mM for monocytes) was finally added and 

incubated for 1.5 hours at 37°C. Post incubation, the plates were centrifuged (low-speed spin) 

and the supernatant collected for IL-1β ELISA analysis as per manufacturer’s protocol (human 

IL-1β: Thermo Scientific; catalogue # EH2IL1B5;). 

Electrophysiology: 1321N1 cells stably expressing hP2X7 were maintained in culture as 

described previously. Twenty-four hours prior to experimentation, cells were washed with 

divalent-free PBS (Hyclone, Rockford, IL, USA), dissociated with 0.05% trypsin (Gibco, Grand 

Island, NY, USA) and plated on poly-d-lysine coated cover slips (B-D Biosciences, San Jose, 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on September 30, 2014 as DOI: 10.1124/jpet.114.218487

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET/2014/218487 

 

8 

 

CA, USA) in a 24-well plate at a density of 10 000 cells/well. On the day of experimentation, 

cells were transferred to a recording chamber mounted on a Nikon Eclipse TE2000-U (Melville, 

NY, USA) and continuously perfused (1 mL/min) with a low divalent physiological saline 

solution (137 mM NaCl, 5.4 mM KCl, 0.5 mM MgCl2, 0 mM CaCl2, 5 mM glucose, 10 mM 

HEPES, pH = 7.4). Patch pipettes (2–3 MΩ) were visually guided to the surface of individual 

cells. Patch pipettes contained 135 mM CsF, 10 mM CsCl, 5 mM EGTA, 5 mM NaCl, and 10 

mM HEPES, osmolarity adjusted to 290 mOsm·L−1 with sucrose, pH 7.3. Voltage-clamp 

recordings were made with an Axopatch 200B, and Clampex 9.2 software (Molecular Devices, 

Sunnyvale, CA). Data were acquired at 5 kHz and filtered at 2 kHz. Pipette capacitance was 

cancelled in all recordings. Whole-cell responses to ATP & Bz-ATP were measured by rapidly 

transitioning the cell from being bathed in physiological saline to ATP or Bz-ATP (5 mM and 

300 μM, respectively) for 5 s in successive trials using a large-bore drug applicator (a linear 

array of glass tubes driven by a linear motor; Warner Instruments Corp., Hamden, CT, USA; SF-

77B Perfusion Fast-Step). For experiments examining channel block JNJ-42253432 was applied 

in the presence of agonist.  Channel block at each concentration of JNJ-42253432 was allowed to 

proceed to apparent steady-state, and then increased in ½ log intervals until complete block of 

the agonist-evoked current had been achieved.  All responses were quantified using Clampfit 9.2 

software (Molecular Devices) to calculate the mean current amplitude during the last 100ms of 

an agonist application or drug application interval. 

Ex-vivo receptor binding autoradiography: All animal work described in this paper was in 

accordance with the Guide for the Care Use of Laboratory Animals adopted by the US National 

Institutes of Health. Animals were allowed to acclimate for 7 days after receipt. They were group 

housed in accordance with institutional standards, received food and water ad libitum and were 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on September 30, 2014 as DOI: 10.1124/jpet.114.218487

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET/2014/218487 

 

9 

 

maintained on a 12 hour light/dark cycle. Male Sprague Dawley rats approximately 300-400 

grams in body weight were used. The animals were euthanized using carbon dioxide and 

decapitated at different time points after drug administration. Brains were rapidly frozen on 

powdered dry ice and stored at -80oC before sectioning. Plasma samples were also collected for 

bioanalysis. 20-micron thick tissue sections at the level of the hippocampus were prepared for 

autoradiography. P2X7 radioligand binding autoradiography was determined at room 

temperature with 30 nM [3H] A-804598 in 50 mM Tris HCl incubation buffer containing 0.1% 

BSA as previously described (Bhattacharya et al., 2013). Non-specific binding was measured 

with 100 μM A-740003. Ex-vivo receptor labeling was expressed as the percentage of receptor 

labeling in corresponding brain areas (i.e. hippocampus) of saline-treated animals. The 

percentage of receptor occupancy was plotted against time or dosage using GraphPad Prism. 

SERT binding autoradiography was conducted as described previously (Barbier et al., 2007). 

Briefly, tissue sections at the level of prefontal cortex were incubated with 1nM  [3H] Citalopram 

in 50mM Tris buffer with 120mM NaCl for 1minute at room temperature to minimize 

dissociation. Sections were allowed to dry before acquisition with β-Imager (Biospace Lab, 

Paris, France). Quantitative analysis was performed using the M3 Vision (Biospace Lab, Paris, 

France).    

In-vivo microdialysis: For serotonin microdialysis, male Sprague Dawley rats (280-350g) were 

implanted with a guide cannula (Eicom, Kyoto Japan) in the prefrontal cortex. Dialysis probes 

(Eicom, 4 mm active membrane length) were perfused with artificial cerebral spinal fluid at a 

flow rate of 1 ul/min. Experimentation was conducted from 9:00 am through the following day 

and samples were collected every 60 minutes. Following three hours of baseline animals 

received either a vehicle or subcutaneous (s.c.) injection of JNJ-42253432 at 3 or 10 mg/kg. 
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Samples were collected into a 96-well plate maintained at 4°C containing 15 µl of antioxidant 

(0.1 M acetic acid, 1 mM oxalic acid and 3 mM L-cysteine in sterile water). Dialysis samples 

were analyzed for serotonin using high-performance liquid chromatography with electrochemical 

detection. Dialysate was injected by a refrigerated autosampler (Alcott 719) at a volume of 10 µl 

and separation was achieved using an Eicompak PP-ODS column (4.6 mm i.d. × 30 mm; Eicom) 

with the potential of the graphite electrode set to +400 mV against the Ag/AgCl reference 

electrode. The mobile phase consisted of 100 mM sodium phosphate buffer, pH 6.0, 500 mg/l 

decanesulfonic acid, 50 mg/l EDTA, and 1% (v/v) methanol. For IL-1β microdialysis, male 

Sprague Dawley rats of similar weights were implanted with a hippocampal guide cannula. 

Experimental apparatus and sample analysis were described previously (Bhattacharya et al., 

2013). Following 2-hours of baseline collection animals received vehicle, 1.0, 3.0 or 10 mg/kg 

subcutaneous injection of JNJ-42253432.  One hour following drug injection each animal was 

challenged with Bz-ATP at 100mM administered locally via reverse dialysis for two hours. The 

lower limit of detection was 0.01 pg/μl for serotonin and was 15 pg/ml for IL-1β. Graphical and 

statistical analysis was done using Graphpad Prism (version 5.01).  An area under the curve 

(AUC) value was calculated from the baseline for each animal. A One-Way ANOVA with 

Dunnett’s Multiple Comparison Test was used to determine significance between treatment 

groups.   

Pharmaco-EEG study in rats: Experiments were carried out in male adult Sprague Dawley 

rats, supplied by Harlan, (Netherlands) and weighing about 250 g at the time of surgery. Animals 

were housed in full-view Plexiglas cages (25x33cm, 18 cm high) that integrate into IVC-racks 

(individually ventilated cages) located in a sound-attenuated chamber. Animals were maintained 

under controlled environmental conditions throughout the study: 22 ± 2°C ambient temperature, 
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the relative humidity at 60%, 12:12 light-dark cycle (lights off 06:59 a.m. to 18:59 p.m.; light 

intensity: ~ 100 lux,) and food and water available ad libitum. The surgery was performed under 

isoflurane inhalation anesthesia. A mixture of 30% O2, 70% N2O and 5% isoflurane was 

administered to animals as an initial induction for 2 minutes. Then, the animals were mounted in 

a stereotaxic apparatus and were given a continuous constant mixture of O2, N2O and 2% 

isoflurane. An analgesic Piritramide (dipidolor) 0.025 mg/kg (0.1 ml / 100 g. B.W) was 

administered before the incision over the total length of the head. The oval area of the scalp was 

removed, and the uncovered skull was cleared of the periosteum. Animals were equipped with 

EEG and EMG electrodes as described in Figure 8a. Eight stainless steel electrode screws 

(diameter 1 mm) were inserted bilaterally in the left and right hemisphere along the antero-

posterior axes at the locations (frontal left “FL”, parietal left “PL”, occipital left “OL” and 

frontal right “FR”, parietal right “PR”, occipital right “OR”, respectively). Electrodes were 

placed stereotaxically (AP +2 mm, L +/- 2 mm; AP -2 mm, L +/-2 mm and AP -6 mm , L +/- 2 

mm from Bregma) and referenced to the same ground electrode place midline above the 

cerebellum, while the incisor bar was -5 mm under the center of the ear bar. Additional 

electrodes were placed in the muscles of the neck to record EMG activity. These electrodes 

(stainless steel wire, 7N51465T5TLT, 51/46 Teflon Bilaney, Germany) were connected to a pin 

(Future Electronics: 0672-2-15-15-30-27-10-0) with a small insert (track pins; Dataflex: TRP-

1558-0000) and fitted into an 10-holes connector, after which the whole assembly was fixed with 

dental cement to the cranium. Two weeks after surgery, the animals were habituated to the 

recording procedure. EEG recordings occurred under vigilance controlled waking condition. 

After a stable baseline recording session of 30 min, signals from 6 brain areas (frontal left: FL, 

frontal right: FR, parietal left: PL, parietal right: PR, occipital left: OL, occipital right: OR) were 
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recorded for 2 hours after drug administration (n=8 for each condition). Continuous EEG and 

EMG field potentials were acquired at 2 kHz sample rate with an input range of +/- 500 mV 

through a Biosemi ActiveTwo system (Biosemi, Amsterdam, The Netherlands), which replaces 

the conventional ground electrodes by two separate electrodes: the common mode sense (CMS) 

active electrode and the driven right leg (DRL) passive electrode. This common mode reference 

for online data acquisition and impedance measures is a feedback loop driving the average 

potential across the montage close to the amplifier zero. The signals were digitized with 24 bit 

resolution, amplified and analogue band-pass filtered between 1 and 100 Hz. Spectral density 

estimates were calculated using Fast Fourier Transform with Hanning window function; block 

size of 512 data points, giving 1.0 Hz resolution, and power was expressed as percentage of total 

power over 1-100 Hz. The average spectral density in each frequency oscillation was normalized 

across animals to obtain the full power spectrum constructed from overlapping windows of 4 sec 

EEG data and plotted for baseline periods and post-drug periods windowing over 1-100 Hz and 

also averaged for the following frequency windows: Delta band (1–4 Hz), Theta band (theta1: 4-

6.5 Hz, theta2: 6.5-8 Hz), Alpha band (alpha1: 8-11 Hz; alpha2: 11-14 Hz), Beta band (beta1: 

14-18 Hz; beta2: 18-32 Hz), Gamma band (gamma1: 32-48; gamma2: 52-100 Hz).  

In the dose response experiment, values of consecutive 4-s epochs were averaged over a  

30 min period (baseline recording),  followed by the administration of vehicle or test compound 

and averaging over consecutive 15 minutes periods for the remaining 2 hours after 

administration(treatment recording), see Figure 8a. In the pharmacological reversal challenge 

experiments EEG oscillations were averaged for 30 min before and 30 min after test compound 

administration (drug-free and test compound only baseline, respectively), followed by 

administration of the amphetamine challenge. Next, averaging was done over consecutive 15 min 
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periods to measure combined effects of the challenge and test compound. Changes in EEG 

spectral power were calculated in those blocks of 15 min for a total of 2 hours as the ratio of 

mean spectral power obtained following the administration of test drug versus the mean spectral 

power obtained during 30 min drug-free baseline period. This within-subject procedure allows 

for assessment of drug-induced changes in EEG power expressed in each frequency band as a 

percentage of the subjects’ original power, before comparing values to the vehicle condition (i.e. 

between subjects). 

Amphetamine hyperactivity model: Adult, male Sprague-Dawley rats (Harlan) maintained on 

a normal12/12 light/dark cycle (lights on at 6:00 am) under standard housing conditions with 

food and water provided ad libitum (except during testing) were used for this study. Experiments 

took place during the light-cycle. Animals were single housed with enrichment (sunflower seeds 

and nylon bone) and were allowed to acclimate to housing conditions for at least 5 days after 

arrival. On day 1 of the experiment, animals were acclimated to the procedure room for at least 1 

hour and then each cage was placed onto a MotorMonitor rack (Kinder Scientific, San Diego, 

CA), which surrounded each animal cage by a grid of photobeams (7 beams along the width of 

the cage and 15 beams along the length). The photobeams allowed for tracking the distance 

traveled by each animal. After 1 hour, rats were injected subcutaneously with either vehicle 

(30% sulfobutylether beta-cyclodextrin) or JNJ-42253432 (3 mg/kg) and locomotor activity was 

recorded for an additional hour. All animals then received an injection of d-amphetamine sulfate 

(2 mg/kg, i.p., weight of salt) and locomotor activity was recorded for 2 additional hours. On day 

2 – 5, the experiment was repeated in the same manner, with the same treatments provided each 

day.  
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Stress-induced suppression of social interaction: Adult, male Sprague-Dawley rats (Harlan) 

maintained on a 12/12 light/dark cycle (lights on at 7:00 am) under standard housing conditions 

with food and water provided ad libitum (except during testing) were used for this study. All 

experiments took place during the light-cycle. Animal testing procedures complied with The 

Guide for the Care and Use of Laboratory Animals and were approved by the IACUC at 

Binghamton University-SUNY. Rats were given 1-2 weeks to acclimate to colony conditions 

prior and during this period they were pair-housed. The experiment conducted here utilized a 2x2 

between subjects design where stress condition (control versus footshock) was crossed with drug 

condition (0 or 10 mg/k g of JNJ-42253432). Four days prior to experimentation, test subjects 

were isolate-housed in order to produce mild social deprivation and thereby increase spontaneous 

interactions with a social partner observed in subsequent tests. On day one of testing, all 

experimental subjects were habituated to the 2-chamber test apparatus (30 cm x 30 cm x 20 cm) 

for 30 min followed immediately by 10 min of baseline social behavior testing as described 

elsewhere (Varlinskaya et al., 2013). The next day, rats (n=8 per group; N=32) received 0 or 10 

mg/kg of JNJ-42253432 administered intragastically immediately prior to a 2 hour session of 

intermittent footshock (80 shocks, 90 sec variable ITI, 5 secs each) as described previously 

(Arakawa et al., 2009). 3.5 hours later, rats were transferred to a test apparatus for a 30 min 

acclimation period followed by a 10 min exposure to a non-stressed, drug-naïve social partner. 

These time points were selected because prior work has demonstrated a robust suppression in 

social investigation after footshock exposure, an effect that was blocked by prior icv injection of 

IL-1 receptor antagonist (Arakawa et al., 2009). Weight differences between test subjects and 

social partners were minimized prior to experimentation, with test partners always being lighter 

than experimental animals. All subjects were randomly assigned to experimental conditions. 
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Behavioral sessions were video recorded and later scored by an observer blind to experimental 

conditions. Three dependent measures were scored and analyzed in order to provide a 

comprehensive characterization of the social interaction session. First, an aggregate measure 

(composite variable) of overall social activity was calculated as the broadest assessment of social 

behavior. Overall social activity was scored as the sum of the frequencies of the following social 

behaviors: social investigation (sniffing of any part of the body of the partner), contact (crawling 

over and under the partner and social grooming), and play behavior (pouncing or playful nape 

attack, chasing, and pinning). Second, social preference/avoidance was assessed by separately 

measuring the number of crossovers between compartments demonstrated by the experimental 

subject towards as well as away from the social partner and was indexed by means of a 

coefficient of preference/avoidance [coefficient (%) = (crossovers to the partner − crossovers 

away from the partner) / (total number of crosses both to and away from the partner) × 100]. 

Social preference was defined as positive values of the coefficient, while social avoidance was 

associated with negative values.  And finally, the total number of crossings was analyzed as a 

measure of gross activity changes incurred by experimental treatment. 

CFA model of inflammatory pain: This study was conducted as a fee for service at Algos 

Preclinical Services. Rats were housed 3 per cage and were maintained on a 12:12h light:dark 

schedule for the duration of the study. Rats were housed in standard rodent solid bottom caging 

with Harlan Teklad, 1/8th inch corncob bedding, in a well-ventilated, environmentally monitored 

housing room. The mean (± SEM) body weight of animals on the day of testing was 204 ± 1.1 

grams with a body weight range from 190-225 grams. Inflammatory pain was induced by an 

intraplantar injection of 75 µL of 100% Complete Freund’s Adjuvant (CFA) into the left hind 

paw under isoflurane anesthesia (3-5% in oxygen). JNJ-42253432 was formulated in 0.5% 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on September 30, 2014 as DOI: 10.1124/jpet.114.218487

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET/2014/218487 

 

16 

 

hydroxypropyl methyl cellulose and dosed via oral gavage in a dose volume of 5 ml/kg. Pre-

injury, baseline, and post-injury values for mechanical hyperalgesia were evaluated using a 

digital Randall-Selitto device (dRS; IITC Life Sciences, Woodland Hills, CA). Animals were 

allowed to acclimate to the testing room for a minimum of 30 minutes before testing. Animals 

were placed in a restraint sling that suspends the animal, leaving the hind limbs available for 

testing. Paw compression threshold was measured once at each time point for the ipsilateral and 

contralateral paws. The stimulus was applied to the plantar surface of the hind paw by a cone-

shaped tip placed between 3rd and 4th metatarsus, and pressure was applied gradually over 

approximately 10 seconds. Measurements were taken from the first observed nocifensive 

behavior of vocalization, struggle or withdrawal. A cut-off value of 300 g was used to prevent 

injury to the animal. The mean and standard error of the mean (SEM) were determined for each 

paw for each treatment group. The animals were tested before CFA injection, prior to compound 

administration, and 1, 2, and 4 hours post-administration. 

Chung model of neuropathic pain: For creating the neuropathic preparation, the surgical 

procedure previously described by Kim and Chung was performed to induce an allodynic state 

(Kim and Chung, 1992). Briefly, the left L-5 and L-6 spinal nerves were isolated adjacent to the 

vertebral column and ligated with 6-0 silk suture distal to the dorsal root ganglion while under 

isoflurane anesthesia. The rats were allowed a 10-14 day post-operative recovery period and 

allowed adequate time to develop the neuropathy before being placed in the study. Animals that 

did not meet a tactile allodynia 50% threshold of <3.0 grams were not used. For each drug, 6 

animals were prepared with the Chung model of spinal nerve ligation. Test articles were injected 

by one individual with all behavioral observations made by a second individual who was 

unaware of the article received by each animal. Tactile thresholds were assessed using Von Frey 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on September 30, 2014 as DOI: 10.1124/jpet.114.218487

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET/2014/218487 

 

17 

 

hairs and the up/down method as described in the initial Study Protocol at baseline, 30 min, 60 

min, 120 min post compound dosing. Summary statistics were computed and include group 

means and standard deviations and numbers of animals per group. For time course curves, two-

way repeated measures were undertaken and a post hoc analysis performed comparing with time 

zero. The area under the % hyperalgesic effect curve (not shown) was calculated and referred to 

as the AUC.  Statistical comparison of AUC was carried out with a one-way ANOVA and a post 

hoc analysis was carried out comparing all value to vehicle. All statistics were performed on 

spreadsheets using Prism statistical software version 5.0 (Graphpad Software, La Jolla, CA, 

USA).  
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Results 

In-vitro pharmacology 

Recombinant system: The structure of JNJ-42253432 is shown in Figure 1. The potency 

(pIC50 ± S.E.M) of JNJ-42253432 to attenuate Bz-ATP induced calcium flux for the three P2X7 

orthologues are depicted in Table 1: human (7.7 ± 0.07), rat (7.8 ± 0.1) and mouse (7.1 ± 0.2). As 

shown in Figure 2, JNJ-42253432 attenuated both ATP and Bz-ATP induced currents from 

hP2X7-1321N1 cells with similar potencies (for ATP: pIC50 = 6.93 ± 0.05; for Bz-ATP: pIC50 = 

7.00 ± 0.04). In addition, JNJ-42253432 did not block calcium flux via human P2X1, P2X2, 

P2X3, P2X2/3 and P2X4 up to 10 μM concentrations (Table 2). In an effort to understand the 

affinity of the compound under true equilibrium (both FLIPR and electrophysiology are in 

pseudo-equilibrium), JNJ-42253432 was tested in a radioligand binding assay. The affinity (pKi 

± S.E.M) of JNJ-42253432 was 7.9 ± 0.08 and 9.1 ± 0.07, at the recombinant human P2X7, and 

rat P2X7, respectively (Table 1). In order to assess a broader selectivity profile of JNJ-42253432, 

the compound was tested at 1 μM against a panel of receptors, channels and transporters 

(Bhattacharya et al., 2013); > 50% displacement was observed for human NK2, human dopamine 

transporter and rat brain sodium channel (data not shown).  

Native system: The next step in the characterization cascade of JNJ-42253432 was to test 

the pharmacology in native systems known to express P2X7 ion channels. Rat primary cultures 

of astrocytes and human blood cells express functional P2X7 channels (Bhattacharya et al., 

2013). JNJ-42253432 blocked Bz-ATP induced calcium influx in a concentration dependent 

manner with a potency of 7.0 ± 0.05 in rat astrocytes (Table 1). The affinity of JNJ-42253432 for 

P2X7 in rat brain cortical membranes as measured by displacement of [3H] A-804598 was 8.5 ± 

0.07, similar to the affinity at the recombinant rat P2X7 channel (Table 1). Since P2X7 activation 
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leads to release of the pro-inflammatory cytokine IL-1β, we also characterized JNJ-42253432 in 

human whole blood and in freshly isolated monocytes. As shown in Figure 3, JNJ-42253432 

attenuated LPS primed Bz-ATP induced IL-1β release in a concentration dependent manner with 

full block achieved at 1 μM concentrations. The potency of JNJ-42253432 to attenuate IL-1β 

release was 6.7 ± 0.1 in the human whole blood. Likewise, the pIC50 of JNJ-42253432 was 7.4 ± 

0.1 when tested in freshly isolated human monocytes from the blood, the difference in potency 

probably due to protein binding of JNJ-42253432 in whole blood. Antagonism was surmountable 

by increasing concentrations of Bz-ATP (Figure 3B), a functional phenomenon that would relate 

to a similar/overlapping site of action with Bz-ATP. In addition to IL-1β block, the compound 

also blocked IL-18 release, but did not block IL-6 and TNF-α release, under identical conditions 

(of LPS and BZ-ATP incubation times and concentrations) used for IL-1β and IL-18 release 

(data not shown).    

Pharmacokinetic properties of JNJ-42253432 

  To evaluate the pharmacokinetic properties of JNJ-42253432, the compound was dosed 

orally and intravenously in rats and mice and followed for 24 hours (Figure 4). The compound 

was orally bioavailable in both species and the in-vivo plasma clearance was 16.2 ml/min/kg and 

50 ml/min/kg, in mice and rats respectively. In mice, after a single oral dose of 10 mg/kg, Cmax in 

the plasma of 716.4 ng/ml (1.6 μM) was achieved at 0.75 hour. The t1/2 of the compound in the 

mouse plasma was between 7.7 to 8.8 hours. The kinetic profile of the compound was identical 

in the mouse plasma and mouse brain tissue with brain to plasma ratio of 1.26. In rats, after a 

single oral dose of 5 mg/kg, Cmax in the plasma of 225 ng/ml (0.5 μM) was achieved at 0.8 hour. 

JNJ-42253432 was orally bioavailable with a %F of 56.4 ± 6.7. The t1/2 of the compound in rat 
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plasma was between 2.7 to 4 hours, in line with a faster clearance number. The kinetic profile of 

the compound was also similar in the rat plasma and rat brain tissue with brain to plasma ratio of 

1. These data suggest that JNJ-42253432 is a good in-vivo tool compound to probe the role of 

central P2X7 in CNS animal models of ‘disease’.       

Pharmacodynamic properties of JNJ-42253432: target engagement 

 Autoradiography: An excellent means of assessing binding of a ligand to brain targets is 

autoradiography and for P2X7 we have used this technique to measure occupancy of central 

P2X7 channels (Bhattacharya et al., 2013). Here we report the pharmacology of JNJ-42253432 

in rats dosed either subcutaneously (s.c) or orally (p.o). Figure 5A depicts the exposure and 

P2X7 brain occupancy of JNJ-42253432 at various time points after a dose of 10 mg/kg (s.c.). 

The compound demonstrated a time and concentration dependent occupancy with a time for 

maximal occupancy at 2 hours. There was excellent correlation of occupancy and exposure of 

the compound in the brain; as seen from the exposure-time graph, JNJ-42253432 partitioned 

effectively between the plasma and brain compartment with a brain to plasma ratio of unity. JNJ-

42253432 was dosed (s.c) from 0.03 mg/kg to 10 mg/kg, followed by ex-vivo receptor 

occupancy at 2 hours post dose. The compound exhibited dose dependent increase in channel 

occupancy with an ED50 of 0.3 mg/kg (Figure 5B). Likewise, a dose dependent linear change in 

exposure was observed (data not shown) covering the entire dose range, with a brain to plasma 

ratio of unity. The plasma EC50 of JNJ-42253432 was approximately 42 ng/ml (0.094 μM). In 

order to assess brain occupancy following an oral dose, JNJ-42253432 was tested for duration of 

action at 30 mg/kg (p.o.). As shown in Figure 5C, the compound maintained reasonable high 

occupancy for the entire time course of 1 day post an oral dose of 30 mg/kg. The compound 
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engaged brain P2X7 sites with high occupancy for 8 hours and was deemed suitable for once 

daily or twice daily dosing regimens for efficacy studies in rats.  

 Brain IL-1β microdialysis: In an effort to better understand the consequence of P2X7 

binding to function, we established an in-vivo microdialysis assay to measure brain IL-1β levels 

in freely moving rats challenged with the P2X7 agonist Bz-ATP (see Methods). As depicted in 

Figure 6, Bz-ATP (100 mM) produced a robust increase in measurable IL-1β from hippocampal 

dialysates. JNJ-42253432 dose dependently attenuated the IL-1β release in freely moving rat 

brains. JNJ-42253432 significantly attenuated IL-1β release at 10 mg/kg (P < 0.05 vs vehicle 

one-way ANOVA Dunnett’s post hoc analysis of AUC). The effect of IL-1β suppression at the 3 

mg/kg group was statistically not significant; nonetheless, a strong trend was observed as 

depicted in Figure 6. At 1 mg/kg, JNJ-42253432 was clearly without any effect.   

 Serotonin microdialysis and SERT autoradiography: Since serotonin transporter 

inhibition is a common mechanism of antidepressant efficacy, we wanted to counter screen JNJ-

42253432 in a microdialysis assay for serotonin. At 10 mg/kg dose, significant (P < 0.001 vs 

vehicle one-way ANOVA Dunnett’s post hoc analysis of AUC) elevations of serotonin were 

observed in the rat prefrontal cortex (Figure 7A). There was no significant elevation of serotonin 

at 3 mg/kg dose; likewise, the compound did not cause any significant changes to either 

norepinephrine or dopamine brain levels at similar doses (data not shown). This robust and 

sustained increase of serotonin was limited to this particular compound; other P2X7 compounds 

did not elevate brain serotonin levels (data not shown) and as such it was concluded that the 

serotonin increase was not mediated via P2X7 antagonism; rather it was probably a direct off-

target activity of JNJ-42253432 at the serotonin transporter (SERT). The next step was to profile 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on September 30, 2014 as DOI: 10.1124/jpet.114.218487

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET/2014/218487 

 

22 

 

JNJ-42253432 in an ex-vivo assay for SERT, similar to the one described for P2X7. The goal 

was to compare dose response of JNJ-42253432 for SERT and P2X7 occupancy. As shown in 

Figure 7B, JNJ-42253432 did bind to rat SERT at 10 mg/kg, thus supporting the increases of 

serotonin observed in the microdialysis study. It was also apparent that JNJ-42253432 was P2X7 

selective over SERT, at doses below 10 mg/kg, where there was no significant SERT occupancy 

(Figure 7B). Thus, JNJ-42253432 was SERT sparing at doses below 10 mg/kg and consequently 

all efficacy studies to address the role of P2X7 generally never exceeded 10 mg/kg dose; in-vivo 

effects of JNJ-42253432 at doses significantly higher than 10 mg/kg (where occupancy for both 

P2X7 and SERT occupancy is high) will probably be contaminated by SERT blockade and 

caution should be exerted in interpretation of efficacy data.   

Efficacy of JNJ-42253432 in pharmaco-EEG recordings from rat brain 

To test whether acute JNJ-42253432 exerted central functional effects, quantified EEG 

was studied; assessing changes in spectral power in a dose-response and in an amphetamine-

challenge study (see Figure 8A). Findings show that the compound demonstrated clear dose-

dependent effects on cortical spectral power (Figure 8B), most strikingly a reduction in the 

alpha-1 band, accompanied by –to a lesser extent- a reduction in theta-2 and an increase in theta-

1 power, These latter two effects on theta bandings were only clear at the highest dose tested of 

40 mg/kg. The changes in alpha-1 band power reached significance (P < 0.05) at about 30 

minutes post-administration and lasted throughout the 2 hours recording period for the 10 mg/kg 

and 40 mg/kg doses (see Figure 8B: bottom line graphs). These effects showed up most 

prominently at the posterior cortical recording sites.  
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The amphetamine challenge study showed the compounds’ potential to normalize the 

changes induced by amphetamine and its dopaminergic mechanism, known to particularly induce 

a clear increase in power of the alpha-1 band (see Figure 8C: second row). From Figure 8C 

(bottom row) it can be seen that at the high dose of 40 mg/kg s.c. JNJ-42253432 is able to 

augment the amphetamine-induced alpha-1 power, while seemingly “slowing” the EEG 

oscillations, resulting in an increased theta-2 power.  

Efficacy of JNJ-42253432 in models of mania, depression and pain 

Amphetamine hyperactivity: Locomotor activity from the acute phase (day 1) and sensitized 

phase (day 5) are shown in Figures 9A and 9B, respectively. Amphetamine (2 mg/kg) 

administration (fat arrow) caused changes in locomotor activity that sensitized between day 1 

and day 5 in rats. Amphetamine treated animals displayed a sensitized response to amphetamine 

on day 5 compared to day 1, with significantly more hyperactivity at 10-20 min (P < 0.001).  On 

day 1, there were no significant differences between the groups (vehicle and JNJ-42253432 

treated, thin arrow) at any time point, indicating that JNJ-42253432 did not have any effect on 

basal locomotor activity nor did the compound modulate amphetamine-induced changes in 

locomotion. On day 5, JNJ-42253432 (3 mg/kg) pretreatment attenuated amphetamine 

sensitization (compare day 1 & 5 vehicle locomotor activity), such that on day 5 significant 

differences between drug-pretreated and vehicle-pretreated groups were revealed. A three-way 

repeated measures ANOVA (for treatment x day x time), with repeated measures on both day 

and time, analyzing the 1 hour habituation, 1 hour post-pretreatment, and 1 hour post-

amphetamine treatment, on day 1 and day 5, showed a significant treatment x day x time 

interaction (F(23, 483) = 1.59, P = 0.04).  
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Stress-induced suppression of social interaction: Data from this experiment were examined 

using separate analyses for each behavioral measure in a 2 (stress condition) x 2 (drug treatment) 

ANOVAs, with post hoc Fisher’s PLSD analyses performed where significant main effects or 

interaction terms were observed. Analysis of overall social activity revealed significant main 

effects of both stress condition [F(1,28)=15.96, P < 0.001] and drug treatment [F(1,28)=8.30, P < 

0.01].  These findings not only recapitulate our previous studies showing that footshock exposure 

led to reduced social interactions observed 4 hours after stress cessation (Arakawa et al., 2009), 

but also demonstrate that administration of JNJ-42253432 increased overall social activity. Note, 

however, that the interaction between stress and drug conditions was not significant 

[F(1,28)=0.005, P > 0.05], suggesting that the action of JNJ-42253432 was independent of the 

influence of prior footshock exposure (Figure 10). These findings were supported by the analysis 

of the derived variable, coefficient of social preference, which also demonstrated a significant 

main effect of drug condition [F(1,28)=9.42, P < 0.01], but no effect of stress exposure 

[F(1,28)=0.67, P > 0.05] and no interaction between stress and drug exposures [F(1,28)=1.71, P 

> 0.05]. These data suggest that JNJ-42253432 significantly increased motivation to interact with 

social partners irrespective of whether experimental subjects had been exposed to stress. 

Terminal (approximately 6.25 hours post dose) plasma exposures of JNJ-42253432 was 141 ± 10 

ng/ml. In order to assess the specificity of both stress and drug effects on general activity, total 

crossing were analyzed and are presented in Figure 10B.  As expected, footshock exposure led to 

a significant suppression in total crossings [F(1,28)=6.97, P < 0.05], whereas drug condition had 

no significant effect on total crossings [F(1,28)=0.51, P > 0.05].  The interaction between stress 

and drug condition was also non-significant [F(1,28)=0.02, P > 0.05].  Overall, these findings 

suggest a very selective socially facilitating effect of JNJ-42253432, as indexed by increases in 
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overall social activity and the preference to interact with a partner irrespective of prior stress 

history. This latter effect recapitulates our recent work showing that administration of an 

alternative P2X7 receptor antagonist, A-804598, had no effect on the footshock-induced 

suppression of exploratory activity in a novel environment (Catanzaro et al., 2014). 

Chung model of neuropathic pain and CFA-induced inflammatory pain: Animals prepared with 

Chung lesions demonstrated a prominent tactile allodynia at 10-14 days post operatively (Figure 

11A). Animals that exhibited a tactile threshold of 3 grams or less were considered significantly 

allodynic and were selected in the study. Subcutaneous delivery of Gabapentin (200 mg/kg) 

resulted in a significant reversal of the allodynia that lasted in excess of 240 minutes. JNJ-

42253432 (10 mg/kg; s.c. dosing) did not produce any significant reversal of mechanical 

allodynia; terminal plasma (post 4.25 hour) exposure of the compound was approximately 199 ± 

19.3 ng/ml. No effect on contralateral thresholds was noted for any treatment. These results show 

that Gabapentin had an anti-allodynic action of an expected magnitude and duration, whereas 

JNJ-42253432 did not exhibit an efficacy. The inflammatory stimulus CFA caused mechanical 

hyperalgesia of the rat hind paw as seen in Figure 11B. Oral administration of diclofenac (10 

mg/kg) significantly increased mean paw compression thresholds 2 and 4 hours post-

administration compared to baseline values. Oral administration of JNJ-42253432 (10 mg/kg) 

had no significant effect on mean paw compression thresholds at any time point tested post-

administration compared to vehicle treated animals. Again, analysis of terminal plasma samples 

revealed exposure of 163 ± 7 ng/ml of JNJ-42253432. 
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Discussion 

JNJ-42253432 is a high affinity P2X7 antagonist that penetrates into the brain efficiently 

with a brain to plasma ratio of 1 in rats. This compound exhibits significant improvements over 

the previous compound described by this group, JNJ-47965567 (Bhattacharya et al., 2013), both 

in terms of oral bioavailability, physicochemical, pharmacokinetic, pharmacodynamic properties 

and CNS penetration. JNJ-42253432 exhibits a different and unique profile from JNJ-47965567. 

JNJ-42253432 engages rat brain P2X7 for a longer duration than JNJ-47965567; even though the 

affinity for rat P2X7 and rat plasma EC50 is comparable between the two compounds, JNJ-

42253432 produces efficacy at a significantly lower dose than JNJ-47965567, probably due to 

increased partitioning into the brain tissue coupled with increased residence time at the rat brain 

P2X7. For example, whereas a 30 mg/kg dose of JNJ-47965567 did not attenuate IL-1β release 

in the rat brain, a 10 mg/kg dose of JNJ-42253432 blocked the same pharmacodynamic effect. 

Likewise, at a 10 fold lower dose (to JNJ-47965567), JNJ-42253432 attenuated amphetamine 

hyperactivity in rats. Overall, JNJ-42253432 is a more optimal P2X7 compound that will help 

delineate the role of P2X7 in the CNS (patho)physiology. 

As noted in the results, JNJ-42253432 increased serotonin levels which were later 

confirmed to be due to SERT binding at 10 mg/kg dose or higher. The increase in serotonin post 

JNJ-42253432 administration was not due to a direct effect of P2X7 antagonism as other P2X7 

compounds devoid of SERT activity, did not cause a similar increase in serotonin (unpublished). 

There was a clear separation of P2X7 and SERT (Figure 7B) occupancy; for this reason the 

compound was not tested at higher doses except for the EEG study (Figure 8). At the time of the 

pharmaco-EEG study, we were not aware of the effect of JNJ-42253432 at SERT. Since then, we 

have been prudent and cautious in dose selection for in-vitro studies with JNJ-42253432, as our 
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main goal was to understand the role of P2X7 in the models used in this study. From a 

therapeutic standpoint, and from the angle of drug discovery, adding a SERT blockade to P2X7 

antagonism for CNS diseases like depression is not necessarily a bad approach. It will indeed be 

very interesting to use this compound in various stress-induced models of depression (chronic 

unpredictable stress or chronic mild stress) at both low and high doses to address the role of 

P2X7 alone or in combination with SERT. Interestingly, at 40 mg/kg dose (should be high for 

P2X7 + SERT occupancy), JNJ-42253432 did not have any effect in an acute model of 

depression (DRL-72) (Bhattacharya A, 2014). As seen in Figure 7B, doses of 3 mg/kg are SERT 

sparing but still high for P2X7 occupancy and as such the efficacy observed for attenuating 

amphetamine hyperactivity is probably a result of P2X7 blockade. This will be the third 

publication indicating a role of P2X7 pathway in amphetamine hyperactivity (Bhattacharya et al., 

2013; Csolle et al., 2013). It will be an interesting avenue of science to follow to elucidate the 

mechanism of the interaction of amphetamine and P2X7; preliminary data indicates that the 

effect of P2X7 antagonists on attenuating amphetamine hyperactivity is independent of 

dopamine (unpublished).    

The main effect of JNJ-42253432 in the present pharmaco-EEG studies appears in the 

decrease of power in the alpha-1 band: EEG alpha oscillations have a comparable, ‘translational’ 

frequency range definition between rodent and man (Jobert et al., 2012). Alpha rhythms are 

believed to be modulated by thalamo-cortical and cortico-cortical interactions facilitating or 

inhibiting the transmission of sensorimotor information between subcortical pathways and the 

retrieval of information from cortical storage. These thalamo-cortical circuits generate a large 

network oscillatory activity in the alpha frequency range during cortical operations. Functionally, 

alpha oscillations in man are seen as an indication of relaxation (occur with eyes closed from 
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mainly occipital origin) and are thought to reflect a mode of information transfer within the 

networks and thus predictive of cognitive performance (Babiloni et al., 2013). As such the 

appearance of alpha waves has been associated with lapses of attention: this rhythm may serve to 

functionally disengage and reduce the processing capabilities of a given brain region. The alpha 

activity is decreased in engaged brain region whereas it increased in disengaged regions 

(Klimesch et al., 2007). In general, theta and gamma activities are accompanied by reduced 

synchrony in network alpha rhythm. The findings with JNJ-42253432, at the doses of 2.5 and 10 

mg/kg, most relevant for P2X7 specific activity, point towards a reduction of alpha-1 power, 

although without effects on the theta and gamma bands (some effects on theta and gamma were 

seen at 40 mg/kg, but it cannot be excluded that these effects were exerted via the compound’s 

SERT activity). Correspondingly, in rats we have seen in earlier studies that increases in alpha-1 

band power are mainly associated with stereotypic behaviors as can be seen after dopaminergic 

manipulations such as with amphetamine. Although only tested at the (in retrospect) high dose of 

40 mg/kg, JNJ-42253432 seems to have the potential to augment the typical amphetamine-

induced alpha rhythms.  

Social interaction test is a behavioral model that is exquisitely sensitive to the influence 

of a variety of situational characteristics and physiological influences. In particular, and most 

relevant to the present context, is the utility of this paradigm for the assessment of sickness-like 

behavior, which is known to be mediated by central cytokines (Dantzer, 2004). Since exposure to 

stressful procedures has been shown to activate neuroimmune processes and, in particular, 

increases IL-1 mRNA and protein expression, we sought to test the ability of JNJ-42253432 (i) 

to reverse the footshock-induced suppression of social investigation, which was reversed by icv 

administration of IL-1 receptor antagonist in prior studies (Arakawa et al., 2009);  and (ii) the 
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direct influences of JNJ-42253432 on social behavior, since basal fluctuations in cytokines have 

been suggested as key mediators of the depth and degree of social interactions even under 

unchallenged circumstances (Hennessy et al., 2014). When JNJ-42253432 was tested in our 

rodent model of social interactions, it produced a robust increase in overall social activity and 

social preference, but did not alter the footshock-induced suppression in social interactions. 

These promising effects are commensurate with a growing body of literature implicating a key 

role for IL-1 in both consequences of stress and the propensity to engage in social interactions 

(Arakawa et al., 2009; Hennessy et al., 2014). Moreover, the lack of aberrant side effects in the 

form of social avoidance, reduced social behavior, and no indications of nonspecific actions on 

either general locomotor activity or levels or the plasma corticosterone response (data not 

shown) evoked by the test situation are strongly encouraging and support further research and 

development efforts with this compound. 

However, the question remains that if footshock-induced alterations in social behavior are 

mediated by IL-1β (as our prior studies indicate), then what does this tell us about the role of 

P2X7 as a putative mediator of IL-1β release during footshock. Unfortunately, studies 

demonstrating the functional release of IL-1 via microdialysis during footshock will be necessary 

in order to verify that increased tissue content of IL-1β mRNA and protein coincides with 

increased functional release of IL-1β. Such studies would then permit the assessment of whether 

JNJ-42253432 is capable of blocking footshock-induced IL-1β release. These studies are planned 

in the near future, while in the meantime we are reliant on behavioral assays that are sensitive to 

the influence of recent stress history. When comparing the procedures for social behavior 

assessment used in our prior work to the present studies, it should be noted that Arakawa et al. 

(2009) utilized a slightly different procedure that assessed social investigation under conditions 
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where rats were in close proximity but not able to interact directly. A more detailed description 

and validation of the restricted access social investigation model can be found in our recent 

publications (Deak et al., 2009; Arakawa et al., 2011). Briefly, the limited access test used 

previously sustains much higher levels of social investigation initially that then dissipate 

precipitously because there is no reinforcement provided through actual physical contact. In 

contrast, the present study used full access to a social partner for 10 min (a much briefer test). In 

addition, rats were tested in the present experiment against a non-manipulated partner, which 

yields a more specific and subtle effect of footshock exposure relative to test situations in which 

both rats in the social dyad receive identical treatments. Furthermore, Arakawa et al (2009) 

exposed both rats in the dyad to identical treatments for both stress and drug conditions, which 

likely amplified the effect of both footshock and IL-1 receptor antagonist in those studies. The 

modified social interaction test employed in the present study was selected because it produces a 

more comprehensive behavioral profile of the animal (and thus stress and drug treatments) 

through detailed scoring and analysis of rodent behavior directed toward a peer than automated 

testing chambers. Although future studies will clearly be necessary to fully evaluate the efficacy 

of JNJ-42253432 to reverse stress-induced alterations in behavior, the present findings raise the 

novel and intriguing possibility that P2X7 antagonism may provide a novel therapeutic 

intervention for ameliorating social deficits associated with a range of neuropsychiatric 

conditions. 

The lack of efficacy observed in both neuropathic and inflammatory pain model with 

JNJ-42253432 is surprising given that the P2X7 knockout mice are protected against both forms 

of pain (Chessell et al., 2005) and several publications exist on this mechanism in models of 

pain, reviewed elsewhere (Alves et al., 2013; Chrovian et al., 2014). Our previous publication 
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with the P2X7 antagonist JNJ-47965567 demonstrated a transient but modest efficacy in 

neuropathic pain (Bhattacharya et al., 2013). Our data (modest efficacy with JNJ-47965567 to no 

effect in this study with JNJ-42253432), along with the two failed clinical trials in rheumatoid 

arthritis (Keystone et al., 2012; Stock et al., 2012) using P2X7 antagonists, raise this dilemma of 

the utility of P2X7 antagonists as analgesics (Bhattacharya et al., 2011). Whether P2X7 

antagonism has therapeutic benefits in CNS disorders such as in neuropsychiatry and 

neurodegeneration remains clinically untested. The emergence of the role of P2X7 in 

neuroinflammation, coupled to the role of activated glia in various CNS disorders, makes P2X7 

an attractive CNS drug target where modulation of glial function may exert clinical benefits to 

CNS pathology.  
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Figure Legends  

Figure 1: Structure of P2X7 antagonist JNJ-42253432 used in this study (2-Methyl-N-([1-(4-

phenylpiperazin-1-yl)cyclohexyl]methyl)-1,2,3,4-tetrahydroisoquinoline-5-carboxamide).    

Figure 2: Effect of JNJ-42253432 on attenuating hP2X7 currents. JNJ-42253432 blocked both 

ATP and Bz-ATP evoked currents with similar potency in 1321N1 cells stably expressing 

hP2X7. Mean % inhbition ± SEM of ATP and Bz-ATP-evoked currents at a range of 

concentrations of JNJ-42253432.  ATP: Open circles, n = 3-5 cells/concentration.  Bz-ATP: 

Closed circles, n = 3-7 cells per concentration. 

Figure 3: Attenuation of IL-1β release in human blood and human monocytes (PBMC) by JNJ-

42253432. LPS primed, Bz-ATP challenged IL-1β release was concentration dependently 

blocked by the compound (A). Potency (pIC50) of block was 6.7 ± 0.1 and 7.4 ± 0.1, in blood and 

monocytes (PBMC), respectively. Data is expressed as percent of control (defined as net IL-1β 

release: LPS + Bz-ATP challenged cells [stimulated] minus LPS primed cells [basal]). (B) Effect 

of 30 nM and 100 nM JNJ-42253432 on the concentration response of Bz-ATP induced IL-1β 

release in isolated human peripheral blood mononuclear cells (PBMC). Symbols represent mean 

± standard error of the mean from 3-6 independent experiments. 

Figure 4: Pharmacokinetics of JNJ-42253432 at mouse and rat after intravenous and oral 

administration. Exposure of JNJ-42253432 in rat was assessed after i.v. and p.o. dosing in 30% 

β-cyclodextrin and 0.5% Methocel suspension, respectively. For the mouse study, the compound 

was formulated in 20% β-cyclodextrin. 
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Figure 5: P2X7 brain occupancy as measured by ex vivo autoradiography. Time course of JNJ-

4225342 as assessed post subcutaneous (A) and oral dosing (C). Concurrent exposures in plasma 

and brain are also plotted. (B) Dose response for JNJ-42253432 after s.c. administration of JNJ-

42253432, measured at Tmax of 2 hours. Duration of action for occupancy at 10 mg/kg (s.c.) 

shown in the inset. For all experiments n = 3 – 4 animals were used. 

Figure 6: In-vivo microdialysis assay to measure brain IL-1β levels in freely moving rats. Solid 

line indicates time of Bz-ATP infusion. JNJ-42253432 significantly attenuated IL-1β release at 

10 mg/kg (P < 0.05 vs vehicle one-way ANOVA Dunnett’s post hoc analysis of AUC). Data are 

expressed as mean ± SEM (n = 5 – 12) expressed over time. Basal IL-1β levels are generally 

below lower limit of detection (LLOD). All data points which fell below the LLOD were 

expressed as zero. 

Figure 7: (A) Effect of JNJ-42253432 (10 mg/kg, s.c.) on serotonin levels in the rat prefrontal 

cortex. At 10 mg/kg dose, significant (P < 0.001 vs vehicle one-way ANOVA Dunnett’s post 

hoc analysis of AUC) elevations of serotonin were observed in the rat prefrontal cortex. Data is 

expressed as mean ± SEM (n = 4 – 5) percent increase over baseline serotonin levels. Black bar 

designates the dark phase of the light cycle. (B). SERT occupancy of JNJ-42253432, compared 

with P2X7 occupancy (n=3 animals/dose).  

Figure 8: Effects of acute subcutaneous administration of JNJ-42253432 at 2.5, 10 and 40 mg/kg 

on pharmaco-EEG spectral power in awake rats (n=8). Panel A shows the schematic design of 

the electrode placement as well as of the compound administration and EEG recording for the 

dose-response study; note that for the challenge study an additional 30 min (compound only) 

baseline was added after which the amphetamine was administered. Panel B shows the 
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percentage changes compared to baseline (y-axis) for consecutive 15 minute periods (individual 

bars) after administration in the different frequency bandings (color coded delta, theta-1, theta-2, 

alpha-1, alpha-2, beta-1, beta-2 and gamma-1 and gamma-2 bands). Changes are indicated for 

vehicle and three doses of JNJ-42253432 (top to bottom rows, respectively) and for anterior to 

posterior electrode location (left to right columns, respectively). Only EEG data from the left 

hemisphere are shown as no differences were found between both hemispheres. N=8 for each 

condition. The bottom two line graphs of panel B indicate the dose-dependent significant 

percentage change in alpha 1 band power (Y-axis) after administration (time 0-120 in min on X-

axis) of JNJ-42253432 for the left frontal and parietal electrode positions: black line indicates 

vehicle condition, green line 2.5 mg/kg, blue line 10 mg/kg and red line 40 mg/kg. Statistical 

significances are indicated by top horizontal lines for each group and time point as compared to 

vehicle condition with P < 0.05: AUC (post hoc Dunnett test) and ANOVA (time*treatment). 

Panel C shows the effects of acute JNJ-42253432 on amphetamine-induced percentage changes 

compared to baseline (Y-axis) for consecutive 15 minute periods (individual bars) after 

administration in the different frequency bandings (color coded). Top row shows both 

compounds at 0 mg/kg dose (vehicle); second row indicates power spectral effects of 

amphetamine at 2.5 mg/kg only (test compound at 0 mg/kg); third row indicates effects of JNJ-

42253432 at 40 mg/kg only (amphetamine at 0 mg/kg); bottom row shows effects of combined 

(30 min sequential) administration of JNJ-42253432 at 40 mg/kg and amphetamine at 2.5 mg/kg. 

For brevity only outcomes of the left occipital electrode are shown. 

Figure 9: Effect of JNJ-42253432 on amphetamine induced hyperactivity in rats. Distance 

traveled is shown for day 1 (A) and day 5 (B). Thin arrow: JNJ/42253432/vehicle (30% SBE) 

administration; Fat arrow: amphetamine administration. A three-way repeated measures 
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ANOVA (for treatment x day x time), with repeated measures on both day and time, analyzing 

the 1 hour habituation, 1 hour post-pretreatment, and 1 hour post-amphetamine treatment, on day 

1 and day 5, showed a significant treatment x day x time interaction (F(23, 483) = 1.59, P 0.04). 

On day 5, JNJ-42253432 pretreated animals displayed a significantly attenuated response to 

amphetamine compared to vehicle pretreated animals at the times of 10-20 min (P 0.00002), 20-

30 min (P 0.0001), 30-40 min (P 0.00005), 40-50 min (P 0.007), 50-60 min (P 0.03), 60-70 min 

(P 0.04), 70-80 min (P 0.01).  N=11-12 per group. 

Figure 10:  Schematic overview of testing procedures used to assess the impact of JNJ-42253432 

on the stress-induced suppression of social interaction. Adult male Sprague Dawley rats (n=8 per 

group; N=32) were intubated with vehicle or 10 mg/kg of JNJ-42253432 (oral) prior to exposure 

to a 2 hour session of intermittent footshock or control conditions, and then tested for social 

interaction 4 hours later (A).  Footshock led to a significant suppression in overall social 

interaction and total crossings (a measure of general activity levels; panel B).  Although the 

effects of footshock were not reversed by pretreatment with JNJ-42253432, administration of 

this P2X7 antagonist significantly increased both overall social interaction and social preference, 

effects that are not likely due to indirect effects on overall activity.  Main effects of stress and 

drug condition are indicated as * indicates a significant main effect of stress condition;  # 

indicates a significant main effect of drug treatment (P < 0.05). 

Figure 11: Effect of JNJ-42253432 on a neuropathic (A) and an inflammatory (B) pain 

model in rats. (A) Shown are the mean ± SEM (n = 6) tactile thresholds for the 

experimental groups indicated. Animals were treated with vehicle, JNJ-42253432 (10 

mg/kg, s.c.) or gabapentin (200 mg/kg, s.c.).  ***: P< 0.001, (B) Shown are the mean ± 

SEM (n = 10) paw compression thresholds for the experimental groups indicated. Animals 
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were treated with vehicle, JNJ-42253432 (10 mg/kg, p.o.) or diclofenac (10 mg/kg, p.o.).  

*/**: P < 0.05/0.01. In both experiments, lack of pain sensation to contralateral side of 

injured paw is shown as well. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on September 30, 2014 as DOI: 10.1124/jpet.114.218487

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET/2014/218487 

 

46 

 

Table 1: Potency and affinity of JNJ-42253432 at recombinant P2X7 channels and at native cell 

systems known to express P2X7. Data shown is the mean response ± standard error of means 

from 3-5 independent experiments. 

 

human rat mouse
Ca2+ flux (pIC50) 7.7 ± 0.07 7.8 ± 0.1 7.1 ± 0.2

Radioligand binding (pKi) 7.9 ± 0.08 9.1 ± 0.07 not tested

human rat
Astrocytes (pIC50) not tested 7.0 ± 0.05

Cortex (pKi) not tested 8.5 ± 0.07

Human blood (pIC50) 6.7 ± 0.1 not tested

Recombinant system

Native system
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Table 2: P2X subtype selectivity of JNJ-42253432 (Calcium flux assay; FLIPR). 

 

The ability of JNJ-42253432 to act as an antagonist on all P2X channels was evaluated with a 

calcium influx assay. Each channel was activated with the agonist αβ-meATP (P2X1, P2X3 and 

P2X2/P2X3) or Bz-ATP (for P2X2 and P2X4). The ability of each test article to inhibit this 

signal was examined and compared to the positive control antagonist (100 or 300 µM PPADS). 

The signal, elicited in the presence of the respective positive control agonist, was set to 100% 

(0% inhibition) and the signal in the presence of the respective positive control antagonist was 

set to 0% (100% inhibition). Data is presented as normalized inhibition. S.D.: standard deviation 

Conc (μM) % Inhibition S.D % Inhibition S.D
0.003 2.47 15.53 10.53 3.09
0.01 -0.67 4 11.19 4.02
0.03 13.63 11.68 16.84 6.75
0.1 36.05 13.09 15.84 6.13
0.3 5.38 10.91 11.53 3.49
1 5.49 12.28 11.36 2.8
3 -1.17 13.99 11.71 10.57
10 -0.56 13.72 11.06 4.72

Conc (μM) % Inhibition S.D % Inhibition S.D
0.003 -4.3 6.08 -1.03 3.61
0.01 -4.68 4.33 -1.84 5.29
0.03 -5 5.24 -0.23 4.78
0.1 -5.11 6.17 1.45 4.49
0.3 -3.59 2.43 0.63 4.82
1 -10.07 4.38 0.6 5.23
3 -9.97 0.63 0.85 5
10 -11.64 6.76 3.29 4.77

Conc (μM) % Inhibition S.D
0.003 9.11 7.6
0.01 6.55 5.46
0.03 2.07 4.69
0.1 9.01 8.92
0.3 12.55 6.69
1 6.65 7.99
3 8.5 9.74
10 3.66 4.78

hP2X1 hP2X2

hP2X3 hP2X2/P2X3

hP2X4
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