
716 Short communications 

REFERENCES 7. J. W. Olson, R. J. Altiere and M. N. Gillespie, 
1. C. A. Wagenvoort and N. Wagenvoort, Pathology of Biochem. Pharmac. 33, 3633 (1984). 

Pulmonary Hypertension. John Wiley, New York 8. J. W. Olson, A. D. Hacker, R. J. Altiere and M. N. 
(1977). Gillespie, Am. J. Physiol. 247, H682 (1984). 

2. A. E. Pegg and P. P. McCann, Am. .I. Physiol. 243, 9. J. W. Olson, J. E. Atkinson. A. D. Hacken, R. J. 
C212 (1982). Altiere and M. N. Gillespie, Tax. Appl. Pharmac. 81, 

3. B. Meyrick and L. Reid, Lab Invest. 38, 188 (1978). (1985). 
4. B. Meyrick and L. Reid, Am. 1. Path. 96, 51 (1979). 10. A. D. Hacker, D. F. Tierney and T. K. O’Brien, 
5. C. Niedenzu, K. Grasedyck, N. F. Voelkel, S. Biochem. biophys. Res. Commun. 113, 491 (1983). 

Bittmann and J. Lindner, Int. Archs occup. environ. 11. B. G. Erwin, D. R. Bethel1 and A. E. Pegg, Am. J. 
Hlth 48, 185 (1981). Physiol. 246, C293 (1984). 

6. S. S. Sobin, H. M. Tremer, J. D. Hardy and H. P. 12. M. N. Gillespie, C. N. Reinsel, J. W. Olson and R. J. 
Chiodi, J. appi. Physiol. 55, 1445 (1983). Altiere, Fedn Proc. 43, 881 (1984). 

Biochemical Pharmacology. Vol. 35. No. 4. pp. 716-718, 1986. ooo6-2952/86 $3.00 + o.uo 
Printed in Great Britain. 0 1986 Pergamon Press Ltd. 

Stereoselective interactions of 2-[(2’,6’-dimethoxyphenoxyethyl)aminomethyl)- 
l&benzodioxane (W&4101) with the calcium channel 

(Received 17 April 1985; accepted 4 September 1985) 

There have been numerous reports in the literature regard- 
ing the cu-adrenergic blocking activity of various calcium 
channel blockers [l-4]. Several investigators have sug- 
gested that some of the clinical effects of verapamil, a 
calcium channel blocker, may be due to its cu,-adrenergic 
blocking effects f2-41. Conversely, it appears that certain 
adrenergic blocking _ agents may have _ calcium channel 
blocking activity [5]. A study by Atlas and Adler [S] sug- 
gests that the low affinity binding sites of the ‘H-labeled 
Lu,-adrenergic antagonist 2-~(2~‘-dimethoxyphenoxyethyl)- 
aminomethvll-l,4-benzodioxane f13HlWB-4101) mav actu- 
ally represent binding sites on the calcium channel: 

To determine more directly whether WB-4101 interacts 
with binding sites closely linked to calcium channels, we 
examined its interaction with the receptor recently iden- 
tified for the dihydropyridine calcium channel blockers 
[6-8]. We used enantiomeric pairs of WB-4101 to aid in 
differentiating specific from non-specific interactions. Our - _ 
results suggest that, at higher concentrations than those 
needed for adrenergic blocking activity, WB-4101 interacts 
specifically with the dihydropyridine receptor and that these 
higher concentrations may be associated with calcium chan- 
nel blocking properties. 

Methods 

Compounds. [3H]Nitrendipine (71 Ci/mmole) was ob- 
tained from New England Nuclear (Boston, MA). The 
enantiomers of WB-4101 were synthesized by previously 
reported methods [9, lo]. 

Binding studies. Male Sprague-Dawley rats (200-300 g) 
were killed by cervical dislocation. After removal, the heart 
was rapidly perfused with 10 ml of ice-cold buffer (50 mM 
Tris-HCI, pH 7.4) to remove red cells. The perfused heart 
was stripped of great vessels and extraneous connective 
tissue and placed in ice-cold buffer to produce a con- 
centration of 100 mg tissue/ml buffer. The tissue was homo- 
genized on a Brinkmann Polytron homogenizer using three 
.5-see bursts at 80% of the maximum speed. The rest&ant 
homogenate was centrifuged at 48,OOOg for 1_5min, and 
the supernatant fraction was discarded. This procedure was 
repeated twice. The pellet was resuspended in buffer to a 
final protein concentration of 0.1 mg/ml. 

Incubations were carried out at 2.5” for 90 min. Saturation 
experiments were performed with concentrations of [3H]- 
nitrendipine ranging from0.02 to 1.0 nM. For displacement 
experiments, the concentration of [3~]nitrendipine in the 
incubates was 0.05 nM. Concentrations of antagonists rang- 
ing from 1 x 10-‘M to 3.2 x 10e4 were present. Con- 
centrations greater than 3.2 X 10m4 M were not employed 
because of limited quantities of the enantiomers. Incu- 

bations were terminated by rapid vacuum filtration over 
filters (Whatman GF/B) that were subsequently rinsed with 
12 ml of ice-cold buffer. Bound radioactivity was deter- 
mined by liquid scintillation counting of the filters. Count- 
ing efficiency ranged from 38 to 42%. Non-specific binding 
was determined as the amount of [3H]nitrendipine bound 
in the presence of 10m6M nifedipine and routinely 
accounted for 4O-50% of total binding. 

Pharmacologic studies. Male Sprague-Dawley rats (200- 
300~) were killed by cervical dislocation. Longitudinal 
strips of the right ventricle (-5mm in length, 2mm in 
width) were obtained and placed in a 100 ml organ bath at 
37” containing isotonic Krebs-Henseleit buffer (OH 7.4) 

3. I 
and aerated with 95% O2 and 5% CO*. Muscle strips were 
mounted and attached to a Kistler-Morse model dSC-6 
force displacement transducer. Contractions were induced 
by field stimulation at a rate of 2.OHz. After an equili- 
bration period of 60 min at 1.5 g tension, the contraction 
signals were amplified and recorded (Gould model ES1000 
Physiologic Recorder) at a tension of 1 g. Cumulative con- 
centration-response curves for inhibition of isometric con- 
tractions by racemic WB-4101 were obtained. Because of 
limited quantities of the enantiomers, we could not carry 
out pharmacologic studies with these compounds. 

Data analysis. The data from individual saturation 
experiments were expressed as amount bound and plotted 
against concentration of [3H]nitrendipine. To obtain the 
& and B,, (maximum number of binding sites) of nitren- 
dipine the data were tit by digital computer (FIT 
FUNCTION on the PROPHET SYSTEM) to the following 
eouation: 

Amount bound = x + K,, x C 
d 

where C is the total concentration of nitrendipine in the 
incubation mixture and K”, is the non-specific binding con- 
stant. Since the amount bound to the membrane par- 
ticulates routinely accounted for less than 10% of the 
added amount of [3HJnitrendipine, total approximated free 
concentrations. 

The data from the displacement experiments were 
expressed as a percentage of specificaliy bound [3H]nitren- 
dipine and plotted against the log concentration of the 
displacing agent. The data ranging from 20 to 80% spe- 
cificaliy bound [3H]nitrendipine were fit by log-linear least 
sauares regression analysis. The I% was obtained bv cal- 
culating thi concentration at whichthe specifically bound 
I’Hlnitrcndioine was 50%. Data were handled in this wav 
Instead of w&h traditionai 3-4 parameter logistic equations 
because maximum displacement of t3H]nitrendipine was 
not obtained. 
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A similar approach was used to fit the data obtained in 
the pharmacologic studies except that instead of percent 
specifically bound, the fit was for percent of m~imum 
contraction versus the logarithm of the concentration of 
WB-4101. 

Experiments to test for differences between R- and S- 
WB-4101 were carried out as paired studies: studies with 
both R- and S-WB-4101 were carried out in a single mem- 
brane particulate preparation. This experiment was 
repeated six times. Statistical analysis to test for differences 
between the ICKY values was carried out by a Wilcoxon 
Signed Rank test for paired data. 

Results 

A representative saturation isotherm of [3~]ni~endipine 
in cardiac membrane particulates is shown in Fig. 1. The 
Kd (mean 2 SD.) was 0.33 2 0.09 nM and the B,, was 
199 i 13 fmoIes/mg protein (N = 3). 
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Fig. 1. A representative saturation isotherm (25”) of [)H]- 
nitrendipine in rat myocardial membrane par&dates. 
Shown is the computer-generated fit of the data together 
with the computer-generated curves for the non-specific 
and saturable binding processes. The k; for this experiment 

was 0.25 nM and the B,,, was 214 fmoles/mg protein, 
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Fig. 2. Representative displacement curves of [3H]nitren- 
dipine from its binding sites on rat myocardial membrane 
particulates by R (0) and S- (e) WB-4101. Each point is 
the mean of triplicate determinations. The lines represent 
the best fit obtained by log-linear least squares regression 

analysis. 

Representative displacement curves of bound [3H]nitren- 
dipine bv the enantiomers of WB-4101 are shown in Fie. 
2.‘Both ihe R- and S-enantiomers of WB-4101 displaced 
f3H]nitrendipine in a concentration-dependent fashion; 
however, complete inhibition of specifically bound 13H]- 
nitrendipine was not obtained even at the highest con- 
centrations studied (3.2 x 10e4M). The results of the 
paired studies with R- and S-WB-4101 are shown in Table 
1. S-WB-4101 was substantiaIIy more potent than R-WB- 
4101 in displacing bound [3H]nitrendipine (P < 0.05). The 
ICY,, (mean f SD.) for S-WB-4101 was 1.22 x lo-” C 
0.66 x 10m4 M. In three of the six paired experiments, R- 
WB-4101 at concentrations of 3.2 X 10m4 M displaced less 
than 20% of the specifically bound [3H]nitrendipine and 
the xcso, although not computed, was simply expressed as 
>3.2 x 10-“M. The lcsO (mean ? S.D.) of racemic WB- 
4101 was 7.27 + 4.44 x 10m5 M (N = 3). 

To determine whether WB-4101 was affecting non-spe- 
cifically bound Z3H]nitrendipine, we carried out three dis- 
placement experiments of [3H]nitrendipine in the presence 
of 1O-6 M nifedipine. The results in all three experiments 
demonstrated that, even at high concentrations (3.2 x 

10m4 M), racemic WB-4101 did not affect non-specifically 
bound [‘Hlnitrendipine. 

With respect to pharmacologic potency, the IQ,, 
(mean i: S.D.) for racemic WB-4101 obtained from three 
experiments was 8.98 2 2.81 X 10T5 M. 

Discussion 

Recently, Atlas and Adler [S] demonstrated that the or- 
adrenergic blocking agent WB-4101 appears to be a calcium 
channel blocker at higher concentrations. The evidence 
presented in their study was obtained primarily in neuro- 
blastoma-glioma hybrid cells which are devoid of Lu,-adre- 
nergic receptors. A major question unanswered by the 
study was whether the calcium channel blocking effects 
were due to a specific receptor interaction or to non-specific 
membrane interactions present at higher concentrations. 
Arguments presented in favor of specific interactions at the 
calcium channel included the fact that the low affinity 
binding capacity of [3H]WB-4101 is the same order of 
magnitude as computed densities of ion channels. 

To specitically address the questions raised in the studv 
of Atlas and Adler [5], we examined the interaction of WB- 
4101 with the recentlv identified receotor for the dihvdro- 
pyridine calcium channel blockers [&I. We employed the 
enantiomers of WB-4101 to aid in differentiating specific 
from non-specific effects. Our results demonstrated that 

Table 1. Relative potencies of R- and S-WB-4101 at the 
putative dihydropyridine receptor 

IC~~*( x 1O’M) 

Expt. No. R-WB-4101 S-WB-4101 

1 >3.2t 2.45 
2 2.34 1.00 
3 >3.2 1.38 
4 5.75 0.91 
5 3.02 0.55 
6 >3.2 1.00 

Experiments were carried out in particulates prepared 
from rat myocardium using 0.05 nM f3H]nitrendipine to 
specifically label the receptor. 

* Values were obtained by fitting the data between 20 
and 80% specifically bound [ 3H]nitrendipine to a log-linear 
equation and calculating the concentration of WB-4101 
enantiomer needed to displace 50% of the specifically 
bound [ )H]nitrendipine 

t Greater than 80% of the [3H]nitrendipine still bound 
at the highest concentration studied (3.2 X 10m4 M). 
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WB-4101 does indeed interact in a concentration-depen- 
dent fashion with the dihydropyridine receptor in myo- 
cardial tissue. This interaction occurred with specifically 
rather than non-specifically bound [3H]nitrendipine as sug- 
gested by the stereoselectivity of WB-4101 and the experi- 
ments demonstrating that racemic WB-4101 did not alter 
non-specifically bound [3H]nitrendipine. Concentrations of 
WB-4101 ranging between lo-’ and 10e4M are approxi- 
mately lOO-fold higher than needed to evoke cri-adrenergic 
blocking effects [5,9,11]. However, the concentrations are 
similar to those observed by Atlas and Adler [5] to displace 
[3H]WB-4101 from its binding sites in neuroblastoma gli- 
oma cells, suggesting that the low af~njty biffding site of 
[3H]WB-4101 in these cells may represent the dihydro- 
pyridine receptor, 

Because of the high concentrations needed and the lim- 
ited amounts of compounds, the data allow us to conclude 
that specific rather than non-specific binding is being 
altered, but do not allow us to infer whether the mechanism 
is competitive or allosteric. Nevertheless, the interaction 
of WB-4101 with the [3H]nitrendipine binding site may be 
related to the calcium channel blocking effects of this 
compound as is suggested by the similar pharmacologic and 
binding IC,, values (0.9 x 10m4M compared to 0.73 x 
10m4M). However, other mechanisms for the phar- 
macologic response of WB-4101 in these experiments can- 
not be excluded. 

In conclusion, our results demonstrate that WB-4101, a 
potent cui-adrenergic blocking agent, also interacted spe- 
cifically with the dihydropyridine calcium channel receptor. 
The potency of WB-4101 at the dihydropyridine receptor 
correlated with its ph~macologic potency as a calcium 
channel blocker. Because of the high concentrations 
required for calcium channel blocking activity, the impli- 
cations of these findings to studies performed at con- 
centrations required to elicit ~,-adrenergjc blocking effects 
are not important. However, the observations may be 
important for understanding the toxicities of WB-4101 and 
perhaps other a+adrenergic blocking agents. In addition, 
the study has important implications for pharmacologic 
studies employing adrenergic blocking agents. In particu- 
lar, a,-adrenergic blocking agents such as WB-4101 may 
be used in pharmacologic studies to “block” adrenergic 
receptors. In these situations, it is important to unde~tand 
that at high concentrations a,-adrenergic blocking agents 

§ Send reprint requests to: Kathleen M. Giacomini, 
Ph.D., Room 926-S School of Pharmacy, University of 
California, San Francisco, CA 94143, U.S.A. 

may also inhibit calcium channels. Thus, the interpretation 
of the pharmacologic specificity of ru,-adrenergic blocking 
agents at higher concentrations should be made with the 
knowledge that these concentrations may also invoke cal- 
cium channel blocking effects. 
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An example of P-450 catalytic activities not correlated with corresponding 
P-450 mRNA concentrations 

(Received 17 May 198.5; accepted 6 September 1985) 

Enzyme induction is usually associated with elevated levels 
of messenger RNA [reviewed in Refs. 1 and 21. Increased 
mRNA concentrations can be the result of de nova syn- 
thesis (transcriptional activation of the gene), enhanced 
mRNA stabilization, or some combination of both. Like- 
wise, increased catalytic activity can be the result of de 
nova protein synthesis, enhanced stabilization of the active 
protein, or some combination of both. 

The induction of P-450 bv phenobarbital 13-61 and polv- 
cyclic aromatic compounds such as 3-methylchblanthrene 
or 2.3.7.8-tetrachlorodibenzo-~-dioxin 17-101 has been , , 
shown to be principahy due to transcriptional activation 
of the corresponding genes. At maximally induced P,- 

450mRNA levels in mouse liver, inducible aryl hydro- 
carbon hydroxylase activity appears to reach a plateau, 
however, suggesting that translational processes may be 
involved in limiting the expression of the enzyme activity 
[ll]. To our knowledge this study is the only reported 
examole 1111 in which P-450 mRNA levels have been shown 

L . 1 

not always to be correlated with their corres~ndin~ cata- 
lytic activity. The purpose of this report is to illustrate 
another example. 

In this study, high intraperitoneal doses of isosafrole 
were given to the C57BL/6N mouse. Heoatic PI-450 and P,- 
450 mRNA concentrations were elevated markedly, whiie 
their corresponding catalytic activities (Pi-450 = aryl 


