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Introduction
Cannabinoid CB1 receptors are widely expressed in both the 
central and peripheral nervous systems, and they display 
numerous physiological effects such as behavioral, neuro-
protective, immunosuppressive, and metabolic functions[1–3].  
In the past decade, the metabolic homeostasis regulated by 
the cannabinoid CB1 receptor has been the focus of intensive 
studies.  Striking advances were made in developing high 
affinity selective cannabinoid CB1 receptor antagonists and/
or inverse agonists as therapeutic agents for obesity, diabetes 

and metabolic syndrome.  Some selective antagonists of the 
cannabinoid CB1 receptor have been developed and reached 
various stages of clinical trials.  These new chemical entities 
also provided useful tools for understanding the sophisticated 
physiological mechanism of this receptor[4–6].  Among them, 
the most representative selective antagonist/inverse agonist 
of the cannabinoid CB1 receptor is rimonabant (SR141716A).  It 
was developed by Sanofi-Aventis and approved for treatment 
of obesity in Europe in June of 2006.  Unfortunately, psychiat-
ric side effects delayed its approval in the United States, which 
also led to subsequent market withdrawal of the drug in the 
European Union in late 2008.  Hence, to circumvent the prob-
lems that have beset the current agents, some strategies such 
as developing non-brain penetrating and peripheral restrictive 
CB1 receptor antagonists or focusing on allosteric modulation 
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of CB1 receptors are being used at present[7, 8].
Previously reported cannabinoid CB1 receptor selective 

antagonists exhibited mainly two types of behavior[9, 10].  One 
type, expressed by SR141716A and Imidazole 24b, has effects 
in the opposite direction to those produced by the cannabinoid 
receptor agonists, ie, they are cannabinoid CB1 receptor inverse 
agonists[11, 12].  The other type is expressed by the cannabinoid 
CB1 receptor neutral antagonist, such as AM4113, with no 
intrinsic activity[13].  It was presumed that the inverse agonist 
and neutral antagonist may involve different signal transduc-
tion mechanisms.  However, aside from their structural dif-
ferences, the related pharmacological and toxicological effects 
produced by the different types of cannabinoid CB1 receptor 
antagonists are still not completely known.  

Novel drug candidates acting against cannabinoid CB1 
receptors, such as MJ08 and MJ15, were discovered in our lab-
oratory through a series of in-vitro, ex-vivo, and in-vivo biologi-
cal screenings and evaluations.  Both compounds behaved as 
highly potent selective cannabinoid CB1 receptor antagonists.  
Although they have similar molecular formulas, the substitu-
tion with piperidin-1-yl at the N atom of the pyrazol 3 site 
(N-pyridin-3-methyl for MJ15) characterizes MJ08 (patent No 
CN101062919A) with different receptor-binding characteristics 
and bioactivities[14].  MJ08 exhibits an inverse agonism activ-
ity even stronger than that of SR141716A in functional assays; 
however, it has a relatively lower affinity than SR141716A in 
radioligand competitive binding analysis.  In addition to its 
significant weight loss effect, MJ08 increases fasting blood 
glucose in diet-induced obesity (DIO) mice.  The in vitro and 
in vivo pharmacological profiles of MJ08 were described in this 
paper.  

Materials and methods
Drugs and Chemicals 
Forskolin, CP55, 940 (CB1/CB2 agonist), WIN 55,212-2 (CB1/
CB2 agonist), and Fluo-3 were purchased from Sigma.  [3H]-
SR141716A and [3H]-WIN 55,212-2 were purchased from 
Amersham.  SR141716A and MJ08 were synthesized and 
prepared by the New Drug Design Center of Beijing Insti-
tute of Pharmacology and Toxicology.  The purity and 
structure of these two compounds were confirmed by high-
performance liquid chromatography, mass spectrometry and 
1H-nuclear magnetic resonance (NMR).  The structure of MJ08 
{[5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1H-
pyrazol-3-yl](piperidin-1-yl)methanone} is shown in Figure 1.  

Membrane preparations and radioligand competitive binding 
analysis
The cannabinoid CB1 and CB2 receptor membranes were pre-
pared from rat brain and spleen, respectively, as reported in 
our previous paper, and stored at -80 °C until use[14].  Competi-
tive binding analysis was conducted by incubating 50 μg of 
membrane and competing ligand (2.4 nmol/L [3H]-SR141716A 
for CB1 and 6.4 nmol/L [3H]-WIN 55,212-2 for CB2) in Tris-HCl 
(50 mmol/L, pH 7.4) at 30 °C for 1 h.  Competitive binding 
inhibition curves were generated with different concentra-

tions of SR141716A or MJ08.  The radioactivity bound to the 
filters was counted with 1 mL of Biofluor liquid scintillant 
(New England Nuclear Corp, UK) in a LS6500 counter.  Non-
specific binding was determined in the presence of 25 μmol/L 
non-radioactive SR141716A for CB1 and CP55 940 for the CB2 

receptor.  The affinity of MJ08 to the CB1 or CB2 receptor was 
expressed as a Ki value or an inhibition of the specific binding 
of radioactive [3H]-SR141716A to the CB1 receptor or [3H]-WIN 
55,212-2 to the CB2 receptor.  Each competitive binding inhi-
bition curve was generated from the data pooled from three 
independent experiments conducted in duplicate.

Assay of cannabinoid receptor antagonism at the cellular level 
Thermo scientific CB1 and CB2 redistribution assays (Themo 
Fisher Bioimage ApS, Soeborg, Denmark) were used to ana-
lyze the antagonistic effects and the selectivity of MJ08 with 
SR141716A as the reference compound.  The assay was per-
formed as previously reported[14].  The cannabinoid CB1 and 
CB2 antagonist redistribution assay formats were specially 
designed cell models to screen agonists or antagonists of CB1 

and CB2 receptors, respectively.  The assay was validated with 
an average Z′=0.55±0.21 (CB1) and Z′=0.34±0.1 (CB2) and was 
suitable for both high content screening and profiling applica-
tions (Thermo scientific cannabinoid CB1 and CB2 redistribu-
tion assay specifications).

Before each experiment, the culture medium was changed 
to assay buffer [F12 culture medium containing 1 µmol/L 
Hoechst 33342 (Invitrogen, Oregon, USA)] and incubated at 
37 °C for 20 min before different concentrations (10 nmol/L, 
100 nmol/L, 1 µmol/L, and 10 µmol/L) of SR141716A or MJ08 
combined with 1 µmol/L WIN 55,212-2 [the maximally active 
concentration on the EGFP-CB_U2OS cells (EGFP, enhanced 
green fluorescent protein)] was added.  After further incuba-
tion at 37 °C for 2 h, the cells were imaged on the IN Cell Ana-
lyzer 1000 (20×objective), and the pictures were analyzed with 
the Granularity Analysis Module of IN Cell.  DMSO (0.1%) 
was used as the vehicle control.  The inhibition ratio of a test 
compound was expressed as percent inhibition of the internal-
ization induced by the reference agonist WIN 55,212-2.  The 
corresponding IC50 values were calculated from the inhibition 
ratios.  The results were obtained from three independent 
experiments performed in triplicate.

Figure 1.  Structure of MJ08 [5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-
methyl-1H-pyrazol-3-yl](piperidin-1-yl)methanone.



1150

www.nature.com/aps
Chen W et al

Acta Pharmacologica Sinica

npg

Hippocampal neurons and Fluo-3/AM Ca2+ imaging
Intracellular Ca2+ assays were conducted in hippocampal neu-
rons as previously described[14].  After being washed with HBS 
solution (130 mmol/L NaCl, 5.4 mmol/L KCl, 1.8 mmol/L 
CaCl2, 1 mmol/L MgCl2, 10 mmol/L HEPEs, and 25 mmol/L 
D-glucose, pH 7.4), the cells were incubated for 60 min with 
10 μmol/L fluorescent Ca2+ indicator, fluoro-3 acetoxymethyl 
ester (Fluo-3/AM), and then pluronic acid F-127 (Cambridge 
Bioscience, Cambridge, UK) was added.  Subsequently, the 
cells were washed again three times with HBS and challenged 
with 0.1% DMSO (vehicle control), or SR141716A or MJ08 at 
different concentrations (10 nmol/L, 100 nmol/L, 1 µmol/L, 
or 10 µmol/L).  An application of 1 μmol/L WIN 55,212-2 was 
administered 1 min later.  Fluorescence was monitored and 
imaged with the IN Cell Analyzer 1000 (GE Healthcare, NJ, 
USA) at 3 s intervals, and then analyzed with the Object Inten-
sity Analysis Module of IN Cell.  Background levels of fluo-
rescence were subtracted at the beginning of the experiments.  
The time courses of [Ca2+]i change were plotted by recording 
the relative fluorescence intensity per cell vs  time.

Intracellular cAMP assays
Stable Chinese hamster ovary (CHO) cells expressing the 
human cannabinoid CB1 and CB2 (CHO-hCB1 and CHO-
hCB2, respectively) receptors were established in our previous 
work[14].  Functional antagonism of the cannabinoid CB1 recep-
tor agonist response was measured by incubating the recom-
binant cannabinoid CHO cells with various concentrations 
of test ligands and 200 μmol/L 3-isobutyl-1-methylxanthine 
(IBMX, phosphodiesterase inhibitor) in the assay buffer at 
room temperature for 30 min.  The intrinsic inverse agonism 
was tested in the presence of 1 μmol/L forskolin in CHO- 
hCB1 and CHO-hCB2 cells as above.  Intracellular cAMP was 
assayed with the LANCE cAMP 384 kit (AD0262, PerkinEl-
mer, CA, USA) according to the manufacturer’s specifica-
tions.  Briefly, cells were harvested with versene, washed with 
Hank’s Balanced Salt Solutions (HBSS) and re-suspended in 
stimulation buffer at a concentration of 1.7×106/mL.  Six μL 
of the cell suspension (containing the Alexa-labeled antibod-
ies) were added into one well of white OptiPlate-384, and then 
6 μL of different compound dilutions was added.  After incu-
bation for 30 min at room temperature, 12 μL of detection mix 
was added and further incubated for 60 min.  The fluorescence 
was read on EnVision Multilabel Plate Readers (PerkinElmer, 
CA, USA) with 475 nm excitation and 665 nm emission.  The 
amounts of cAMP produced in the stimulated cells were deter-
mined according to the cAMP standard curves.  In the inverse 
agonism assay, 10 μmol/L MJ08-enhanced, forskolin-stimu-
lated cAMP production was used to define 100% efficacy, and 
the correspondent IC50 values were calculated from the curve.

Tissue preparations and contraction studies
Male Kun-ming mice (25–30 g) and guinea-pigs (350–400 g) 
from Laboratory Animal Center of Pharmaceutical University 
of Shenyang, China, were humanely killed by decapitation fol-
lowing CO2 asphyxiation.  The vas deferens and ileum were 

excised according to the method in the literature[15–17] and 
placed in Krebs’ physiological salt solution [pH 7.4, composi-
tion (mmol/L): NaCl 119, KCl 4.69, KH2PO4 1.18, glucose 11, 
NaHCO3 25, CaCl2 2.5, EDTA 0.026], gassed with 95% O2/5% 
CO2 and maintained at 37 °C.  Each vas deferens or ileum was 
mounted in a 30-mL organ bath and connected to an isometric 
transducer (RM6240CD, Chengdu, China).  The vas deferens 
was subsequently equilibrated for 30 min and stimulated with 
trains of 10 pulses of 40 V for 0.5-ms duration at intervals of 50 
ms.  Contraction data were registered on a polygraph recorder 
before and after incubation with 10-7 mol/L SR14716A, 
10-7 mol/L MJ08 or the vehicle (0.1% DMSO) for 30 min.  The 
cannabinoid agonist WIN 55,212-2 was then added at 30-min 
intervals to construct an inhibitory cumulative concentration-
response curve.  The inhibition rate of the tested compounds 
was calculated with the following equation: (An–A0)/A0×100%, 
where A0 and An denote the twitch amplitude of the tested 
compounds before and after the administration of different 
concentrations of WIN 55,212-2, respectively.  The pA2 val-
ues were determined using the method of Arunlakshan and 
Schild, ie, pA2=log (E′/E–1)–logB, where E′ is the ED50 of the 
agonist under the presence of the antagonist, E is the ED50 of 
the agonist in the absence of the antagonist and B is the con-
centration of the antagonist.

Meanwhile, the specific effects of the test compounds on the 
contraction of the vas deferens smooth muscle and guinea-
pig ileum were also observed.  After equilibration for 30 min, 
the vas deferens was stimulated as described above, and a 
recording of the contraction amplitude was begun before 
administration of SR141716A or MJ08 for 30 min at ten-fold 
increments using 30-min intervals to construct a cumulative 
concentration-response curve.  For the ileum, contraction 
data were recorded for 2 min before and after treatments, and 
cumulative concentration-response curves were generated.

Animals and treatment 
Animals were obtained from Laboratory Animal Center of 
Beijing Institute of Pharmacology and Toxicology, unless oth-
erwise stated.  All animal experiments were performed strictly 
in accordance with the Guide for the Care and Use of Labora-
tory Animals of the National Institutes of Health and were 
approved by the Institutional Animal Care and Use Commit-
tee of the Beijing Institute of Pharmacology and Toxicology.  
Male Wistar rats (220–240 g) and their neonates (1 d) were 
used for radioligand competitive binding studies and primary 
cultures of hippocampus cells, respectively.

Male C57BL/6J mice (6 weeks old), maintained under con-
trolled illumination (12/12-h light/dark cycle) and tempera-
ture (22±1 °C), were fed a high-fat diet (45% fat, 18% protein, 
37% carbohydrate) for 16 weeks to obtain a DIO mouse model.  
Age-matched lean mice were used as normal controls.  The 
DIO mice were randomly divided into three groups based on 
their initial body weights.  SR141716A (10 mg·kg-1·d-1), MJ08 
(10 mg·kg-1·d-1) or the vehicle (1% DMSO) were administered 
by gavage once daily for 40 d.  Individual body weight and 
cage food consumption were measured every day.  At the end 
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of the experimental period, the mice were fasted overnight, 
and blood samples were collected for the assessment of serum 
glucose, triglycerides (TG) and total cholesterol (TC) levels as 
previously described[18].  

Statistical analysis
All results are expressed as the mean±SD.  For multiple com-
parisons, the statistical analysis was performed using one-way 
ANOVA followed by Tukey’s multiple comparison tests with 
SPSS 11.5.  P<0.05 was considered to be statistically significant.  

Results
Selective interaction of MJ08 with the cannabinoid CB1 receptor 
at the molecular level 
Figure 2 showed that [3H]-SR141716A can specifically bind to 
the cannabinoid CB1 receptor of rat brain membranes, and such 
interaction can be replaced by unlabeled SR141716A or MJ08 
in a concentration-dependent manner.  However, it is noted 
that the competitive binding inhibition curves of SR141716A 
or MJ08 are different in slope and shape.  SR141716A exhibited 
a sharply competitive effect from 10-11 to 10-9 mol/L; neverthe-
less, MJ08 gradually inhibited [3H]-SR141716A binding from 

10-14 to 10-4 mol/L.  The concentration-response curves gave 
Ki and IC50 values of 25.4 and 99.9 nmol/L, respectively, for 
MJ08, and 22.9 and 99.3 pmol/L, respectively, for SR141716A.  
In contrast, both SR141716A and MJ08 showed very low affin-
ity to the CB2 receptor expressed in rat spleen preparations; 
even at a higher concentration (about 34% inhibition at 10 
μmol/L for both compounds, n=6), they could not compete 
with the binding of [3H]-WIN 55,212-2 to the CB2 receptor.  
However, the cannabinoid CB1/CB2 receptor agonist CP55,940 
could antagonize this effect under the same conditions, with 
more than 90% inhibition to the CB2 receptor at 100 nmol/L 
(data not shown).  These results indicate that MJ08 is a selec-
tive cannabinoid CB1 (not CB2) ligand but that it has relatively 
lower affinity than SR141716A at an in vitro molecular level.  

MJ08 antagonized the activation of the cannabinoid CB1 receptor 
at the cellular level
As a Gi/s-coupled G-protein-coupled receptor (GPCR), the 
cannabinoid receptor is rapidly internalized following ago-
nist binding and receptor activation[19].  Recombinant U2OS 
cells stably express human cannabinoid CB1 or CB2 receptors 
fused to the N-terminus of EGFP.  The cannabinoid CB1 or 
CB2 receptor internalization assay is available for the screen-
ing of agonists or antagonists of the cannabinoid CB1 and CB2 
receptors..  Figure 3A shows that 1 μmol/L CB1/CB2 receptor 
agonist WIN 55,212-2 markedly induced the internalization of 
the membrane-localized CB1-EGFP fusion protein to the endo-
somes; the agonistic potency was 2.59 times that of the vehicle 
control.  However, when co-administered with MJ08, it dose-
dependently antagonized the internalization of the CB1-EGFP 
fusion protein, and the IC50 calculated from the concentration-
response curve was 30.23±6.41 nmol/L, which was compa-
rable to the value of SR141716A (32.16±6.72 nmol/L) in the 
same experiment (Figure 3B).  However, both SR141716A and 
MJ08 exhibited weak antagonism towards the cannabinoid 
CB2 receptor activation and internalization induced by WIN 
55,212-2 in EGFP-CB2_U2OS cells, with only approximately 
25% to 35% inhibition by 10 μmol/L of MJ08 or SR141716A 
(data not shown).  Therefore, MJ08 is macroscopically dem-
onstrated to be equally potent and selective as a CB1 receptor 
antagonist as SR141716A in the cellular assay.

MJ08 antagonized the elevation and oscillation of [Ca2+]i induced 
by the cannabinoid CB1 receptor agonist
[Ca2+]i was measured in hippocampal neurons using the fluo-
rescent dye Fluo3/AM as an indicator.  It had been shown that 
cannabinoid CB1, rather than the CB2 receptor, is predomi-
nantly expressed in hippocampal tissue, and cannabinoid 
CB1 receptor activation increases [Ca2+]i

[20].  In cultured rat 
hippocampal cells, 1 μmol/L CB1/CB2 receptor agonist WIN 
55,212-2 significantly increased [Ca2+]i (Figure 4); the [Ca2+]i 
signal showed an initial rise, slow decay, and sustained ele-
vated phase with oscillations.  SR141716A and MJ08 both (10 
nmol/L to 10 μmol/L) blocked the activation of the cannabi-
noid CB1 receptor by WIN 55,212-2 and the following induced 
elevation and oscillations of intracellular Ca2+ (Figure 4B).  

Figure 2.  The competitive inhibition of [3H]-SR141716A binding to the 
CB1 receptor by MJ08 and SR141716A.  The specific binding rate of 2.4 
nmol/L [3H]-SR141716A was defined as 1; other values of [3H]-SR141716A 
binding under different concentrations of SR141716A or MJ08 were 
relative to that.  Values are the mean±SD.
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This result indicates that MJ08 may antagonize the second 
messenger molecules of cannabinoid CB1 receptor activation.

Antagonism on intracellular cAMP and inverse agonism of MJ08
The effect of MJ08 on the agonist-mediated decrease of cAMP 
level in CHO cells expressing human cannabinoid CB1 recep-
tor was examined.  Like SR141716A, MJ08 (0.1 and 1 μmol/L) 
also significantly and dose-dependently reversed the WIN 
55,212-2-induced inhibition of forskolin-stimulated cAMP 
accumulation, and intracellular cAMP contents at higher doses 
even exceeded that induced by forskolin alone; this suggests 
that MJ08 may also possess the inverse agonism property (Fig-
ure 5A).  Neutral antagonists and inverse agonists can be well 
differentiated by the intracellular cAMP assay when the ago-
nist is absent.  Therefore, to further verify its functional inverse 
agonism, MJ08 was tested by the cAMP assays in both CHO-
hCB1 and CHO-hCB2 cells.  Figure 5B showed that 1 nmol/L 
of MJ08 can further increase cAMP levels in CHO-hCB1 cells in 
the presence of 1 μmol/L forskolin, and the four-fold increase 
of the Emax (maximal effect) was obtained at 10 μmol/L with 
the EC50 of 78.6 nmol/L.  However, an antagonizing effect of 
SR141716A was observed at 1 nmol/L under the same con-
ditions.  Inverse agonism was displayed above 10 nmol/L, 
and the Emax value was significantly lower than that of MJ08 
(P<0.05), which corresponds to that of MJ08 at 1 μmol/L.  The 
EC50 in this assay was 159.2 nmol/L, about two-fold that of 
MJ08.  However, MJ08 and SR141716A did not influence intra-
cellular cAMP in CHO-hCB2 cells, even at 10 μmol/L.  These 
data indicate that MJ08 possesses more potent intrinsic inverse 

agonistic activity to CB1 receptors than SR141716A in the 
absence of the receptor agonist.  

The effects of MJ08 on the contraction of guinea pig ileum and 
mouse vas deferens smooth muscle 
At concentrations of 10-6 and 10-5 mol/L, SR141716A mark-
edly increased the contraction intensity of guinea pig ileum 
smooth muscle, but its potency tended to decrease in a time-
dependent manner (Figure 6A).  The contraction frequency 
was only significantly increased at 10-5 mol/L at 60 and 120 s 
after the administration (Figure 6C).  MJ08 demonstrated a 
similar promotion effect.  It remarkably increased the contrac-
tion force and frequency.  However, a more significant effect 
was observed on frequency, which was strikingly enhanced by 
MJ08 and without attenuation over time, even at 10-9 mol/L at 
60 s (Figure 6B, 6D).

The electrically-stimulated vas deferens bioassay was 
reported to be a preferable approach for the determination 
of the antagonist potency[17].  Without pretreatment with the 
antagonist, the cannabinoid CB1/CB2 receptor agonist WIN 
55,212-2 elicited a concentration-dependent inhibition of the 
twitches of mouse vas deferens (IC50=0.44 nmol/L), and a 
nearly completed inhibition appeared at 10-6 mol/L (Figure 7A 
and B).  At 10-7 mol/L, both SR141716A and MJ08 significantly 
antagonized the inhibitory effect of WIN 55,212-2 (P<0.01 for 
both) and induced dextral displacements of the agonist’s dose-
responsive curve with IC50 values of 0.206 and 3.31 μmol/L, 
respectively (Figure 7A).  The competitive interaction between 
the antagonist and agonist signified that SR141716A and 

Figure 3.  Representative images of EGFP-CB1_U2OS cells treated with the 
vehicle or different compounds (A) and the concentration-response curve 
of MJ08 and SR141716A (B).  Arrows indicate WIN 55,212-2-induced CB1 
receptor internalization detected by the IN Cell Analyzer.  The results were 
obtained from three independent experiments performed in triplicate: WIN, 
WIN 55,212-2 1 µmol/L; WIN+SR, WIN 55,212-2 1 µmol/L+SR141716A 
100 nmol/L; WIN+MJ, WIN 55,212-2 1 µmol/L+MJ08 100 nmol/L.
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Figure 5.  Effect of MJ08 on 1 μmol/L WIN 55,212-2 induced inhibition of cAMP accumulation stimulated by 0.1 μmol/L forskolin (A) and inverse 
agonism property of MJ08 in CHO-hCB1 cells (B).  The data were derived from a cell-based assay measuring the intracellular cAMP level with the LANCE 
cAMP kits.  Fos (F), forskolin; WIN (W), WIN 55,212-2; values are the mean±SD.  cP<0.01 versus vehicle; fP<0.01 versus forskolin; hP<0.05, iP<0.01 ver-
sus F+W.

Figure 4.  Intracellular free 
Ca2+ [Ca2+] i measured by 
Ca2+ indicators in hippo
campal cells.  (A) Repre
s e n t a t i v e m i c ro g r a p h s 
showing intracellular [Ca2+]i 
in hippocampal cells.  (B) 
T h e d y n a m i c c o u r s e o f 
different concentrations of 
SR141716A (SR) or MJ08 
( M J ) a n t a g o n i z i n g W I N 
55,212-2-induced elevation 
and pulse oscillation of intra
cellular [Ca2+]i.  
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MJ08 were competitive antagonists of WIN 55,212-2.  The cal-
culated pA2 values for SR141716A and MJ08 were 9.47±0.73 
and 10.29±1.05, respectively, indicating that the antagonistic 
potency of MJ08 was comparable to that of SR141716A.  How-
ever, when the concentration of WIN 55,212-2 increased to 
3 µmol/L, SR141716A (0.1 µmol/L) nearly lost its antagonism, 
whereas MJ08 (0.1 µmol/L) still preserved the contract ability 

of the muscle (Figure 7B).  Furthermore, MJ08 and SR141716A 
both had trends towards promoting the electrically-evoked 
twitches of the mouse vas deferens even at a concentration of 
1 nmol/L in absence of the agonist, although without apparent 
dose-response relationships (data not shown).  These results 
indicate that MJ08 is not only a selective and competitive 
CB1 receptor antagonist but also a cannabinoid CB1 receptor 

Figure 6.  Effect of MJ08 and SR141716A on the contractions of the guinea pig ileum measured 2 min after compound administration.  (A) and (B) 
SR141716A and MJ08 promoted the contraction amplitude.  (C) and (D) SR141716A and MJ08 promoted the contraction frequency.  Values are the 
mean±SD (n=6).  bP<0.05, cP<0.01, versus vehicle.

Figure 7.  Effect of MJ08 and SR141716A on electrically-evoked twitches of the mouse vas deferens measured 30 min after drug administration.  (A) 
The antagonistic effect on inhibiting the contraction induced by WIN 55,212-2.  10-7 mol/L SR141716A or MJ08 were added to the bath solutions 30 
min before the agonist.  (B) Representative records of mouse vas deferens’ contraction.  Values are the mean±SD (n=5–6).



1155

www.chinaphar.com
Chen W et al

Acta Pharmacologica Sinica

npg

inverse agonist with equal or more potency than SR141716A.  

Effect of MJ08 in DIO mice 
Adverse effects on animal behavior or obvious signs of tox-
icity were not observed at any point in the experiment for 
any treatment group.  The body weight of DIO mice was 
significantly higher than that of normal mice (32.02±0.83 g 
vs 24.3±0.29 g, P<0.01) at the beginning of the experiment.  
Sequential monitoring showed that both SR141716A and MJ08 
decreased the body weight of the DIO mice throughout the 
experiment.  On average, the body weight of MJ08-treated 
mice was relatively lower than that of SR141716A-treated mice 
during the first 25 d of treatment (Figure 8A).  The impact of 
food intake was similar between the two testing compounds, 
which was reduced only in the first 10 d of administration and 
then relapsed to the consumption amount of the model group 
(Figure 8B).  Meanwhile, both SR141716A and MJ08 dramati-
cally decreased the hypertriglyceridemia (P<0.05) and the 
intra-abdominal adipose tissue (P<0.05) in DIO mice (Table 
1).  However, different from SR141716A, MJ08 also markedly 
lowered serum TC levels (P<0.05).  Unexpectedly, the fasting 
blood glucose of the DIO mice was significantly increased by 
MJ08 after 35 d of treatment (P<0.01), yet it was decreased by 
SR141716A.  However, the increased fasting blood glucose 
soon recovered to normal once MJ08 was withdrawn (the FBG 
were 5.04±1.09 mmol/L and 4.57±0.91 mmol/L at 5 and 10 d 
after discontinuation, respectively).  

Discussion
As a new chemical entity targeting the cannabinoid CB1 recep-
tor, the pharmacological properties of MJ08 were evaluated in 
various in vitro and in vivo experimental systems in the pres-
ent study.  MJ08 exhibited selective and potent antagonism to 
the cannabinoid CB1 receptor.  Although in vitro competitive 
binding analysis revealed that its affinity was lower than that 
of SR141716A at the molecular level, the cellular cannabinoid 
receptor activation and transposition assay, [Ca2+]i and cAMP 
measurements in mammalian cells functionally demonstrated 
the equivalent efficiency of MJ08 in selectively antagonizing 
the cannabinoid CB1 receptor compared with SR141716A.  Fur-
thermore, more potent or equivalent cannabinoid CB1 recep-

Figure 8.  Effects of MJ08 on body weight, food intake and white adipose weight in DIO mice.  (A) Body weight change, which was calculated for 
individual mouse and then averaged.  (B) Food intake, which was calculated every day and then averaged.  (C) Epididymal fat weight and (D) Perirenal 
fat weight index.  SR, SR141716A.  Values are the mean±SD of 10–12 animals per group.  cP<0.01 versus normal; eP<0.05, fP<0.01 versus model.

Table 1.  Serum lipid and blood glucose analysis in DIO mice. 

                                 Normal	     Model	       SR141716A	  MJ08  
 
TG (mmol/L)	 1.25±0.12	 1.81±0.22c	 1.41±0.23e	   0.77±0.07f

TC (mmol/L)	 2.55±0.21	 3.56±0.22b	 3.34±0.12	   2.26±0.56e

FBG (mmol/L)	 4.58±0.72	 5.77±0.66b	 4.63±0.62e	 13.28±2.12f

Compounds were given to the DIO mice by gavage for 40 d as described in 
the ‘Methods’ section.  TG, triglyceride; TC, total cholesterol; FBG, fasting 
blood glucose; Values are the mean±SD of 10–12 animals per group.  
bP<0.05, cP<0.01 versus normal, eP<0.05, fP<0.01 versus model. 
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tor inverse agonistic effects of MJ08 relative to SR141716A 
were revealed by directly increasing intracellular cAMP and 
promoting the contraction of guinea pig ileum and mouse vas 
deferens smooth muscles in isolated tissues at in vitro and ex 
vivo tests.  Additionally, the results from DIO mice further 
confirmed its oral bioactivity and in vivo potency.

Receptor competitive binding analysis is a classical method 
for the evaluation of binding characteristics of ligands.  Rat 
cerebellum and spleen (CB1 and CB2 receptor-rich tissues, 
respectively) membrane preparations were used here to ana-
lyze the receptor binding activity and characteristics of MJ08.  
The radioligand displacement curves showed that, similar to 
the well-known cannabinoid CB1 receptor selective antagonist 
SR141716A, MJ08 dose dependently displaced [3H]-SR141716A 
binding to rat cerebellum membranes, and its selectivity to the 
CB1 receptor against the CB2 receptor was more than 100-fold.  
However, the binding affinity of MJ08 to the CB1 receptor 
was about 500–1000 times less potent than that of SR141716A.  
It was noted that the slope of the displacement curve was 
steeper for SR141716A than MJ08, SR141716A exhibited a 
sharp competitive effect from 10-11 to 10-9 mol/L, but MJ08 
gradually inhibited [3H]-SR141716A’s binding from 10-14 to 10-4 
mol/L.  This result indicates that the binding mode of MJ08 
is somewhat different from that of SR141716A.  MJ08 showed 
more potent affinity to the CB1 receptor at a lower concentra-
tion in the molecular test.  

Recently, functional assays of receptor activation in living 
cells were widely used in screening and in the evaluation of 
novel ligands for receptors.  Compared with molecular-level 
assays, living cell assays reflect both receptor binding and 
the functional activity of a ligand.  In this study, the CB1/CB2 
redistribution assay (commercial EGFP-CB1/CB2_U2OS cell 
model, specially designed for screening of agonists or antago-
nists of cannabinoid CB1/CB2 receptor with High Content 
Assay) was used.  Both MJ08 and SR141716A antagonized 
the internalization of the membrane-located CB1-EGFP fusion 
protein induced by the agonist (WIN 55,212-2) without sig-
nificant impact to WIN 55,212-2-induced internalization of 
the membrane-located CB2-EGFP fusion protein; this signified 
that they selectively antagonized the cannabinoid CB1 receptor 
activation in the cellular model.  Moreover, in contrast to the 
receptor binding test at the molecular level, MJ08 displayed an 
equivalent antagonistic effect to SR141716A in the living cell 
assay suggesting that MJ08 may be more suitable for binding 
to CB1 receptor in living cells.

Intracellular Ca2+ and adenylyl cyclase are considered to 
be important signaling molecules of cannabinoid CB1 recep-
tors[20–22].  To confirm the functional antagonistic activities 
of MJ08 toward the cannabinoid CB1 receptor, the effects of 
MJ08 on cannabinoid CB1 receptor agonist-induced responses, 
including intracellular Ca2+ ([Ca2+]i) and cAMP content, were 
observed in hippocampal neurons (abundance of CB1 recep-
tor) and CHO-hCB1 cells, respectively.  It has been docu-
mented that the cannabinoid CB1/CB2 receptor agonist WIN 
55,212-2 increases intracellular Ca2+ via CB1 coupling to Gq/11

 

G proteins[20].  In our experiment, similar to SR141716A and 

other reported antagonists[23, 24], the increase of [Ca2+]i induced 
by WIN 55,212-2 was absent in hippocampal neurons after the 
incorporation of MJ08 (from 10-8 to 10-5 mol/L) with compara-
ble efficiency to SR141716A.  Additionally, as CB-coupled Gi/o 
proteins, cAMP is the key molecule in reflecting cannabinoid 
CB1 receptor activation or antagonism.  Our results revealed 
that MJ08 significantly reversed WIN 55,212-2-induced inhi-
bition of forskolin-stimulated cyclic AMP accumulation in a 
dose-dependent manner in CHO-hCB1 cells.  Taken together, 
the [Ca2+]i and cAMP assays demonstrated that MJ08 acts as a 
cannabinoid CB1 receptor antagonist of second messenger sig-
naling in mammalian cells with similar efficacy to SR141716A.  
Additionally, both SR141716A and MJ08 significantly antago-
nized the inhibition by WIN 55,212-2 of the contraction of 
mouse vas deferens smooth muscle with electrical stimulation.  
The relatively higher pA2 value of MJ08 than SR141716A in 
this assay indicates its stronger or comparable antagonism.  
Therefore, the above results suggest that MJ08 is a potent and 
highly selective cannabinoid CB1 receptor antagonist.  

On the other hand, MJ08 also displayed inverse agonist 
properties, ie, inhibiting CB1 receptor activity in the absence of 
an agonist, which includes directly increasing cAMP accumula-
tion in CHO-hCB1 cells and promoting contractions of isolated 
preparations of guinea pig ileum and mouse vas deferens.  In 
CHO-hCB1 cells, MJ08 not only enhanced cAMP accumulation 
in the presence of forskolin (its efficacy was about 5 to 10 times 
of SR141716A) but also markedly evoked the increase of intra-
cellular cAMP in the absence of forskolin at higher concentra-
tions.  The efficacy of 1 μmol/L of MJ08 also corresponds to 
the efficacy of 10 μmol/L of SR141716A (data not shown).  
This result indicates that MJ08 is a more potent inverse agonist 
of the cannabinoid CB1 receptor than SR141716A.  SR141716A 
has been shown to enhance the contraction force of guinea 
pig ileum smooth muscle in isolated guinea pig ileum tests, 
but we found that it displayed a time-dependent decreasing 
trend, with the maximum effect at 30 s.  The contraction fre-
quency was increased 1.16 times by 10-5 mol/L SR141716A at 
60 s, whereas MJ08 significantly enhanced both the contraction 
force and frequency under the same conditions without atten-
uation with time.  The contraction frequency was significantly 
increased by MJ08 even at 10-9 mol/L at 60 s and reached 
to 1.24 times with 10-5 mol/L MJ08.  In the isolated mouse 
vas deferens experiment, similar to known inverse agonists, 
SR141716A or and MJ08 also both promoted the electrically-
evoked contractions of the mouse vas deferens at concentra-
tions ranging from 10-10 to 10-6 mol/L, although the contraction 
amplitude was only slightly increased.  This phenomenon 
corresponded with the point that the inverse agonist exhibited 
greater potency in producing opposing effects induced by the 
cannabinoid CB1 receptor agonists[9].  As MJ08 did not interact 
directly with the muscarinic receptor or adrenergic receptor α 
(data not shown), the mechanisms by which MJ08 promotes 
muscle contraction and the electrically-evoked contractions of 
the mouse vas deferens are likely to be cannabinoid CB1 recep-
tor mediated rather than through non-specific interactions 
with other receptors.  Therefore, MJ08 is a selective antagonist 



1157

www.chinaphar.com
Chen W et al

Acta Pharmacologica Sinica

npg

and inverse agonist of the cannabinoid CB1 receptor.
Previously, an increasing body of evidence has demon-

strated the roles of the endogenous cannabinoid system 
(ECs), including CB1 receptor, endocannabinoids, and related 
metabolic enzymes, in the regulation of food consumption 
and body weight in animals and humans[25, 26].  Hyperphagic 
effects are closely related to the hyperactivity of the ECs, 
and thus the endocannabinoid system had been a valuable 
therapeutic target for obesity[27, 28].  Correspondingly, the can-
nabinoid CB1 receptor antagonist had been shown to attenu-
ate food intake and increase body energy expenditure in DIO 
mice and genetic obese animals[26, 29, 30].  Thus, in the present 
study, high-fat diet-induced obese mice were used to evalu-
ate the in vivo pharmacodynamic effects of MJ08.  Compared 
with SR141716A, chronic treatment with MJ08 displayed a 
higher efficacy in inducing weight loss (although without 
statistical difference), correcting dyslipidemia, and in lower-
ing retroperitoneal adipose tissue in DIO mice.  This effect 
suggests that MJ08 is an orally active cannabinoid CB1 recep-
tor antagonist.  Additionally, a significant increase in FBG in 
DIO mice by MJ08 was surprisingly found after 40 d of treat-
ment; however, the FBG values returned to normal soon after 
compound withdrawal.  Similarly, during the preparation of 
our manuscript, another CB1 receptor inverse agonist AM251 
was also reported to increase the serum glucose level in 24-h 
fasted obese rats, but the author attributed it to heavy insulin 
resistance produced by hypercaloric diets[31].  However, this 
conclusion seems inappropriate because the serum insulin 
and glucose levels of the obese rats were both lower than that 
of the standard diet rats; the levels of the other two hormones 
(adiponectin and leptin) relating to glucose homeostasis were 
also comparable to the non-obese rats in their study[31].  Here, 
we considered two reasons may be responsible for this FBG 
increasing effect of a cannabinoid CB1 receptor antagonist/
inverse agonist MJ08: first, it may be related to the activa-
tion of the sympathoadrenal system and the release of nora-
drenaline, which had been recently demonstrated in the diet-
induced obese rats by Molhoj et al[32]; and secondly, MJ08 itself 
markedly increased intracellular cAMP, which may have 
promoted gluconeogenesis and/or glycogenolysis via increas-
ing phosphorylation of phosphoenolpyruvate carboxykinase 
(PEPCK) and glucose-6-phosphate (G6P), respectively.  There-
fore, the more potent inverse agonistic characteristic of MJ08 
may be partially related to this FBG increasing effect, although 
the detailed mechanisms still need further study.  However, if 
this is a category response of some CB1 receptor inverse ago-
nists can’t be completely excluded.  

Additionally, it was also observed that the bioactivities 
of MJ08 became more potent as the experimental system 
advanced from the in vitro molecular level to the cellular level 
and then to the in vivo experiments; a significant enhancement 
was particularly seen between the molecular and cellular sys-
tems.  First, we think that the incomplete, identical binding 
modes of MJ08 and SR141716A and the minute conformational 
change of the cannabinoid CB1 receptor in cell membrane 
preparations and living cells may be responsible for the phe-

nomenon.  When considering the cannabinoid CB1 receptor 
to be a well-defined but dynamic receptor protein, changes in 
the receptor steric conformation under different circumstances 
will likely affect its response to exogenous ligands.  Secondly, 
the complex pharmacological regulations depend on the 
particular profile of the used ligand; the minute difference in 
structure of MJ08 may be key because the compound’s confor-
mation or conformational freedom is crucial for the receptor’s 
affinity, selectivity, and efficacy[33].  Different small-molecule 
antagonists and inverse agonists bind in very different modes 
into the funnel of the main ligand-binding pocket GPCRs.  In 
fact, MJ08 has a different amide in the 3 site of the pyrazole 
compared with SR141716A; when calculated with ChemOffice 
2008, the LogP of MJ08 (7.04) is higher than that of SR141716A 
(6.28).  This indicates that SR141716A is more hydrophilic 
than MJ08 and may thus display higher affinity at the in vitro 
molecular level, which is also confirmed by their different 
behaviors in the thin-layer chromatography assay.  Certainly, 
the involved mechanisms need to be studied in further detail.  

In conclusion, MJ08 is a structurally novel, potent and selec-
tive cannabinoid CB1 receptor antagonist with many special-
ized pharmacologic effects on different experimental systems.  
It exhibits potent inverse agonism and in vivo bioactivity.  
MJ08 may be used as a novel pharmacological tool to charac-
terize the versatile nature and complexity of the cannabinoid 
signaling pathway.  
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