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List of non-standard abbreviations: 

2-AG, 2-arachidonoylglycerol 

2-OG, 2-oleoylglycerol 

ABPP, activity-based protein profiling 

ACN, acetonitrile 

AM-251, 1-(2,4-dichlorophenyl)-5-(4-iodophenyl)-4-methyl-N- (1-piperidyl)pyrazole-3-

carboxamide 

ABHD6, / hydrolase domain containing 6 

CB, cannabinoid receptor 

CCI, chronic constriction injury 

CFA, complete Freund’s adjuvant 

CP-55940, 2-[(1R,2R,5R)-5-hydroxy-2-(3-hydroxypropyl) cyclohexyl]-5-(2-methyloctan-2-

yl)phenol 

COX, cyclooxygenase 

DMSO, dimethylsulfoxide 

EEG, electroencephalogram 

EDTA, ethylenediaminetetraacetic acid 

FAAH, fatty acid amide hydrolase 

FP-Rh, fluorophosphonate carboxytetramethylrhodamine 
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HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 

Hr, hour 

JNJ-42226314, [1-(4-fluorophenyl)indol-5-yl]-[3-[4-(thiazole-2-carbonyl)piperazin-1-

yl]azetidin-1-yl]methanone 

JZL-184, 4-nitrophenyl-4-[bis(1,3-benzodioxol-5-yl)(hydroxy)methyl]piperidine-1-carboxylate 

KML-29,  4-[bis(1,3-benzodioxol-5-yl)hydroxymethyl]-1-piperidinecarboxylic acid 2,2,2-

trifluoro-1-(trifluoromethyl)ethyl ester 

MAFP, methyl arachidonyl fluorophosphonate 

MAGL, monoacylglycerol lipase 

Min, minute 

SAR-127303, 1,1,1,3,3,3-hexafluoropropan-2-yl 4-(((4-chlorophenyl) sulfonamido) 

methyl)piperidine-1-carboxylate 

Sec, second 

WWL-70, N-methyl-N-[[3-(4-pyridinyl)phenyl]methyl]-carbamic acid 4'-(aminocarbonyl)[1,1'-

biphenyl]-4-yl ester   
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ABSTRACT  

The serine hydrolase monoacylglycerol lipase (MAGL) is the rate-limiting enzyme responsible for 

the degradation of the endocannabinoid 2-arachidonoylglycerol (2-AG) into arachidonic acid and 

glycerol.  Inhibition of 2-AG degradation leads to elevation of 2-AG, the most abundant 

endogenous agonist of the cannabinoid receptors CB1 and CB2.  Activation of these receptors 

have demonstrated beneficial effects on mood, appetite, pain and inflammation.  Therefore, 

MAGL inhibitors have the potential to produce therapeutic effects in a vast array of complex 

human diseases.  The present report describes the pharmacologic characterization of JNJ-

42226314, [1-(4-fluorophenyl)indol-5-yl]-[3-[4-(thiazole-2-carbonyl)piperazin-1-yl]azetidin-1-

yl]methanone, a reversible and highly selective MAGL inhibitor.  JNJ-42226314 inhibits MAGL 

in a competitive mode with respect to the 2-AG substrate.  In rodent brain, the compound time- 

and dose-dependently bound to MAGL, indirectly led to CB1 occupancy by raising 2-AG levels 

and raised norepinephrine levels in cortex.  In vivo, the compound exhibited antinociceptive 

efficacy in both the rat complete Freund’s adjuvant (CFA)-induced radiant heat hypersensitivity 

and chronic constriction injury (CCI)-induced cold hypersensitivity models of inflammatory and 

neuropathic pain, respectively.  Although 30 mg/kg induced hippocampal synaptic depression, 

altered sleep onset and decreased EEG gamma power, 3 mg/kg still provided approximately 80% 

enzyme occupancy, significantly increased 2-AG and norepinephrine levels and produced 

neuropathic antinociception without synaptic depression or decreased gamma power.  Thus, it is 

anticipated that the profile exhibited by this compound will allow for precise modulation of 2-AG 

levels in vivo, supporting potential therapeutic application in several CNS disorders. 
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SIGNIFICANCE STATEMENT 

Potentiation of endocannabinoid signaling activity via inhibition of the serine hydrolase 

monoacylglycerol lipase (MAGL) is an appealing strategy in the development of treatments for 

several disorders, including ones related to mood, pain and inflammation.  JNJ-42226314 is 

presented in this report to be a novel, potent, selective and reversible non-covalent MAGL inhibitor 

that demonstrates dose-dependent enhancement of the major endocannabinoid 2-

arachidonoylglycerol as well as efficacy in models of neuropathic and inflammatory pain.   
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INTRODUCTION  

The endocannabinoid system is comprised of the G-protein coupled receptors (GPCRs) 

cannabinoid receptor type 1 (CB1) and cannabinoid receptor type 2 (CB2), their endogenous 

ligands 2-arachidonoylglycerol (2-AG) and N-arachidonoylethanolamine (AEA or anandamide), 

as well as the enzymes responsible for the synthesis and degradation of these molecules 

(Basavarajappa, 2007).  Endocannabinoid system activation in the central nervous system (CNS) 

modulates neural activity, affecting an array of CNS functions such as mood, cognition, pain and 

appetite (Zou and Kumar, 2018).   

Drugs acting on the endocannabinoid system have been regularly used for their various 

therapeutic effects.  The main psychoactive ingredient of Cannabis sativa, 9-

tetrahydrocannabinol (THC), a direct, partial CB1 agonist, has demonstrated beneficial effects on 

mood.  Conversely, the CB1 inverse agonist rimonabant, launched for the treatment of obesity, 

was later withdrawn due to increased incidences of depression and suicidal ideation (Christensen 

et al., 2007).  THC and other exogenous CB1 agonists are also used clinically for treatment of 

nausea, pain and epilepsy (Robson, 2014), but induce undesirable CNS side effects that limit their 

utility as pharmaceuticals (Mulvihill and Nomura, 2013; Tuo et al., 2017).  Augmenting 

endocannabinoids, such as 2-AG, has emerged as an alternative approach to leverage the 

therapeutic potential of the endocannabinoid system (Patel et al., 2017).  Specifically, selective 

inhibition of the serine hydrolase monoacylglycerol lipase (MAGL), the primary enzyme 

responsible for 2-AG degradation, presents an appealing yet challenging mechanism by which to 

achieve this aim.  A significant advantage is that only brain regions actively producing 2-AG would 

be potentiated, likely minimizing potential side effects associated with CNS-wide activation by 
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exogenous CB1 agonists.  The challenge resides in achieving MAGL selectivity over the numerous 

serine hydrolases that share a related catalytic mechanism (Long and Cravatt, 2011).   

Patients with major depression and post-traumatic stress disorder have decreased 

circulating 2-AG levels (Hill et al., 2008; Hill and Gorzalka, 2009; Hill et al., 2009; Hill et al., 

2013).  Moreover, circulating 2-AG levels were reduced in subjects exposed to chronic stressors, 

which correlated with reduced measures of positive emotions (Yi et al., 2016).   Genetic deletion 

of MAGL in rodents increases brain 2-AG approximately 10-fold (Schlosburg et al., 2010), while 

pharmacological MAGL inhibition also elevates brain and peripheral 2-AG and produces several 

CB1 and/or CB2-dependent anxiolytic, antinociceptive, and anti-inflammatory effects (Long et 

al., 2009a; Long et al., 2009b; Ghosh et al., 2013; Bernal-Chico et al., 2015; Bedse et al., 2017; 

Patel et al., 2017; Bedse et al., 2018).  Additionally, MAGL inhibition may exert therapeutic effects 

independent of CB1/2-mediated pathways.  Arachidonic acid produced from 2-AG hydrolysis by 

MAGL is a precursor to pro-inflammatory prostaglandins (Funk, 2001), and inhibiting MAGL 

reduces neuroinflammatory signaling in animal models of brain injury, neurodegeneration, and 

status epilepticus (Nomura et al., 2011; Chen et al., 2012; Katz et al., 2015; von Ruden et al., 

2015).  Thus, MAGL inhibition presents an intriguing therapeutic approach for the treatment of 

many complex diseases.  Notably, MAGL inhibition does not elicit the range of behavioral 

impairments seen with THC and other CB1 agonists (Mulvihill and Nomura, 2013; Tuo et al., 

2017). 

Most selective MAGL inhibitors described to date exert their effects via irreversible, 

covalent binding to the target enzyme (Long et al., 2009a; Griebel et al., 2015; Cisar et al., 2018; 

Clapper et al., 2018; McAllister et al., 2018).  This presents potential therapeutic advantages, in 

that long-lasting target engagement may be achieved at relatively low doses, with restoration of 
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activity being dependent upon new enzyme synthesis.  There are, however, certain potentially 

important pharmaceutical risks associated with covalent inhibitors, namely idiosyncratic immune-

mediated drug toxicity (Johnson et al., 2010) as well as reported cannabinoid receptor 

desensitization and tolerance development (Schlosburg et al., 2010).  As such, several groups have 

recently reported on the discovery of non-covalent, reversible MAGL inhibitors (Schalk-Hihi et 

al., 2011; Hernandez-Torres et al., 2014; Aghazadeh Tabrizi et al., 2018; Aida et al., 2018; Granchi 

et al., 2019) as a means of reducing the likelihood of such unwanted effects.   

This report describes the pharmacologic characterization of the reversible, competitive 

MAGL inhibitor, JNJ-42226314.  This potent compound was highly selective for MAGL relative 

to other serine hydrolases.  Systemic administration in rats and mice led to time and dose-

dependent MAGL engagement as well as elevated brain 2-AG concentrations.  The compound was 

then tested in rats, where dose-dependent effects were observed in vivo in established functional 

readouts known to be influenced by endocannabinoid signaling, including synaptic transmission, 

EEG gamma power, and inflammatory and neuropathic nociceptive hypersensitivity.  An overall, 

dose-dependent increase in wakefulness was also observed, which was associated with increased 

cortical levels of the wake-promoting neurotransmitter norepinephrine.  
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MATERIAL AND METHODS 

Drugs and reagents  

JNJ-42226314 was synthesized at Janssen Research & Development, LLC (Figure 1).   Synthesis 

is described in patent US 8,362,000.  The tool compound SAR-127303 (1,1,1,3,3,3-

hexafluoropropan-2-yl 4-(((4-chlorophenyl)sulfonamido)methyl)piperidine-1-carboxylate) was 

also synthesized at Janssen Research & Development, LLC according to procedures described in 

the literature (Griebel et al., 2015).  [3H] SAR-127303 (1,1,1,3,3,3-hexafluoropropan-2-yl 4-(((4-

chlorophenyl)sulfonamido-2-tritio)methyl)piperidine-1-carboxylate) (see Supplementary 

Material) and [3H] 2-OG (1,3-dihydroxypropan-2-yl-1-tritio oleate) were prepared at Moravek, 

Inc. (Brea, CA).  [3H] CP-55940 was purchased from Perkin-Elmer (Waltham, MA). WWL-70, 

JZL-184, KML-29, and AM-251 were obtained from Tocris (Minneapolis, MN).  PF-3845 was 

purchased from Sigma-Aldrich (St. Louis, MO).  Methyl arachidonyl fluorophosphonate (MAFP) 

was obtained from Cayman Chemical (Ann Arbor, MI). The fluorophosphonate 

carboxytetramethylrhodamine (FP-Rhodamine, FP-Rh) (Liu et al., 1999) probe was synthesized 

according to previously reported procedures (Kidd et al., 2001; Patricelli et al., 2001) and 

modifications thereof.  The synthesized material was purified by preparative HPLC (Column:  

Xtimate C18 150*25mm*5m) under mildly basic conditions (A: 10mM NH4HCO3 B: ACN).  

After lyophilization, pure FP-Rh was obtained as a purple solid that was stored under inert 

conditions at -20° C until further use or at -80° C as Argon-purged DMSO aliquots.  Structure and 

analytical purity were confirmed by NMR (1H, 31P, 19F) and ESI-MS techniques.   
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Compounds were dissolved in dimethylsulfoxide (DMSO) for in vitro studies.  For in vivo 

studies, drugs were freshly prepared daily in 20% (2-hydroxyproplyl)--cyclodextrin (HP--CD) 

for IP administration. 

 

In vitro MAGL activity assay  

The assay used to measure the in vitro activity of MAGL was adapted from the substrate cleavage 

assay used for another serine hydrolase (FAAH) described in (Wilson et al., 2003).  The assay 

consists of combining MAGL from HeLa cells, rat/mouse brain membranes or human peripheral 

blood mononuclear cells with test compounds (JNJ-42226314, JZL-184, KML-29 and SAR-

127303), adding [3H] 2-OG and measuring the amount of cleaved [1,3-3H]-glycerol that passes 

through an activated carbon filter.  The amount of cleaved, [3H]-glycerol passing through the 

carbon filter is proportional to the activity of the MAGL enzyme.  The substrate [3H] 2-OG 

(Moravek, Brea, CA) was found to be more stable than [3H] 2-AG (Moravek, Brea, CA) and 

therefore was used for this assay.   

HeLa cells (ATCC, Manassa, VA) were grown to confluence in 15 cm tissue culture dishes 

in complete medium (EMEM; Lonza; Basel, Switzerland), containing 10% fetal bovine serum, 

non-essential amino acids, sodium pyruvate, glutamine, and 100 IU/mL pen/strep. Once the cells 

reached confluence, the medium was aspirated, and cells were removed with DPBS and 5 mM 

EDTA. The cells were counted, centrifuged for 5 min at 300 x g, and the supernatant was removed.  

The HeLa cell pellet was homogenized using a Polytron in assay buffer, containing 125 mM Tris, 

1 mM EDTA, 0.02% Triton-X100, and 0.4 mM HEPES (pH = 7.4), in a volume yielding 500,000 

cells/ml. The enzyme reaction combined test compound (0.1 nM to 10 M), HeLa cell homogenate 
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(diluted to a final concentration of 2000 cell equivalents/well final), and 300 nM [3H] 2-OG 

(70,000 cpm/well, specific activity 10-20 Ci/mmol). Compounds (from 0.1 to 10 M, diluted from 

10 mM DMSO stocks) were incubated with the HeLa cell homogenate for 30 min prior to adding 

the radiolabeled substrate, then the complete mixture was incubated for 1 hr at room temperature 

in a total volume of 25 L/well.  In preparation for the filtration step, powdered charcoal was 

suspended in methanol and vortexed to wet the charcoal. Glycerol was added to help maintain the 

suspension and the solution was buffered to pH 7.0 with 100 mM Tris. The final suspension was 

20% v/v charcoal, 20% v/v methanol and 20% v/v glycerol in 100 mM Tris. 35 L of the charcoal 

mix was added per well, and the liquid was vacuumed through the filter plate prior to adding the 

reaction sample.  After enzyme incubation for one hr at room temperature, 20 L of the reaction 

was transferred to the charcoal plate and incubated for 5 min. The filter plate was then placed on 

top of a recipient plate containing 65 L Microscint-PS. The reaction was centrifuged to flow the 

reaction through the charcoal and into the Microscint-PS.  The plate containing the Microscint-PS 

and reaction product was then counted on a Top Count the next day.  Percentage inhibition of 

enzyme activity was calculated using the following formula: % inhibition = 100 – ((CPM 

observed-LC)/(HC-LC)x100), where LC = low control CPM (substrate + HeLa cell homogenate 

+ 10 M MAGL inhibitor) and HC = high control CPM (substrate + HeLa cell homogenate).  IC50 

values were calculated using a one-site model with GraphPad Prism 7.0 (San Diego, CA, USA).   

Testing of compound potency was also performed in human peripheral blood mononuclear 

cells (PBMC). To harvest PBMCs, 1mL of fresh whole human blood was aliquoted into a 14-mL 

Falcon tube (Becton Dickinson; Franklin Lakes, NJ) with 4 mL of room temperature Red Blood 

Cell Lysing Buffer (Sigma; St. Louis, MO). Tubes were set to incubate at room temperature for 

30 min using a rocking platform to gently invert the sample. After complete lysis of the sample, 
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tubes were centrifuged at 1800 x g for 10 min at room temperature. The supernatant containing 

lysed red blood cell membranes was carefully removed from the white blood cell pellet, which 

was resuspended in 1 mL Red Blood Cell Lysing Buffer and centrifuged at 1800 x g for 10 mins 

at room temperature. The supernatant was removed, and the pelleted PBMCs were frozen at -80° 

C until use. For the activity assay, the thawed pellet was resuspended in 50 mL assay buffer and 

used in the enzyme reaction as previously described.  

Testing of compound potency was also performed in mouse and rat soluble brain fractions.  

Fresh frozen mouse or rat brain was homogenized by Polytron in 10 ml/g Triton-free 125 mM 

Tris, 1 mM EDTA and 0.4 mM HEPES (pH = 7.4) on ice. The homogenate was centrifuged at 

1000 x g for 10 min at 4o C. The supernatant fraction was then centrifuged at 35,000 x g for 30 

min at 4o C. The supernatant fraction from the high-speed centrifugation (S2) was kept on ice and 

used as the enzyme source for the reaction.  The S2 fraction was diluted ~200x in assay buffer to 

yield an approximate final protein concentration of 17 g/ml and used in the enzyme reaction as 

previously described.  

 

Expression and purification of recombinant human MAGL  

Recombinant human MAGL was prepared according to a procedure published previously (Labar 

et al., 2007).  Briefly, N-terminal 6-His tagged and C-terminal strep-tagged human MAGL was 

overexpressed in E. coli BL21(DE3) cells. After cell pellet lysis, MAGL was purified from crude 

extract by nickel, size exclusion and ion exchange (Hi trap Q) chromatography. Protein purity was 

evaluated by SDS-PAGE electrophoresis. Pure fractions were pooled, concentrated and stored at 

-80° C in 50 mM sodium carbonate, containing 208 mM NaCl and 1 mM TCEP (pH = 9.5). 
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Inhibition kinetics  

The kinetic mechanism of inhibition of human recombinant MAGL by JNJ-42226314 was 

determined via an enzymatic assay quantifying arachidonic acid by RapidFire-MS (RF-MS).  

Briefly, responses of JNJ-42226314 were tested at various substrate (2-AG) concentrations, with 

initial rates () analyzed as a function of substrate (S) and inhibitor (I) concentrations through a 

global fit via least squares method to determine the inhibition mechanism according to equation 1 

below (Copeland, 2005).  Vmax in these equations refers to the maximum velocity, Km the Michalis-

Menten constant, Ki the inhibition constant for the formation of the binary EI complex, and  the 

substrate and inhibitor interaction constant for the formation of the tertiary ESI complex.  All 

enzymatic reactions were run in 50 mM Tris-HCl, containing 50 mM NaCl, 5 mM MgCl2, 1 mM 

EDTA, 0.002% Tween-20, 0.01 mg/ml BSA, 7.5% DMSO and 2.5% ethanol (pH = 7.5) in a total 

volume of 40.4 L.  Inhibitor (0.4 l), serially diluted in pure DMSO, was added to a 384-well 

plate (Greiner; Monroe, NC). Substrate (2-AG) (20 l), serially diluted in assay buffer, was added 

to the plate containing the test inhibitor. Human recombinant MAGL (20 l, final concentration = 

1 nM) was added to the substrate-inhibitor mixtures to initiate the reaction. The reaction mixtures 

were incubated at room temperature (22º C) for 10 min, and the reactions were quenched by adding 

10 µL formic acid to a final concentration of 1%. The amount of arachidonic acid produced was 

quantified by RF-MS in a mobile phase of 0.1% acetic acid in water (solution A) and 90% 

acetonitrile in 0.1% acetic acid (solution B). 

  =
𝑉max[S]

𝐾m(1+
[I]

𝐾i
)+[S](1+

[I]

𝛼𝐾i
)
 () 
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In vitro equilibrium binding assay using [3H] SAR-127303 

Compound binding to MAGL was evaluated in plasma membrane preparations from rat, mouse 

and human brain samples using [3H] SAR-127303 (Moravek, Brea, CA).  Whole rodent brains 

were collected immediately after sacrifice by CO2 inhalation and frozen on dry ice.  The human 

brain sample, a fragment of frontal cortex, was obtained from the Anatomy Gifts Registry 

(Hanover, MD).   The subject was an 84-year-old male who perished of causes not directly 

attributable to CNS disease. Brain samples from all species were homogenized using a PowerGen 

35 homogenizer (Fisher Scientific, Hampton, NH) in 10 ml/g 125 mM Tris, 1 mM EDTA and 0.4 

mM HEPES (pH = 7.5) on wet ice.  Membrane fractions were prepared by centrifugation.  First, 

debris was removed by low-speed centrifugation (1000 x g for 10 min, at 4o C).  The supernatant 

fraction from the first centrifugation was then centrifuged at 35000 x g for 30 min at 4o C.  The 

supernatant fraction from the second centrifugation was discarded, and the membrane pellet was 

reconstituted in 125 mM Tris, 1 mM EDTA and 0.4 mM HEPES (pH = 7.5.  Total membrane 

protein was estimated using a Nanovue (GE Healthcare Life Sciences, Pittsburgh, PA).  Membrane 

samples reconstituted from the membrane pellet were stored at -80o C and used after one thaw. 

 For equilibrium binding assays, membrane homogenate (350 g total membrane protein 

per reaction) was combined with radioligand at various concentrations of the unlabeled compound 

of interest in a total volume of 100 L.  The radioligand was [3H] SAR-127303 (Moravek, Brea, 

CA) prepared at a specific activity of 10 Ci/mmol and used at a final concentration of 8 nM.  

Compounds were diluted from 10 mM DMSO stocks.  All components were diluted in assay buffer 

containing 10 mM Tris, 1 mM EDTA and 1% bovine serum albumin (pH = 7.0).  Reactions were 

incubated at 21o C for 90 min in 1.5-mL microfuge tubes (E&K Scientific, Santa Clara, CA).  
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Reactions were terminated by adding 1 mL of iced binding buffer followed by immediate 

centrifugation at 20,800 x g for 10 min at 4o C.  The supernatant was aspirated, and the pellet was 

washed twice with 1 mL of iced binding buffer.  After aspirating the supernatant of the final wash, 

the pellet was dissolved in 100 L of 0.5 M NaOH, then counted in a scintillation counter (LS6500, 

Beckman Coulter, Fullerton, CA).  Results were evaluated using a one site model (GraphPad Prism 

7.0).  IC50 values were converted to Ki values as previously described (Cheng and Prusoff, 1973).  

 

In vitro reversibility assay  

Dissociation rates for compounds were determined using conditions similar to those used for 

equilibrium binding.  Briefly, membrane homogenates were combined with an IC80 concentration 

of compound (determined by equilibrium binding above) and preincubated for 60 min at 37o C 

with gentle agitation.  The reaction was then diluted 15-fold with radioligand to a final 

concentration of 8 nM.   The reaction was terminated at various time points by centrifugation, 

washed with 10 mM Tris, 1 mM EDTA and 1% BSA (pH = 7.5), and radioactivity in the pellet 

determined as described above.  Dissociation rates were determined using a one phase exponential 

decay model (GraphPad Prism 7.0).   

 

In vitro competitive activity-based protein profiling studies 

Human, rat and mouse tissues were processed to isolate membrane and soluble fractions as 

described previously (Nomanbhoy et al., 2003).  Briefly, brain or liver samples (Analytical 

Biological Services) were Dounce-homogenized in 50 mM HEPES (pH = 7.4) containing 320 mM 

sucrose followed by centrifugation at 1400 x g for 3 min to remove the cellular debris.  The 
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supernatant was subjected to ultracentrifugation at 145000 x g for 45 min to produce the soluble 

fraction in the supernatant and the pelleted membrane fraction.  The membrane fraction was 

washed in lysis buffer by Dounce-homogenization, re-isolated by ultracentrifugation and 

resuspended in lysis buffer by Dounce-homogenization.  Total protein concentration was assessed 

for the soluble and membrane fractions using the bicinchoninic acid (BCA) assay (ThermoFisher 

Scientific; Waltham, MA).  Samples were diluted to 1 mg/mL in lysis buffer, snap frozen on liquid 

nitrogen and stored at -80° C until use. 

Competitive activity-based protein profiling (ABPP) was used as previously described to 

examine inhibitor selectivity against the serine hydrolase family (Jessani et al., 2002).  Briefly, 

soluble or membrane proteomes (1 mg/mL) were incubated with inhibitors (0, 1 or 10 M) for 30 

min at room temperature under rotation in a final volume of 50 L lysis buffer containing 10 mM 

MgCl2 and DMSO at a final concentration of 2%.  FP-Rh probe was then added to the sample at a 

final concentration of 10 M and further incubated for 30 min at room temperature while rotating.  

Reactions were quenched by adding 25 L of 3x SDS-PAGE loading buffer and heating to 75 °C 

for 10 min.  Proteins were resolved on a 4-12% BoltTM Bis-Tris mini-gel (10 L sample/lane) at 

150 V for 2 hr using 4° C chilled 1x Mops buffer and BoltTM antioxidant in the front compartment 

of the gel box (ThermoFisher Scientific; Waltham, MA).  The use of chilled running buffer and 

antioxidant reagent improved the resolution of serine hydrolases.  The Chameleon Duo Pre-stained 

Protein Ladder was used to mark molecular weights on the gels (LI-COR Biosciences; Lincoln, 

NE).  Upon completion, gels were rinsed with deionized water and scanned for fluorescence using 

a Typhoon 9500 system, excitation with 532 nm laser and long pass green emission filter (GE Life 

Sciences; Marlborough, MA). 
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In vitro selectivity panel  

JNJ-42226314 selectivity was further assessed in an extensive panel of binding assays  including 

adenosine (A1, A2A, A3), adrenergic (1, 2, 1), angiotensin (AT1), dopamine (D1, D2), bradykinin 

(B2), cholecystokinin (CCKA), galanin (GAL2), melatonin ML1), muscarinic (M1, M2, M3), 

neurotensin (NT1), neurokinin (NK2, NK3), opiate (,  ), serotonin (5-HT1A, 5-HT1B, 5-HT2A, 

5-HT3, 5-HT5A, 5-HT6, 5-HT7), somatostatin, vasopressin (V1a), dopamine transporter, 

norepinephrine transporter and ion channels (sodium, potassium, calcium and chloride).  The 

assays were performed by Eurofins (Celles L’Evescault, France).   

JNJ-42226314 was also tested against an in-house panel of other receptors, enzymes, and 

ion channels that could potentially mediate analgesic effects, including human COX1/COX2, 

human TRPV1 receptor, rat N-Type calcium channel, canine TRPM8, human and rat FAAH, and 

human CB1 and CB2.   

 

In vivo studies 

All animal experiments were performed in accordance with the Guide for Care and Use of 

Laboratory Animals adopted by the US National Institutes of Health (Institute of Laboratory 

Animal Resources (U.S.). Committee on Care and Use of Laboratory Animals.) and approved by 

the Janssen Research & Development Institutional Animal Care and Use Committee.  Animals 

were housed under controlled conditions with a 12 hr light/dark schedule and a temperature of 22 

± 2o C. Food and water were provided ad libitum.  Experiments were performed after a one-week 

acclimation period unless stated otherwise. 
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Ex vivo MAGL and CB1 occupancy studies  

Experiments were performed in 18 male C57Bl/6 mice weighing 20-30g (The Jackson Laboratory, 

Bar Harbor, ME) and 27 male Sprague-Dawley rats weighing 300-400 g (Harlan Laboratories, 

Livermore, CA). Animals received intraperitoneal injections of JNJ-42226314 or vehicle before 

time- and dose-dependency were assessed.  The animals were euthanized with CO2 at varying 

time points after drug administration (n = 3 per time point or dose).  Brains were rapidly removed 

and frozen on powdered dry ice and stored at −80° C until sectioning.  Plasma samples were also 

collected for bioanalysis of JNJ-42226314 and 2-AG by LC-MS/MS.  Twenty-micron thick tissue 

sections at the level of the hippocampus were prepared for autoradiography.  MAGL radioligand 

binding was determined at room temperature with 3 nM [3H] SAR-127303 (20.7 Ci/mmol) in 50 

mM Tris containing 1% BSA (pH = 7.4).  Sections were incubated for 10 min to minimize 

dissociation.  Determination of nonspecific binding was made in the presence of 10 M KML29 

(Chang et al., 2012).  Slides were washed 4 x 10 minutes in incubation buffer followed by 2 dips 

in deionized water. Sections were allowed to dry before scanning with a β-Imager (Biospacelab; 

Nesles la Vallee, France) for 2 hr.  Quantitative analysis was performed using the M3 Vision 

(Biospacelab; Nesles la Vallee, France).  Ex vivo MAGL labelling was expressed as the percentage 

of specific labelling in corresponding brain areas of vehicle-treated animals.  The percentage of 

MAGL occupancy was plotted against time or dose using GraphPad Prism.   

A similar procedure was used to measure CB1 occupancy on adjacent sections.  Sections 

were incubated with 10 nM [3H] CP-55940 (164.9 Ci/mmol) (Herkenham et al., 1990) and 10 M 

AM-251 (Gatley et al., 1996) was used to determine nonspecific binding.  Sections were incubated 

for 10 min to minimize dissociation.  
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In vivo microdialysis  

A total of 51 male Sprague-Dawley rats (Charles River Laboratories, Hollister, CA) weighing 

approximately 300–400 g were used.   

For hippocampal 2-AG measurements, a 14-mm guide cannula (MAB 2/6/9.14/IC; SciPro, 

Sanborn, NY) was surgically implanted into the hippocampus (from bregma: AP = -5.6 mm, ML 

= 5.0 mm, DV = -3.0 mm), and animals were allowed a 1-week recovery period prior to 

experimentation.  On the morning of the experiment, 6 mm shaft/4 mm membrane probes (MAB 

6.14.4 PES, 15-kDa MW cutoff; SciPro, Sanborn, NY) were slowly inserted into the cannula.  The 

probes were perfused continuously with 10% HP--CD w/v in 1x artificial cerebrospinal fluid 

(aCSF) at a rate of 0.7 µL/min in order to optimize 2-AG collection, as described previously 

(Buczynski and Parsons, 2010).  Baseline collection began after an acclimatization period of 60 to 

120 min.  Samples were collected every 30 min into a 96 well plate at 1o C.  Each well contained 

29 μL of acetonitrile to help retard 2-AG isomerization in the dialysate.  Test compounds or vehicle 

were administered intraperitoneally, and collection continued for 150-min.  Dialysis samples were 

analyzed for 2-AG by LC (Shimadzu LC-30AD with CBM-20A system controller) with MS/MS 

detection.  A Kinetex (Phenomenex; Torrance, CA) 1.7 µm XB-C18 100 Å, 2.1 x 100 mm UHPLC 

column was used with a mobile phase containing a mixture of 0.1% formic acid in water (solvent 

A) and 0.1% formic acid in acetonitrile (solvent B).  The mobile phase was held at an A:B ratio of 

80:20 for 1.5 min.  The step gradient was quickly changed for 2 min to an A:B ratio of 30:70, then 

slowly changed over the next 5.5 min to an A:B ratio of 25:75 and then quickly to A:B ratio of 

5:95 in 0.5 min, held for 2 min, then returned to starting conditions.  The total run time was 12.5 

min, and the flow rate was 0.35 mL/min.  Tandem mass spectrometric (MS/MS) detection was 
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performed on a SCIEX 6500 + Q-trap (SCIEX; Framingham, MA) in the positive ion mode by 

multiple reaction monitoring (MH+/daughter was 379.2 → 287.3 m/z).  The detection limit for 2-

AG was 0.2 pg/10 μL. 

For cortical norepinephrine (NE) measurements, a 4-mm guide cannula was surgically 

implanted into the medial prefrontal cortex (from bregma: AP = 3.2 mm, ML = 1.0 mm, DV = -

1.0 mm), and animals were allowed to recover for 1 week prior to experimentation.  On the evening 

before the experiment, 4 mm shaft/4 mm membrane probes (AJ-4-04, 50-kDa MW cutoff; Amuza; 

San Diego, CA) were perfused continuously with 1x aCSF at a rate of 1.0 µL/min and were slowly 

inserted into the cannula.   On the morning of the experiment, dialysate samples were collected in 

a 96-well plate at 4o C and a flow rate of 1.1 µL/min, with a collection time of 30 min per sample.  

Test compounds or vehicle were intraperitoneally administered, and collection continued for 150 

min.  Collected samples were analyzed for NE by HPLC with electrochemical detection using an 

Eicompak CA-5ODS column (2.1 mm i.d. x 150 mm; Amuza; San Diego, CA) with the graphite 

electrode potential set to +450 mV against an Ag/AgCl reference electrode. The mobile phase 

consisted of 100 mM sodium phosphate buffer, containing 400 mg/L octanesulphonic acid, 50 

mg/L EDTA and 5% (v/v) methanol (pH = 6.0). The detection limit for NE was below 10 fg/10 

μL. 

 

In vivo electrophysiology  

A total of 20 male Sprague-Dawley rats (Charles River Laboratories, Hollister, CA) weighing 

approximately 300–400 g were used. 
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Animals were anesthetized with isoflurane (5% for induction, 1.5% for maintenance; 0.9 

L/min flow rate) and head-fixed in a stereotaxic apparatus.  Body temperature was maintained with 

a homeothermic heating pad, and respiration, heart rate and pulse oximetry were continuously 

monitored.  A 2.5-mm piece of skull over the hippocampus was removed, and the exposed dura 

mater was carefully opened to allow for insertion of a concentric bipolar stimulating electrode 

(FHC; Bowdoin, ME) and tungsten recording microelectrode (World Precision Instruments; 

Sarasota, FL) into the Schaffer collateral pathway and pyramidal cell layer of CA1, respectively, 

using the following stereotaxic coordinates from bregma: stimulating electrode: AP = 3.4 mm, ML 

= 2.75 mm; recording electrode: AP = 4.4 mm, ML = 2.25 mm.  Electrodes were initially inserted 

to a depth of 2 mm below the pial surface before evoked responses were obtained with test stimuli 

to aid in determining the final electrode placement.  

Stimulation intensity was adjusted to evoke a 30–60% maximal response, and subsequent 

stimulus pulses were continuously delivered at 0.33 Hz.  Signals were amplified and filtered (1 Hz 

to 10 kHz, DAM80 bio-amplifier; World Precision Instruments), before collection (40-kHz 

sampling; PowerLab 16/35 data acquisition unit; LabChart Pro software; ADInstruments; 

Colorado Springs, CO).  A 10 min period of stable baseline recordings was obtained before 

compound or vehicle administration.  Evoked responses were obtained for an additional 90 min 

thereafter.  At the end of most recording sessions, the brain was removed and quickly frozen to 

determine 2-AG and compound concentrations via LC-MS/MS. The evoked field potential slope 

was measured and normalized to the mean baseline slope for that animal.  Results were then 

averaged across animals for each dosing group according to time relative to compound or vehicle 

dosing. 
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Sleep/wake recording and analysis 

Experiments were conducted in 15 male Sprague-Dawley rats, weighing 350–450 g (Harlan 

Laboratories, Livermore, CA).  Animals were surgically implanted with radio-telemetry probes 

(PhysioTel F40-EET; Data Sciences International (DSI), St. Paul, MN) to record locomotor 

activity and body temperature, with two epidural electrodes placed in the frontal and parietal cortex 

to record the electroencephalogram (EEG) activity and in the dorsal nuchal muscles to record the 

electromyogram (EMG) activity.  Animals were allowed to recover for two weeks before being 

moved to a room housing receiving platforms to record wireless signals sent from the telemetry 

probes. EEG and EMG signals were recorded and digitized at a sampling rate of 250 Hz, with high 

and low pass filters set at 0.5 and 60 Hz, respectively, on a PC computer running Dataquest ART 

software (DSI).  Polysomnographic wave forms were analyzed in 10-sec periods and visually 

classified as wake, non-rapid eye movement (NREM) or rapid eye movement (REM) sleep using 

NeuroScore software (DSI).  EEG gamma power during wake was determined by power spectral 

analysis using a Fast-Fourier transform with a frequency range of 30-60 Hz and was expressed as 

a percentage of the total power of the recorded signal.   

The effects of JNJ-42226314 were assessed in two separate groups of animals (3 mg/kg 

and 30 mg/kg), with animals in each group also receiving a control vehicle dosing.  A minimum 

of a 3 day and a maximum of a 7 day washout period was observed between JNJ-42226314 and 

vehicle treatments.  In each study, JNJ-42226314 or vehicle was administered by i.p. injection at 

8:00 a.m., two hr after the start of the ‘light phase,’ to correspond to the time of day in which the 

in vivo electrophysiology experiments were conducted.  Signals were recorded for 10 hr afterward.  

Latency to NREM sleep was defined as the time interval between treatment and the first six 

consecutive NREM epochs, while REM sleep latency was defined as the time interval between 
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treatment and the first two consecutive REM epochs.  For each animal, total wake, NREM and 

REM sleep time and average wake gamma power were determined over successive 2-hr periods 

after dosing to provide enough time points for appropriate statistical analysis.  Locomotor activity 

and body temperature were assessed in 1-hr periods.  Results were averaged across animals and 

expressed as the mean ± S.E.M. within each time interval.  

 

Rat complete Freund’s adjuvant (CFA) induced radiant heat hypersensitivity  

To assess the ability of JNJ-42226314 to reverse CFA-induced thermal hyperalgesia, baseline 

response latencies on a radiant heat paw stimulator were obtained before an intraplantar injection 

of 100 μL (1 μg/μL) CFA (1:1 CFA:saline) in 30 male Sprague-Dawley rats (250-350 g), as 

previously described (Parsons et al., 2015).  Withdrawal responses that consisted of quick hind 

paw movements away from the stimulator were recorded.  Paw movements associated with 

locomotion or a shifting of weight were not counted.  Stimulus intensities evoking 10- to 15-sec 

baseline withdrawal latencies were used, with a maximum cutoff of 20 sec.  Hypersensitivity was 

evaluated 24 hr after CFA administration.  Only rats that exhibited at least a 25% reduction in 

response latency from baseline (i.e., hyperalgesia) were included for further analysis.  Blood 

samples and brains were removed from the rats immediately following the last behavioral measure 

and analyzed for the concentration of JNJ-42226314 as well as 2-AG.   

 

Chronic constriction injury (CCI)-induced cold hypersensitivity assay  

To assess the ability of JNJ-42226314 to reverse chronic constriction injury (CCI)-induced cold 

hypersensitivity, four loose ligatures of 4-0 chromic gut were surgically placed around the left 
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sciatic nerve of 36 male Sprague-Dawley rats (175- 325 g), under inhalation anesthesia, as 

described by (Bennett and Xie, 1988).   Fifteen to 35 days following CCI surgery, animals were 

placed in elevated observation chambers consisting of wire mesh floors.  A series of five 

applications of acetone (0.10 mL/application) was gently sprayed onto the underside of the paw 

through the mesh floor using a multi-dose syringe device.  Positive responses consisted of a rapid 

or protracted withdrawal or lifting of the paw.  The percentage of positive responses from the five 

trials represented the animal’s overall response, which was then averaged within each treatment 

group.  Percent inhibition was then calculated as:    

% Inhibition = [1 - (responses after JNJ-42226314 treatment / responses after vehicle treatment)] 

x 100.  

 

Statistics 

Results are given as the mean ± standard error of the mean (S.E.M.).  To assess whether the data 

deviated from normality, we employed the Shapiro and Wilk’s W test for normality. Data across 

all experimental replicates for each dose and each timepoint were tested, with a false discovery 

rate correction to account for the multiple tests.  Treatment effects on field EPSPs, 2-

AG/norepinephrine microdialysis AUC measurements and CCI-induced cold allodynia were 

analyzed by one-way analysis of variance (ANOVA) followed by Dunnett’s multiple 

comparisons post hoc test to determine significance versus vehicle.  Paired t-tests were used to 

assess treatment effects on sleep latencies. Time course data from experiments assessing 

treatment effects on 2-AG microdialysis, sleep/wake duration, locomotor activity, body 

temperature, gamma power, and CFA/CCI-induced pain hypersensitivity were analyzed via two-
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way repeated measures ANOVA (treatment x time as factors), followed by Bonferroni multiple 

comparisons post hoc test to determine significance versus vehicle at a given time point.  

Norepinephrine microdialysis time course data was analyzed with a Linear Mixed-Effects (LME) 

model to compare treatments effects over time with ‘Treatment’ and ‘Time’ as fixed effects and 

‘animal’ as a random effect.  The information derived from the model was used to make pairwise 

treatment comparisons with false discovery rate adjusted p-values.  Differences at p < 0.05 were 

considered statistically significant. ANOVA and t-tests were performed with GraphPad Prism, 

version 7.0.  LME analysis was performed with R software, version 3.5.0 (https://www.r-

project.org/).   
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RESULTS 

JNJ-42226314 is a potent inhibitor of MAGL across species  

Inhibition of native human MAGL in HeLa cells or human PBMC by JNJ-42226314 was 

measured using an in vitro assay measuring cleavage of radioactive substrate [3H] 2-OG (Table 

1).  MAGL is the predominant serine hydrolase (approximately 90%) in HeLa cells and 

homogenates thereof (Dinh et al., 2004). The blockade of MAGL hydrolytic activity by JNJ-

42226314, JZL-184 or SAR-127303 (10 M) corresponds to >95% of the blockade achieved by 

the pan-hydrolase inhibitor methyl arachidonyl fluorophosphonate (MAFP, 10 M).  By 

comparison, the ABHD6 inhibitor N-methyl-N-[[3-(4-pyridinyl)phenyl]methyl]-carbamic acid 4'-

(aminocarbonyl)[1,1'-biphenyl]-4-yl ester  (WWL70, 10 M) lacked significant effect in this assay 

(data not shown).  Substrate exhaustion under standard assay conditions was experimentally ruled 

out. Secondary washes were applied to the charcoal filter to show the total amount of [3H]-2-OG 

hydrolyzed under standard assay conditions. Less than 10% of the labeled substrate was 

hydrolyzed, thereby ruling out reagent exhaustion artifacts.   

The potency of JNJ-42226314 to inhibit human MAGL from HeLa cells or from human 

PBMCs was comparable and in the low nM range.  No speciation was identified, as shown by the 

comparable potency to inhibit MAGL in mouse and rat brain (Table 1).  SAR-127303 and KML-

29 exhibited similar potency to JNJ-42226314 in inhibiting human, rat and mouse MAGL.   As 

previously reported (Pan et al., 2009), the covalent MAGL inhibitor JZL-184 was a more potent 

inhibitor of human and mouse MAGL than rat MAGL (Table 1).     
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JNJ-42226314 is a reversible MAGL inhibitor and inhibits MAGL competitively with respect to 

the 2-AG substrate 

Displacement of JNJ-42226314 bound to human brain membranes was shown using [3H]-

SAR-127303.  For simplicity, compound displacement is reported here as the t1/2, which equals 

ln(2)/kd.  Time-dependent displacement of JNJ-42226314 occurred with a t1/2 of 12 ± 2 min at 37o 

C, indicative of reversible binding/inhibition by this compound (Figure 2A).  In contrast, SAR-

127303, which forms a covalent bond with MAGL, was irreversible, as it was not displaced by 

[3H] SAR-127303.  Rat and mouse dissociation rates for JNJ-42226314 were very similar and 

approximately half that of human (Table 2).  Inhibition of recombinant human MAGL by JNJ-

42226314 was also demonstrated to be reversible by following the recovery of enzyme activity 

from a preincubation mixture of MAGL and JNJ-42226314 after jump dilution (data not shown).  

The mode of action for the inhibition of human MAGL by JNJ-42226314 was then studied 

in detail utilizing a recombinant human enzyme generated as described in the Materials and 

Methods section.  Initial reaction rates were obtained in the presence of different concentrations 

of substrate and inhibitor to determine the mode of MAGL inhibition by JNJ-42226314. The 

results were evaluated by global fit through a least squares analysis according to equation 1 (see 

Materials and Methods). The experimental and theoretical values calculated according to the 

global fit are shown in Figure 2B. The  value from the fit to eq. 1 is large (13 ± 6), indicating 

competitive inhibition of MAGL by JNJ-42226314. The kinetic parameters calculated from the 

least squares analysis according to eq. 1 were: Vmax = 3.37 ± 0.07 M/min; Km = 71 ± 5 M; Ki = 

0.020 ± 0.003 M. These results represent the mechanistic understanding of JNJ-42226314 

obtained through initial rate analysis (see Materials and Methods, Inhibition kinetics). The full 
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biochemical and biophysical characterization of the inhibitor-enzyme interaction will be the 

subject of a future publication. 

 

JNJ-42226314 is highly selective for MAGL 

Selectivity for JNJ-42226314 against the serine hydrolase superfamily was assessed at 1 

and 10 M by competitive activity-based protein profiling (ABPP) using membrane and soluble 

proteomes  prepared from human, mouse and rat tissues (Liu et al., 1999; Leung et al., 2003).  For 

comparison, the covalent MAGL inhibitor JZL-184 (Long et al., 2009a) was included.  The 

covalent FAAH inhibitor PF-3845 (Ahn et al., 2009) was also included for confirmation of FAAH 

bands.  The treated proteomes were resolved on 4-12% gradient gels to visualize the maximum 

number of serine hydrolases and better assess broad selectivity from human brain (Figure 3A) and 

liver (Figure 3B) membrane proteomes as well as from human brain (Figure 3C) and liver (Figure 

3D) soluble proteomes.  MAGL was more clearly resolved by a longer electrophoresis until the 25 

kDa protein marker was running off the gel (panels at the bottom of Figure 3A and 3B).  JNJ-

42226314 showed partial and complete inhibition of MAGL at 1 and 10 M, respectively, with no 

off-targets in the human brain and liver membrane proteomes.  JNJ-42226314 also showed no off-

targets in human brain and liver soluble proteomes.  JZL-184 was also highly selective in human 

brain proteomes but showed off-targets at 10 M corresponding to a band at ~65 kDa in human 

liver proteomes.  PF-3845 completely inhibited FAAH in human brain membrane proteomes at 1 

and 10 M and showed no-off targets in human brain and liver proteomes as previously reported 

(Ahn et al., 2009).  The high selectivity observed for JNJ-42226314 was maintained across species, 

as off-targets were also not observed in rat and mouse proteomes (Supplemental Figures 1 and 
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2, respectively).  Similarly, JZL-184 was highly selective in brain proteomes but showed off-

targets in liver proteomes derived from rat and mouse.   

To further assess the specificity of JNJ-42226314 relative to other unrelated targets, it was 

evaluated in a panel of 50 binding assays for ion channels and receptors, including CB1 and CB2.  

At 10 M, JNJ-42226314 displayed binding to four targets by greater than 50%: rat kappa opioid 

receptor, rat 5-HT1B receptor, rat chloride ion channel and human dopamine transporter.  However, 

in follow-up studies to assess functional activity in cellular assays, JNJ-42226314 produced no 

functional agonist or antagonist activity at the rat kappa opioid receptor.  JNJ-42226314 at 10 M 

behaved as a weak partial agonist of the rat 5-HT1B receptor (50% of control agonist response) and 

inhibited dopamine uptake by 35%, respectively. 

Taken together, these data demonstrate that JNJ-42226314 is highly selective for MAGL 

relative to other mammalian serine hydrolases and other unrelated targets including receptors and 

ion channels.  

 

Systemic administration of JNJ-42226314 engages MAGL and CB1.  

Time- and dose-dependency of MAGL occupancy in vivo, as assessed by ex vivo binding 

autoradiography of [3H] SAR-127303 in rat hippocampus brain tissue sections after intraperitoneal 

administration, are shown in Figure 4.   

Intraperitoneal administration of JNJ-42226314 (30 mg/kg) inhibited [3H] SAR-127303 

binding in the rat hippocampus, indicating brain penetration. JNJ-42226314 quickly reached 

maximal MAGL occupancy at 30 min and remained at this level for at least 8 hr before declining 

to approximately 13% occupancy at 24 hr (Figure 4A).  Corresponding compound plasma and 
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brain concentrations, as well as brain 2-AG levels, are presented in Table 3.  Overall, there was a 

general association between 2-AG and compound concentration, as 2-AG levels decreased along 

with JNJ-42226314 plasma/brain levels.   

For the rat dose-response study, MAGL occupancy was measured 30 min after drug 

administration (Figure 4B). This time point corresponded with the maximum measured plasma 

drug concentration (tmax) of JNJ-42226314 after the 30 mg/kg dose (Table 3).  At the lower dose 

tested in this study (0.3 mg/kg), 49% MAGL occupancy was measured, corresponding to a plasma 

concentration of 75 ng/mL and a brain concentration of 42 ng/g.  Dose-dependent increases in 

brain 2-AG levels were observed (Figure 4C), which were associated with measurable CB1 

occupancy (Figure 4D).   Maximal CB1 occupancy (~ 80 %) was reached at 30 mg/kg, as assessed 

by ex vivo autoradiography with [3H] CP-55940.  

A mouse dose-response study was also performed in order to assess any species-specific 

differences in target engagement or compound exposure.  MAGL occupancy was measured at the 

30-min time point (Table 4).  The measured ED50 was 0.5 mg/kg (95% confidence interval, 0.4 to 

0.7 mg/kg).  The ED50 dose of 0.5 mg/kg in this study corresponded to a calculated plasma 

exposure of 51 ng/mL and a brain exposure of 30 ng/g, similar to what was observed in the rat.        

 

JNJ-42226314 dose-dependently elevates hippocampal 2-AG in vivo  

 The effect of systemic JNJ-42226314 administration on brain 2-AG levels was assessed in 

the hippocampus of awake, behaving rats via in vivo microdialysis.  Both 3 mg/kg and 30 mg/kg 

(i.p.) evoked time- and dose-dependent elevations in hippocampal 2-AG levels relative to vehicle 

controls [F (16, 184) = 14.16, P < 0.001], with 2-AG concentrations peaking at approximately 300% 
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(3 mg/kg) and 500% (30 mg/kg) of vehicle control levels 60 min after compound administration 

(Figure 5A).  Analysis of total area under the curve (AUC) for the entire 150-min post-dosing 

collection period revealed significant treatment effects of JNJ-42226314 on 2-AG levels [F (2, 23) 

= 19.37, P < 0.001] (Figure 5B). 

 

JNJ-42226314 dose-dependently inhibits evoked synaptic responses in CA1 in vivo  

 In vivo electrophysiological recordings from hippocampal CA1 in anesthetized rats 

revealed a dose-dependent depression of evoked field excitatory postsynaptic potentials (fEPSP) 

produced by systemic JNJ-42226314 administration (Figure 5C).  Analysis of fEPSP slope 90 

min post-dosing revealed significant dose effects of JNJ-42226314 [F (2, 17) = 13.84, P < 0.001], 

with fEPSP slope being significantly reduced relative to vehicle-treated controls after 30 mg/kg 

(78% of pre-dosing baseline vs. 95% of pre-dosing baseline, respectively), but not 3 mg/kg (91% 

of baseline vs. 95% of baseline) dosing (Figure 5D).  At the end of most recording sessions, brains 

were rapidly removed and frozen for later determination of 2-AG and JNJ-42226314 

concentrations.  Analysis of whole-brain homogenates revealed a positive correlation between 2-

AG levels and fEPSP inhibition (Figure 5E; EC50 = 7.1 g/g 2-AG; R2 = 0.70) as well as between 

JNJ-42226314 concentration and fEPSP inhibition (Figure 5F; EC50 = 251 ng/g JNJ-42226314; 

R2 = 0.69).  Compared with the rat brain 2-AG and JNJ-42226314 concentration data from the 

MAGL occupancy study (Table 4), these EC50 values are within the range of concentrations that 

correspond to approximately 90% MAGL occupancy.    

 

JNJ-42226314 dose-dependently prolongs wakefulness in rats  
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 Acute effects of JNJ-42226314 on sleep-wake patterns were investigated in rats.  Relative 

to vehicle, intraperitoneal administration of 30 mg/kg JNJ-42226314 two hr after onset of the light 

(rest) phase significantly increased total wake time for up to 8 hr afterward [F (4, 28) = 9.143, P < 

0.001], whereas total wake time was only elevated for 2 hr following a 3 mg/kg dose of JNJ-

42226314 [F (4, 24) = 4.032, P = 0.012] (Figure 6A).  Wake gamma power, a measure associated 

with working memory and attention, was not significantly affected during the 10-hr period 

following 3 mg/kg JNJ-42226314 administration [F (1, 59) = 0.002, P = 0.96]; however, 30 mg/kg 

significantly reduced gamma power [F (1, 7) = 7.33, P = 0.03] (Figure 6B).    

Dose-dependent effects on the duration of NREM and REM sleep were also observed over 

the 10-hr post-dosing period.  3 mg/kg JNJ-42226314 decreased the duration of NREM sleep 

versus vehicle for two hr after dosing [F (4, 24) = 3.15, P = 0.03], while this measure was 

significantly reduced for up to 8 hr after 30 mg/kg administration [F (4, 28) = 9.85, P < 0.001] 

(Figure 6C).  Likewise, REM sleep was almost entirely abolished for the 10-hr period following 

30 mg/kg JNJ-42226314 [F (4, 28) = 8.73, P < 0.001] but was much more moderately affected 

following 3 mg/kg dosing [F (4, 24) = 3.05, P = 0.04], with a non-significant reduction in REM sleep 

during the first two hr after dosing (Figure 6D).      

Similarly, both 3 and 30 mg/kg doses of JNJ-42226314 increased the latency to the first 

bouts of non-REM (NREM) and REM sleep, though the effects were more pronounced at 30 mg/kg 

for both NREM (3 mg/kg: 68.1 ± 12.5 min, vehicle: 31.2 ± 5.3 min, P < 0.05 via paired t-test; 30 

mg/kg: 104.1 ± 15.3 min, vehicle: 29.4 ± 2.9 min, P < 0.001 via paired t-test) and REM (3 mg/kg: 

135.2 ± 15.6 min, vehicle: 64.9 ± 12.3 min, P < 0.05 via paired t-test; 30 mg/kg: 487.7 ± 28.0 min, 

vehicle: 68.6 ± 12.5 min, P < 0.001 via paired t-test) latencies.  
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Overall locomotor activity and body temperature were also measured during this period in 

order to determine if JNJ-42226314 induced hypolocomotive and hypothermic effects 

characteristic of direct CB1 agonists (Wiley et al., 1998).  Neither dose of JNJ-42226314 decreased 

locomotor activity (Supplemental Figure 3); however, a brief increase in locomotion was 

observed during the first hour after dosing in 3 mg/kg JNJ-42226314 treated rats.  A delayed 

hypothermia, beginning around 3 hours after dosing and persisting through the end of the 10-hr 

observation period, occurred in rats treated with 30 mg/kg JNJ-42226314.  Significant 

hypothermic effects were transiently observed at the 6 hr timepoint after treatment with 3 mg/kg 

JNJ-42226314. 

 

JNJ-42226314 dose-dependently increases norepinephrine release in cortex  

 In vivo microdialysis was employed to measure the effect of JNJ-42226314 on extracellular 

concentrations of norepinephrine in the medial prefrontal cortex (mPFC) of freely moving rats.  

Both 3 mg/kg and 30 mg/kg (i.p.) evoked time- and dose-dependent increases in cortical 

norepinephrine, with concentrations peaking at approximately 175% (3 mg/kg) and 250% (30 

mg/kg) of baseline measurements (vehicle baseline: 0.167 ± 0.007 pg/L; 3 mg/kg baseline: 0.196 

± 0.011 pg/L; 30 mg/kg baseline: 0.188 ± 0.011 pg/L) 60 min after compound administration 

(Figure 7A).  Norepinephrine levels in animals treated with 30 mg/kg remained elevated versus 

vehicle-treated animals for the duration of the 150-min post-dose collection period (P < 0.001), 

whereas they returned to baseline levels after 60 min in animals treated with 3 mg/kg.  AUC 

analysis for the 150-min post-dosing collection period revealed significant treatment effects of 

JNJ-42226314 on NE levels [F (2, 22) = 103.5, P < 0.0001] (Figure 7B). 
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JNJ-42226314 is antinociceptive in the rat CFA model of inflammatory pain  

In the complete Freund’s adjuvant (CFA) model of inflammatory pain, 30 mg/kg JNJ-

42226314 produced a complete time-dependent reversal of hypersensitivity to a radiant heat 

stimulus, with a statistically significant effect versus vehicle treatment observed from 30 to 180 

min post-compound administration and the peak effect occurring at 100 min (Figure 8A).  In 

separate groups of animals, the anti-hyperalgesic effect of JNJ-42226314 at 100 min post-

compound administration was shown to be dose-dependent (Figure 8B), with an ED50 value of 

3.0 mg/kg (PharmTools Pro).  In addition, JNJ-42226314 reversed mechanical hypersensitivity in 

the paw pressure test (data not shown).   

In the same animals used for the CFA experiment, blood samples and brains were removed 

from the rats immediately following the last behavioral measure and analyzed for JNJ-42226314 

concentration as well as 2-AG.  At the calculated ED50 value of 3.0 mg/kg, levels of JNJ-42226314 

in plasma and brain were 66 ng/mL and 166 ng/g, respectively; and the levels of 2-AG were 170 

ng/mL and 12522 ng/g, respectively.  

 

JNJ-42226314 is antinociceptive the rat CCI model of neuropathic pain  

In the chronic constriction injury (CCI) model of neuropathic pain, 10 mg/kg JNJ-

42226314 almost completely inhibited acetone-induced flinching responses in CCI-treated rats in 

a time-dependent manner, with the peak effect occurring at one hr.  Statistically significant 

inhibition versus vehicle treatment was observed at 1- and 3-hr post-compound administration 

(Figure 8C).  In separate groups of animals, the anti-cold allodynic effect of JNJ-42226314 at 1-
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hr post-compound administration was shown to be dose-dependent, with an ED50 value of 1.42 

mg/kg (Figure 8D).      
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DISCUSSION  

Reported here is the in vitro and in vivo pharmacologic characterization of the reversible, 

competitive and selective MAGL inhibitor JNJ-42226314.   In vitro binding studies demonstrated 

selectivity of JNJ-42226314 for MAGL over other serine hydrolases and potential targets, 

including CB1 and CB2, while in vivo studies indicate time- and dose-dependent engagement of 

MAGL and, indirectly, CB1 via elevated 2-AG levels.   These studies also confirm that partial 

inhibition of MAGL is sufficient to elevate brain 2-AG, with the maximal increase being 

approximately 10-fold in rat and nearly 20-fold in mouse after administration of 30 mg/kg JNJ-

42226314.  Increased CB1 engagement by elevated 2-AG levels is also supported by the 

hypothermia observed in 30 mg/kg-treated rats - an effect consistent with what is seen in response 

to direct CB1 agonists (Wiley et al., 1998).      

Augmenting endocannabinoid signaling by limiting enzymatic degradation has emerged as 

a compelling therapeutic strategy (Mulvihill and Nomura, 2013; Clapper et al., 2018).  Several 

irreversible MAGL inhibitors, including JZL-184, MJN110 and SAR-127303, have been used as 

tool compounds to validate preclinical pharmacology associated with MAGL inhibition.  One such 

inhibitor, ABX-1431, is currently undergoing clinical evaluation (Cisar et al., 2018).  All of these 

inhibitors bind covalently to the catalytic Ser122 residue of MAGL (Bertrand et al., 2010; Griebel 

et al., 2015; McAllister et al., 2018).  Because of their inherent electrophilicity, however, 

idiosyncratic immune-mediated drug toxicity is a significant pharmaceutical risk of covalent 

inhibitors, especially in treatment of chronic diseases (Johnson et al., 2010).  Recently, several 

non-covalent MAGL inhibitors have been described (Tuccinardi et al., 2014; Aghazadeh Tabrizi 

et al., 2018; Aida et al., 2018; Granchi et al., 2019), potentially providing a means of reducing such 

risks.    
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Potential consequences of CB1 activation in the CNS include impaired memory and 

cognition, which is associated with alterations in the underlying synaptic properties that subserve 

these functions (Hill et al., 2004).  For example, direct CB1 agonists, when administered at doses 

that induce hippocampal synaptic depression in vivo, also impair spatial working memory (Han et 

al., 2012).  In this study, the effects of JNJ-42226314 on hippocampal synaptic potentials were 

examined, given the well-defined role of the hippocampus in learning and memory and the high 

levels of MAGL and CB1 expression there (Herkenham et al., 1991).  In addition, higher order 

network oscillations associated with conscious perception and attention are similarly disrupted 

with CB1 agonists in animal models (Hajos et al., 2000; Hajos et al., 2008; Sales-Carbonell et al., 

2013) as well as in humans (Skosnik et al., 2006; Cortes-Briones et al., 2015).  Thus, the effects 

of JNJ-42226314 on EEG gamma power, a measure associated with attention, memory and 

perception across species (Pesaran et al., 2002; Bauer et al., 2007; Fries et al., 2007) were also 

examined.  3 mg/kg JNJ-42226314 did not significantly affect either hippocampal synaptic 

transmission or gamma power; however, 30 mg/kg significantly reduced both measures.  These 

dose-dependent effects are consistent with those observed with the MAGL inhibitor JZL-184, 

which has been shown to elicit dose-dependent depression of hippocampal synaptic activity in 

mice (Wang et al., 2017) as well as of wake gamma power (Pava et al., 2016).   

While the effects of CB1 agonists on learning, memory and cognition are well-studied, the 

impact of MAGL inhibition on these functions is less clear.  Whereas memory impairments in 

rodents have been reported with SAR-127303 (Griebel et al., 2015), low doses of JZL-184 have 

led to either improved performance (Xu et al., 2014) or no effect (Busquets-Garcia et al., 2011) in 

various associative learning tasks.  These discrepant outcomes could reflect the different learning 

and memory paradigms employed and/or differences in the relative degrees of 2-AG elevation 
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induced by the different MAGL inhibitors and doses administered.  Here, 3 mg/kg JNJ-42226314 

elevated hippocampal and whole brain 2-AG approximately 3-fold, while not significantly altering 

either measure of CNS function (hippocampal synaptic transmission or gamma power), suggesting 

a potential degree of MAGL inhibition that would not adversely affect memory or cognition. 

Endocannabinoids also play a significant role in the regulation of sleep stability.  In 

general, increased endocannabinoid activity is often, but not always, associated with sleep-

promoting or stabilizing effects (Prospero-Garcia et al., 2016).  JZL-184, for example, dose-

dependently increases NREM sleep duration in mice while also decreasing REM duration (Pava 

et al., 2016).  These results are partially at odds with those observed in the present study, wherein 

JNJ-42226134 had an overall dose-dependent, wake-promoting effect by reducing both NREM 

and REM sleep in rats.  Notably, JNJ-42226314 was administered just after light phase onset, when 

the animals are normally inactive.  Circulating endocannabinoids demonstrate circadian 

fluctuations, with high levels of 2-AG in the light phase and low levels in the dark phase in both 

humans and rodents (Valenti et al., 2004; Hanlon et al., 2015).  Thus, time of day is an important 

factor in assessing the effects of MAGL inhibition on sleep.  Supporting this, while NREM sleep 

was initially elevated when JZL-184 was administered at dark phase onset, a biphasic effect was 

observed, wherein NREM was subsequently reduced after light phase onset (Pava et al., 2016).  

Whether a similar NREM increase would be observed were JNJ-42226314 to be administered 

around dark phase onset will require further study.  With respect to sleep, no other MAGL inhibitor 

has been tested in rats, and species differences may account for the discrepancy of these sleep 

effects.  Notably, baseline levels of 2-AG are substantially lower in mice than in rats, which could 

potentially affect the sleep response.  The observed dose-dependent suppression by JNJ-42226314 

on REM sleep, however, are consistent with those reported in mice with JZL-184 in the Pava et 
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al. study, where high doses of the MAGL inhibitor also nearly abolished REM sleep in the light 

phase for several hours after dosing.  Interestingly, a similar effect on REM was also reported upon 

dosing with the CB1 antagonist AM281, suggesting an overall sensitivity to endocannabinoid 

manipulations.  Collectively, the effects on sleep and wake states reported here raise a number of 

interesting questions regarding potential biphasic, circadian effects of MAGL inhibition with JNJ-

42226314, which would be the subject of future study. 

The increased wakefulness induced by JNJ-42226314 is likely driven, at least in part, by 

the observed elevations in cortical norepinephrine release. Norepinephrine has a well-established 

role in maintaining general arousal, and noradrenergic neurons project to many arousal-regulating 

brain regions, including the cortex (Berridge and Waterhouse, 2003; Mitchell and Weinshenker, 

2010; Watson et al., 2010).  These neurons are highly active during wakefulness, moderately active 

during NREM sleep and nearly silent during REM sleep (Aston-Jones and Bloom, 1981).  

Cannabinoid administration has been reported to increase norepinephrine release in the prefrontal 

cortex (Oropeza et al., 2007; Page et al., 2007; Page et al., 2008), as well as increase c-fos 

expression in noradrenergic neurons and modulate their firing rate [reviewed in (Carvalho and Van 

Bockstaele, 2012)].  How endocannabinoid signaling modulates noradrenergic activity has yet to 

be conclusively determined, but there is evidence to indicate that this is accomplished via a 

suppression of GABAergic inhibitory inputs onto noradrenergic neurons (Scavone et al., 2010).   

Elevating endocannabinoids, either pharmacologically or genetically, were shown to have 

antinociceptive effects in many rodent models of inflammatory and neuropathic pain [reviewed in 

(Woodhams et al., 2017)].  Exogenous CB agonists can also produce similar effects (Bridges et 

al., 2001). Consistent with these observations, acute administration of JNJ-42226314 dose-

dependently reduced nociceptive behavior in both the CFA model of inflammatory pain and in the 
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CCI model of neuropathic pain.  However, complete and prolonged MAGL inhibition, or MAGL 

genetic deletion, may also induce CB1 desensitization and downregulation, which in turn may lead 

to tolerance to the anti-nociceptive effects of MAGL inhibitors (Chanda et al., 2010; Schlosburg 

et al., 2010; Kinsey et al., 2013; Ignatowska-Jankowska et al., 2014).  It is unclear whether 

efficacious doses of JNJ-42226314, when sustained over time, would lead to a similar CB1 

desensitization and subsequent antinociceptive tolerance.  One important factor is that these prior 

studies were performed with covalent MAGL inhibitors, such as JZL-184 and KML29.   It remains 

to be determined whether these effects would be as pronounced with a reversible inhibitor like 

JNJ-42226314 given that MAGL occupancy returns to near zero levels 24 hr after administration, 

even at relatively high doses.   

In conclusion, we report the mechanistic and pharmacological characterization of JNJ-

42226314, a novel potent and reversible MAGL inhibitor with high target selectivity and in vivo 

efficacy.  JNJ-42226314 dose-dependently increased 2-AG in vivo and displayed anti-nociceptive 

properties at doses that do not impact measures of CNS function associated with memory and 

cognition.  Dose-dependent effects towards increased wakefulness were observed, which will need 

to be investigated further and in more detail.  With regards to clinical implications, the reversible 

mode of action presents a relatively unexplored, but potentially beneficial, mechanism that could 

allow for better temporal control over circadian 2-AG fluctuations, reduced CB1 desensitization 

and improved safety in humans versus covalent MAGL inhibitors, especially for treatment of 

chronic diseases.  
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competitive, reversible MGL inhibitor JNJ-42226314 on in vivo measures of neural activity in 

rats” Society for Neuroscience Annual Meeting; 231.01; San Diego, CA, 2018 

c) Reprint requests should be addressed: 

 Ryan M. Wyatt 

 Janssen Research and Development 

3210 Merryfield Row 

San Diego, CA 92121 

Email: rwyatt2@its.jnj.com 

   

 

 

 

 

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on December 9, 2019 as DOI: 10.1124/jpet.119.262139

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

mailto:rwyatt2@its.jnj.com
http://jpet.aspetjournals.org/


JPET # 262139 
 

59 
 

LEGENDS FOR FIGURES 

Figure 1: Chemical structure of JNJ-42226314, [1-(4-fluorophenyl)indol-5-yl]-[3-[4-(thiazole-2-

carbonyl)piperazin-1-yl]azetidin-1-yl]methanone. 

 

Figure 2:  In vitro mode of action of JNJ-42226314.  (A) Displacement of JNJ-42226314 and 

SAR-127303 by [3H] SAR-127303 in human brain membrane homogenates.  Unlabeled 

compounds were equilibrated with brain membranes, then diluted in [3H] SAR-127303 to measure 

dissociation rates over time.  (B) Plots of MAGL reaction velocity (recombinant human MAGL) 

against substrate concentration.  The initial rates obtained at different substrate concentrations 

were analyzed via least squares analysis according to equation 1 (Materials and Methods) and the 

experimental initial rates are plotted as a function of 2-AG concentration with the solid lines 

representing the theoretical values calculated from the least squares analysis 

 

Figure 3:   Selectivity profiling of JNJ-42226314 by competitive ABPP after treatment with PF-

3845 (1 or 10 M), JZL-184 (1 or 10 M), JNJ-42226314 (1 or 10 M) or vehicle (DMSO).  (A) 

Gel profiles of FP-Rh labeled membrane serine hydrolases from human brain and (B) human liver. 

MAGL bands were better resolved by a longer electrophoresis until the 25 kDa protein marker was 

running off the gel (panels at the bottom of A and B).  (C) Gel profiles of FP-Rh labeled soluble 

serine hydrolases from human brain and (D) human liver.  FAAH, MAGL (black) and JZL-184 

off targets (red) are indicated where clearly resolved. 
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Figure 4:  Rat ex vivo target occupancy profile of JNJ-42226314.  (A) Time course of MAGL 

occupancy in rat hippocampus by JNJ-42226314 following 30 mg/kg i.p. administration. Dose-

dependent effects of systemic JNJ-42226314 30 min after i.p. administration on (B) MAGL 

occupancy, (C) brain 2-AG levels, and (D) CB1 occupancy by 2-AG.  N = 3 per time point or dose.  

Data are presented as the means ± S.E.M. 

 

Figure 5:  Dose-dependent effects of JNJ-42226314 in the rat hippocampus in vivo. (A) Effects of 

3 mg/kg (N = 8) or 30 mg/kg (N = 7) i.p. JNJ-42226314 on extracellular 2-AG levels, normalized 

to vehicle treated controls (N = 11) from rat hippocampus in vivo. Dosing at t = 0 min. (B) Total 

AUC of extracellular 2-AG for the 150-min period following vehicle or compound administration.  

(C) Effects of 3 mg/kg (N = 6) or 30 mg/kg (N = 7) i.p. JNJ-42226314 or 20% HP--CD vehicle 

(N = 7) on fEPSP slope in rat CA1 in vivo. Inset: Representative traces illustrating evoked 

responses before (black) and 80 min after (gray) JNJ-42226314 dosing. fEPSP slope indicated by 

dashed line. (D) Average normalized fEPSP responses 90 min after vehicle or compound 

administration. (E) Percent fEPSP inhibition (% change from pre-drug baseline) plotted against 

brain 2-AG and (F) JNJ-42226134 concentrations 90 min after administration.  Each data point 

represents measurements taken from an individual animal. Data were fit with least-squares fit non-

linear regression curves.  (A, B, D): N.S. P > 0.05, * P < 0.05, and *** P < 0.001 versus vehicle. 

 

Figure 6:  Effects of JNJ-42226314 on sleep-wake states and gamma power. (A) Effects on wake 

time during light phase for 10 hr following vehicle or compound administration.  Data is binned 

in 2-hr intervals. (B) Wake relative EEG gamma power during the same period.  (C) Duration of 
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NREM and (D) REM sleep bouts for 10 hr after administration. For all graphs, vehicle data are 

depicted by white bars, 3 mg/kg JNJ-42226314, gray bars, and 30 mg/kg JNJ-42226314, black 

bars.  Data is reported as mean ± S.E.M. **P < 0.01 and ***P < 0.001 versus vehicle, based on 

two-way repeated measures ANOVA followed by Bonferroni’s multiple comparison post-hoc test.  

N=7 (Vehicle vs. 3mg/kg) or 8 (Vehicle vs. 30 mg/kg) rats. 

 

Figure 7:  JNJ-42226314 induced elevation of cortical norepinephrine levels. (A) Effects of 

vehicle (N = 12), 3 mg/kg (N = 7) or 30 mg/kg (N = 6) i.p. JNJ-42226314 on extracellular 

norepinephrine levels from rat medial prefrontal cortex in vivo. Values are normalized to average 

pre-dosing (baseline) levels for each animal. Dosing at t = 0 min.  (B) Total AUC for the 150-min 

period following vehicle or compound administration.  Each symbol represents AUC value from 

an individual animal.  Lines indicate means ± S.E.M.  (A, B): *** P < 0.001; **** P < 0.0001 

versus vehicle. 

 

Figure 8: Antinociceptive effects of JNJ-42226314 in models of inflammatory and neuropathic 

pain.  (A) Time course for JNJ-42226314 in the rat CFA radiant heat test.  JNJ-42226314 was 

evaluated at an oral dose of 30 mg/kg in the CFA radiant heat test.  Shown are the means ± SEM 

of the withdrawal latencies for vehicle and compound treated rats (N = 8 per group; * p < 0.05, ** 

p < 0.01). (B)  Dose-response relationship for JNJ-42226314 reversal of CFA-induced thermal 

hyperalgesia in the rat.  Shown are the means ± SEM of the withdrawal latencies at the stated doses 

100 min after drug administration (N = 8 per group). (C) Time course of JNJ-42226314 inhibition 

of cold allodynia in chronic CCI-treated rats.  Shown are the means ± SEM of the percent inhibition 
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of the acetone-induced responses following the administration of vehicle or JNJ-42226314 (10 

mg/kg, p.o.) (N = 6 per group; * p < 0.05, ** p < 0.01). (D) Dose-response relationship of JNJ-

42226314 inhibition of cold allodynia in CCI-treated rats.  Shown are the means ± SEM of the 

percent inhibition of acetone-induced responses at the stated doses of JNJ-42226314 one hr 

following its administration (N = 6 per group; ** P < 0.01, *** P < 0.001). 
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TABLES 

Table 1 

 

In vitro potency of JNJ-42226314, JZL-184, SAR-127303 and KML-29 to inhibit human, rat and 

mouse MAGL using an in vitro [3H]2-OG cleavage activity assay.   Data represent means ± SEM. 

Number of independent experiments indicated in parentheses. 

Species Source of 

MAGL 

JNJ-42226314 

IC50 (nM) 

JZL-184 

IC50 (nM) 

SAR-127303 

IC50 (nM) 

KML-29 

IC50 (nM) 

Human HeLa cells  1.13 ± 0.05 

(>10) 

17.84 ± 2.59 

(10) 

11.17 ± 0.79 

(>10) 

0.91 ± 0.1 

(3) 

Human PBMC 1.88 ± 0.41  

(6) 

24.01 ± 3.78 

(3) 

8.09 ± 1.23 

 (3) 

0.88 ± 0.07 

(3) 

Mouse Brain 0.67 ± 0.11 

(9) 

1.29 ± 0.67 

(3) 

5.45 ± 1.58 

(8) 

0.35 ± 0.5 

(3) 

Rat Brain 0.97 ± 0.12  

(10) 

57.76 ± 10.32 

(4) 

4.68 ± 0.53 

(9) 

1.16 ± 0.15 

(3) 
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Table 2 

In vitro displacement times (t1/2) and dissociation rate constants (kd) of JNJ-42226314 with MAGL 

from human, mouse and rat brain membranes. Values are expressed as the average ± S.D. (N = 3 

experiments). 

 

MAGL t1/2 (min) kd (min-1) 

human 11.4 ± 2.2 0.062 ± 0.013 

mouse 27.6 ± 5.5 0.026 ± 0.005 

rat 27.2 ± 2.1 0.026 ± 0.002 
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Table 3  

Level of MAGL occupancy in rat hippocampus, plasma and brain compound exposure and brain 

2-AG assessed at the indicated timepoints after systemic administration of JNJ-42226314 (30 

mg/kg, i.p.).  Results shown are means ± S.E.M (N = 3). BLLOQ = below the lowest level of 

quantification (1 ng/mL).  Values reported without S.E.M. indicate JNJ-42226314 levels were 

BLLOQ for at least one animal in that group. 

 

Time 

(h) 

Brain 

(ng/g) 

Plasma 

(ng/mL) 

Brain 2-AG 

(ng/g) 

MAGL 

occupancy (%) 

0.5 6625 ± 1500  12212 ± 3243 13920 ± 700 99 ± 1 

2 3465 ± 1403 4245 ± 1379 12370 ± 3026 99 ± 1 

6 431 ± 100 836 ± 205 5489 ± 447 99 ± 0.4 

24 BLLOQ 3 1160 ± 53 13 ± 8 
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Table 4  

Dose dependency of MAGL occupancy measured in mouse hippocampus after i.p. administration 

of JNJ-42226314.  Corresponding plasma and brain compound exposure and brain 2-AG at 30 min 

are also shown.  Results are means ± S.E.M (N = 3).  Values reported without S.E.M. indicate JNJ-

42226314 levels were below the lowest level of quantification for at least one animal in that group.   

 

Dose IP 
Brain 

(ng/g) 

Plasma 

(ng/mL) 

Brain 2-AG 

(ng/g) 

MAGL 

occupancy % 

0.1 43 ± 38 10 ± 2 456 ± 40 0 ± 0 

0.3 16 26 535 ± 93  12 ± 12 

1 82 131 ± 67 1164 ± 379 58 ± 29 

3 131 ± 41 347 ± 168 2401 ± 509 95 ± 3 

10 925 ± 54 2811 ± 164 8425 ± 520 98 ± 1 

30 2180 ± 968 5360 ± 2407 8363 ± 2460 98 ± 2 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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