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Abstract 

Our results provide further evidence for the hypothesis that the mouse vas deferens contains cannabinoid C B  1 receptors. 
Thus we found that in the presence of forskolin, the cannabinoid receptor agonist, CP 55,940 ((-)-3-[2-hydroxy-4-(1,1-dimethyl- 
heptyl)phenyl]-4-(3-hydroxypropyl)cyclohexan-l-ol) produced a concentration related inhibition of cyclic AMP production by the 
vas deferens (ECs0 = 6.0 nM). At 100 nM, SR141716A (N-(piperidin-l-yl)-5-(4-chlorophenyl)-l-(2,4-dichlorophenyl)-4-methyl- 
1H-pyrazole-3-carboxamide hydrochloride) attenuated this effect of CP 55,940, producing a parallel rightward shift in its log 
concentration-response curve (Ko = 4.3 nM). We also found that cyclic AMP production was inhibited by (-)-11-hydroxy-l', l'-di- 
methylheptyl-AS-tetrahydrocannabinol but not by the (+)  enantiomer. 
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1. Introduction 

Because of the high potency and remarkable stereo- 
selectivity of certain cannabinoids as inhibitors of elec- 
trically evoked contractions of the mouse vas deferens 
and because the cannabinoid CB 1 receptor antagonist, 
SR141716A (N-(piperidin- 1-yl)-5-(4-chlorophenyl)- 1- 
(2,4-dichlorophenyl)-4-methyl- 1H-pyrazole-3-car- 
boxamide hydrochloride), can antagonize this effect it 
is likely that the vas deferens contains cannabinoid 
receptors (Pacheco et al., 1991; Pertwee et al., 1992, 
1995; Rinaldi-Carmona et al., 1994). The present ex- 
periments have explored this hypothesis further by 
investigating the ability of the cannabinoid receptor 
agonist, CP 55,940 ((-)-3-[2-hydroxy-4-(1,1-dimethyl- 
heptyl)phenyl]-4-(3-hydroxypropyl)cyclohexan- 1-oi) to 
inhibit cyclic AMP production by the vas deferens. 
This strategy was adopted as CB1 receptors are cou- 
pled to G i and are able to inhibit adenylate cyclase 
(see Pertwee, 1995). As an inhibitory effect by CP 
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55,940 was detected, further experiments were carried 
out to measure the ability of SR141716A to attenuate 
the degree of inhibition produced. The question of 
whether cannabinoids show stereoselectivity as in- 
hibitors of cyclic AMP production by the vas deferens 
was also addressed using (+ ) -  and ( - ) - l l -hyd roxy-  
l',l '-dimethylheptyl-AS-tetrahydrocannabinol, the ste- 
reochemical purity of which is particularly high (see 
Mechoulam and Fride, 1995). 

2. Materials and methods 

2.1. Drugs, chemicals and analytical reagents 

The ll-hydroxy-l ' , l '-dimethylheptyl analogues of 
(+ ) -  and (-)-AS-tetrahydrocannabinol were obtained 
from Professor Mechoulam, Hebrew University of 
Jerusalem, CP 55,940 from Pfizer and SR141716A from 
Sanofi. Each compound was mixed with 2 parts of 
Tween 80 by weight and dispersed in Tyrode's solution 
of the following composition (mM): NaC1 137.1, KC1 
2.7, NaHCO 3 12.0, MgC12 • 6 H 2 0  14.6, glucose 5.5 and 
C a C l z . 2 H 2 0  1.4. In control experiments, Tween 80 
(Sigma) was added instead of SR141716A or a cannabi- 
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noid.  For sko l in  and  3 - i sobu ty l - l -me thy lxan th ine  were  
dissolved in d imethyl  sulfoxide.  These  c o m p o u n d s  were  
o b t a i n e d  f rom Sigma as was bovine  se rum albumin.  
Fo l in -C ioca l t eu ' s  pheno l  r e agen t  was supp l i ed  by Fi-  
son 's  Scient if ic  E q u i p m e n t  and the  l iquid sc int i l la t ion 
cocktai l ,  U l t ima  Go ld  XR,  by C a n b e r r a  Packard .  O t h e r  
chemica ls  were  o b t a i n e d  f rom B D H  Chemicals .  Al l  
drugs  were  a d d e d  in a vo lume of  10 /z l .  

s u p e r n a t a n t  was r e move d  and  then  b rough t  to a p H  of  
8 - 9  by the  add i t i on  of  4 0 - 6 0  /zl of  1 M N a O H .  T h e  
concen t r a t i on  of  cyclic A M P  p re se n t  in the  super -  
n a t a n t  was d e t e r m i n e d  by r a d i o i m m u n o a s s a y  ( A m e r -  
sham kit, UK).  Al l  incubat ions  were  ca r r i ed  out  at  
37°C. 

2.3. Protein assay 

2.2. Cyclic A M P  assay 

Vasa  de f e r en t i a  were  o b t a i n e d  f rom a lb ino  MF1 
mice weighing  3 6 - 6 0  g. Each  t issue was p r e i n c u b a t e d  
for 30 min in the  p re sence  or  absence  of  SR141716A in 
500 /x l  of  Ty rode ' s  solut ion.  I t  was then  t r ans fe r r ed  to 
a second  500 /xl s ample  of  this  solut ion,  now also 
conta in ing  500 ~ M  3- i sobu ty l - l -me thy lxan th ine  and  
usual ly  also a c a n n a b i n o i d  or  T w e e n  80. A f t e r  a 30 min 
incuba t ion ,  each  t issue was t r ans fe r r ed  to  ano the r  500 
/xl s ample  of  this so lu t ion  conta in ing  100 n M  forskolin.  
A f t e r  15 min,  500 /zl 0.1 M HCI was added .  Each  
so lu t ion  was a l lowed to s t and  for  15 min  at  37°C and 
was then  cen t r i fuged  for  2 min at 15 600 x g. The  

A f t e r  the  cen t r i fuga t ion  s tep jus t  desc r ibed ,  each  vas 
de fe rens  was h o m o g e n i z e d  in 1 ml o f  a 2% ( w / v )  
aqueous  so lu t ion  of  the  solubi l iz ing agent  sod ium do-  
decy l su lpha te  con ta in ing  0.1 M N a O H .  A f t e r  60 min  at  
37°C, a 50-fold d i lu t ion  of  the  h o m o g e n a t e  was m a d e  
with 0.5 M N a O H  and  its p ro t e in  con ten t  m e a s u r e d  by 
the  m e t h o d  of  Lowry et  al. (1951) using bovine  se rum 
a lbumin  as s t anda rd .  

2.4. Analysis o f  data 

Values  are  given as m e a n s  and l imits of  e r ro r  as 
s t a n d a r d  errors .  The  d issoc ia t ion  cons tan t  ( K  d) of  
SR141716A was ca lcu la ted  f rom a single dose  ra t io  
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Fig. 1. Mean concentration-response curves for CP 55,940 constructed (a) in the absence of other agents (open circles) or (b) in the presence of 
100 nM SR141716A (filled triangles) or of Tween 80 (open triangles). The square symbol and inverted triangle shown in (a) denote respective 
responses to 100 nM forskolin and to a dose of Tween 80 identical to the dose added in combination with 316.2 nM CP 55,940. Each symbol 
represents the mean value + S.E. of cyclic AMP produced by vasa deferentia in the presence of 100 nM forskolin (n = 6-12 different vasa 
deferentia). The upper plateau of the sigmoid curve shown in (a) has been constrained to pass through the mean value of cyclic AMP production 
stimulated by 100 nM forskolin in the absence of CP 55,940 or Tween 80 (see square symbol). The mean value of forskolin-stimulated cyclic AMP 
production through which the lower plateau of the curve passes is 30.0 pmol/mg of protein/15 min (95% confidence limits = 18.3 and 42.3 
pmol/mg of protein/15 min). The significance of differences between the effect of forskolin by itself and the effect of forskolin in the presence 
of CP 55,940 or Tween 80 shown in (a) was evaluated by analysis of variance followed by Dunnett's 1-tailed test ( *P < 0.05). 
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Fig. 2. Each column represents the mean value + S.E. of cyclic AMP produced by vasa deferentia (a) in the absence of forskolin, (b) in the 
presence of 316.2 nM CP 55,940 and absence of forskolin, (c) in the presence of 100 nM forskolin, (d) in the presence of 100 nM forskolin and 1 
tzM (+)-ll-hydroxy-l ' , l '-dimethylheptyl-AS-tetrahydrocannabinol (HU 211), (e) in the presence of 1130 nM forskolin and 25 nM ( - ) - l l -hydroxy-  
l',l '-dimethylheptyI-AS-tetrahydrocannabinol (HU 210) and (f) in the presence of 100 nM forskolin and 100 nM SR141716A (n = 8-12 different 
vasa deferentia). The asterisk denotes a significant difference (P  < 0.05) between Basal and Forskolin (Dunnett 's  2-tailed test) or between 
Forskolin and Forskolin + HU 210 (Dunnett 's  1-tailed test). There is no significant difference between Basal and CP 55,940 or Forskolin and 
Forskolin + HU 211 (Dunnett 's  test) or between Forskolin and Forskolin + SR141716A (Student's t-test for unpaired data). 

value by Schild analysis (Pertwee et al., 1995). A sym- 
metrical (2 + 2) dose parallel line assay was used to 
calculate the dose ratio value and the 95% confidence 
limits of this value and also to establish whether any 
shift in the log concentration-response curve of CP 
55,940 produced by SR141716A deviated significantly 
from parallelism (Pertwee et al., 1995). The concentra- 
tion of CP 55,940 at the mid point of its log concentra- 
tion-response curve (ECs0) and its 95% confidence 
limits have been calculated by non-linear regression 
analysis (GraphPAD InPlot). Mean values have been 
compared by Student's t-test for unpaired data or by 
analysis of variance followed by Dunnett 's test (Super 
Anova). A P value < 0.05 was considered to be signifi- 
cant. 

of CP 55,940 (Fig. lb). The mean K d value of 
SR141716A with its 95% confidence limits shown in 
brackets was calculated to be 4.3 nM (1.8 and 424.4 
nM). By itself, SR141716A did not detectably affect 
cyclic AMP production (Fig. 2). 

Cyclic AMP production by the vas deferens oc- 
curred in the absence of forskolin but was greater in its 
presence (Fig. 2). A concentration of CP 55,940 (316.2 
riM) that was significantly inhibitory in the presence of 
forskolin (Fig. 1) had no detectable effect in its ab- 
sence (Fig. 2). Forskolin-stimulated cyclic AMP pro- 
duction was significantly inhibited by 25 n M (  - )-11-hy- 
droxy- 1', r-dimethylheptyl-AS-tetrahydrocannabinol but 
not by 1 /xM (+)-ll-hydroxy-l',l '-dimethylheptyl-AS-te - 
trahydrocannabinol (Fig. 2). 

3. Results  

Cyclic AMP production was inhibited by CP 55,940 
in a concentration-related manner (Fig. la). The log 
concentration-response curve fitted a sigmoid curve 
(r 2 = 0.978), the shape of which suggests that maximal 
concentrations of CP 55,940 are not completely in- 
hibitory. The mean ECs0 of CP 55,940 with its 95% 
confidence limits shown in brackets is 6.0 nM (1.1 and 
31.1 nM). SR141716A (100 nM) behaved as a competi- 
tive surmountable antagonist, producing a parallel 
rightward shift in the log concentration-response curve 

4. Di scuss ion  

Our experiments show that CP 55,940 has a dose-re- 
lated inhibitory effect on cyclic AMP production by the 
vas deferens and that this effect can be attenuated by 
SR141716A. The K d value of SR141716A calculated 
from our data is similar to values obtained previously 
(Pertwee et al., 1995). These results suggest that it is 
cannabinoid CB t receptors through which CP 55,940 
acts to inhibit cyclic AMP production by the vas defer- 
ens and consequently also provide further evidence for 
the presence of such receptors in this tissue. Support 
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for these conclusions comes from our experiments with 
( +)- and (-)-l l-hydroxy-l ' , l ' -dimethylheptyl-A8-tetra - 
hydrocannabinol. Only the ( - )  enantiomer is a potent 
cannabinoid receptor agonist (Pertwee et al., 1992; 
Mechoulam and Fride, 1995) and it was only this 
enantiomer that significantly attenuated cyclic AMP 
production. 

The highest concentration of CP 55,940 that we 
used to inhibit cyclic AMP production in the presence 
of forskolin (316.2 nM) had no detectable effect on 
basal production. A similar observation has been made 
previously with certain other preparations, for example 
rat brain slices and mouse synaptosomes (Bidaut Rus- 
sell et al., 1990; Little and Martin, 1991). Another  of 
our observations, that maximal concentrations of CP 
55,940 do not completely inhibit cyclic AMP produc- 
tion by the vas deferens, is also in line with previous 
reports (Howlett et al., 1988; Pacheco et al., 1993). One 
possible explanation for this finding is that not all the 
cyclic AMP production that occurs in tissues contain- 
ing cannabinoid receptors is regulated by these recep- 
tors. 

In conclusion, our results seem to provide another 
example of a tissue in which cannabinoid receptors are 
negatively coupled to adenylate cyclase. It remains to 
be established whether it is this transduction mecha- 
nism that mediates cannabinoid-induced inhibition of 
the twitch response of the mouse vas deferens as 
cannabinoid C B  1 receptors are also negatively coupled 
to N-type Ca 2÷ channels (see Deadwyler et al., 1995). 
Cannabinoids probably reduce the twitch response by 
acting prejunctionally to decrease release of contractile 
transmitters (Pertwee and Griffin, 1995) and such an 
effect could well result from cannabinoid-induced inhi- 
bition of Ca 2÷ influx. Our finding that CP 55,940 is 
markedly less potent as an inhibitor of cyclic AMP 
production by the mouse vas deferens (ECs0 = 6 nM) 
than as an inhibitor of electrically evoked contractions 
of this tissue (ECs0 = 0.48 nM) (Pertwee et al., 1995) is 
consistent with this hypothesis. However, because the 
immediate effects of cytosolic cyclic AMP are presum- 
ably amplified by subsequent steps of the signal trans- 
duction cascade, there is another possible explanation 
for this potency difference. Thus it may be that some 
concentrations of CP 55,940 decrease cyclic AMP con- 
centrations by amounts that are too small to detect by 
radioimmunoassay but that are sufficient when ampli- 
fied by the signal transduction process, to bring about 
measurable reductions in electrically evoked contrac- 
tions. 

Acknowledgements 

This work was supported by grants from the Well- 
come Trust (grant 0349240) and from the European 
Social Fund. We thank Professor Mechoulam for (+ ) -  
and ( - )- 11-hydroxy- 1', l'-dimethylheptyl-AS-tetrahydro - 
cannabinol, Pfizer for CP 55,940 and Sanofi for 
SR141716A. 

References 

Bidaut-Russell, M., W.A. Devane and A.C. Howlett, 1990, Cannabi- 
noid receptors and modulation of cyclic AMP accumulation in 
the rat brain, J. Neurochem. 55, 21. 

Deadwyler, S.A., R.E. Hampson and S.R. Childers, 1995, Functional 
significance of cannabinoid receptors in brain, in: Cannabinoid 
Receptors, ed. R.G. Pertwee (Academic Press, London) p. 205. 

Howlett, A.C., M.R. Johnson, L.S. Melvin and G.M. Milne, 1988, 
Non-classical cannabinoid analgetics inhibit adenylate cyclase: 
development of a cannabinoid receptor model, Mol. Pharmacol. 
33, 297. 

Little, P.J. and B.R. Martin, 1991, The effects of A9-tetrahydrocan - 
nabinol and other cannabinoids on cAMP accumulation in synap- 
tosomes, Life Sci. 48, 1133. 

Lowry, O.H., N.J. Rosebrough, A.L. Farr, and R.J. Randall, 1951, 
Protein measurement with the Folin phenol reagent, J. Biol. 
Chem. 193, 265. 

Mechoulam, R. and E. Fride, 1995, The unpaved road to the 
endogenous brain cannabinoid ligands, the anandamides, in: 
Cannabinoid Receptors, ed. R.G. Pertwee (Academic Press, Lon- 
don) p. 233. 

Pacheco, M., S.R. Childers, R. Arnold, F. Casiano and S.J. Ward, 
1991, Aminoalkylindoles: actions on specific G-protein-linked 
receptors, J. Pharmacol. Exp. Ther. 257, 170. 

Pacheco, M.A., S.J. Ward and S.R. Childers, 1993, Identification of 
cannabinoid receptors in cultures of rat cerebeUar granule cells, 
Brain Res. 603, 102. 

Pertwee, R.G., 1995, Pharmacological, physiological and clinical im- 
plications of the discovery of cannabinoid receptors: an overview, 
in: Cannabinoid Receptors, ed. R.G. Pertwee (Academic Press, 
London) p. 1. 

Pertwee, R.G. and G. Griffin, 1995, A preliminary investigation of 
the mechanisms underlying cannabinoid tolerance in the mouse 
vas deferens, Eur. J. Pharmacol. 272, 67. 

Pertwee, R.G., L.A. Stevenson, D.B. Elrick, R. Mechoulam and A.D. 
Corbett, 1992, Inhibitory effects of certain enantiomeric cannabi- 
noids in the mouse vas deferens and the myenteric plexus prepa- 
ration of guinea-pig small intestine, Br. J. Pharmacol. 105, 980. 

Pertwee, R.G., G. Griffin, J.A.H. Lainton and J.W. Huffman, 1995, 
Pharmacological characterization of three novel cannabinoid re- 
ceptor agonists in the mouse isolated vas deferens, Eur. J. Phar- 
macol. 284, 241. 

Rinaldi-Carmona, M., F. Barth, M. H6aulme, D. Shire, B. Calandra, 
C. Congy, S. Martinez, J. Maruani, G. N61iat, D. Caput, P. 
Ferrara, P. Soubri6, J.C. Breli~re and G. Le Fur, 1994, 
SR141716A, a potent and selective antagonist of the brain 
cannabinoid receptor, FEBS Lett. 350, 240. 


