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Abstract 
The action of IS, 1’s-tetrandrine, a bisbenzyltetrahydroisoquinoline alkaloid, on al-adre- 
noceptors has been compared with that of its isomer lR,l’S-isotetrandrine. The work 
includes binding assays to analyse the affinity of these products for the [3H]prazosin 
binding site of rat cerebral cortical membranes and functional studies on rat isolated aorta 
to examine the effects of both alkaloids on intracellular calcium processes related or not to 
a-adrenoceptor activation. 

A radioligand receptor-binding study showed that both compounds interacted with the 
al-adrenoceptors displacing [3H]prazosin from the specific binding site. The Ki values 
(inhibition constants) were 0.69 f 0.12 and 1.6 f 0.4 p~ for tetrandrine and isotetrandrine, 
respectively. The functional studies showed that both alkaloids concentration-dependently 
inhibited noradrenaline-induced contraction in Ca2+-free solution (IC50 values, i.e. the 
concentrations needed to induce 50% inhibition, were 252-8 and 174.9 p M  for tetrandrine 
and isotetrandrine, respectively), the spontaneous contractile response elicited by extra- 
cellular calcium after depletion of noradrenaline-sensitive intracellular stores (increase in 
resting tone; IC50 values 11.6 and 1 9 . 6 , ~ ~  for tetrandrine and isotetrandrine, respectively) 
and the refilling of intracellular Ca2+ stores sensitive to noradrenaline (IC50 values 7.4 and 
14-9 ,UM for tetrandrine and isotetrandrine, respectively). 

The results show that tetrandrine and isotetrandrine interact with al-adrenoceptors 
by displacing the [3H]prazosin binding site and that both compounds inhibit mainly the 
Ca2+-dependent process and have less action on al -adrenoceptors. Tetrandrine is more 
potent than isotetrandrine. 

Tetrandrine, a bisbenzyltetrahydroisoquinoline 
alkaloid isolated from the Chinese medicinal plant 
Stephania tetrandra, is the most potent member of 
a new class of calcium-entry blockers of natural 
origin. It has been found to inhibit T- and L- 
type Ca2+ channels in a number of cell types, and 
binding studies have shown that it interacts at the 
benzothiazepine recognition site in the Ca2+ 
channel (King et a1 1988; Felix et a1 1992; Wang & 
Lemos 1995). Chemically, tetrandrine is a dimer 
with two benzylisoquinoline subunits condensed 
head-to-head, tail-to-tail fashion with lS, 1’s stereo- 
chemistry at the chiral isoquinoline carbon (Schiff 
1987) (Figure 1). 

Correspondence: E. Anselmi, Departamento de Farmacolo- 
gia, Facultad de Farmacia, Universitat de Valbncia. Avda. 
Vicent Andrks Estelles s/n 46100. Burjassot, Valbncia, Spain. 

In a previous study, Anselmi et a1 (1994) exam- 
ined the action of tetrandrine on rat aorta and 
compared it with the relaxant action of its isomer 
lR,l’S-isotetrandrine, which differs from tetran- 
drine only in the stereochemistry at the chiral 
centres. In that study it was observed that tetran- 
drine and isotetrandrine relax the contractile 
response elicited by depolarizing solution (KC1 
8 0 m ~ )  or noradrenaline (1 pM), and in Ca2+-free 
solution at the highest concentration tested 
(300 p ~ )  they inhibited the contraction induced by 
noradrenaline. They did not, however, affect the 
contraction induced by caffeine. It has been sug- 
gested that in rat aorta the noradrenaline-induced 
release of intracellular Ca2+ is attributable to al -  
adrenoceptor activation (Noguera & D’Oc6n 1992) 
whereas the mechanism of caffeine-induced Ca2+- 
release is different. Both alkaloids could therefore 
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Tetrandrine 

lsotetrandrine 

Figure 1. The chemical structures of tetrandrine (lS,l’S 
isomer) and isotetrandrine (lR,l’S isomer). 

act at the al-adrenoceptor level. To confirm this 
hypothesis the current work includes binding stu- 
dies for determination of the interaction of the 
alkaloids with the al-adrenoceptor by examining 
their effects on [3H]prazosin binding to rat cerebral 
cortical membranes. The work also includes func- 
tional studies on rat isolated aorta to examine in 
greater detail the effects of different concentrations 
of both alkaloids on noradrenaline-induced con- 
traction in Ca2+-free solution and on the process of 
refilling of intracellular calcium stores previously 
depleted with noradrenaline (al-adrenoceptor acti- 
vation) or caffeine. 

Some of these data have already been presented 
in abstract form (Anselmi et al 1996). 

Materials and Methods 

Drugs and solutions 
(-)-Noradrenaline L-tartrate was from Merck and 
anhydrous caffeine from Sigma (St Louis, MO). 
Tetrandrine was a gift from Dr D. Fang (Depart- 
ment of Pharmacology, Tongji Medical University, 
Wuhan, China) and isotetrandrine was isolated 
from Limaciopsis loangensis by the method of 
Cav6 et a1 (1979). Prazosin and phentolamine were 
from Sigma, and [3H]prazosin (20-3 Ci mmol-’) 
from Amersham International (Bucks, UK). Other 
reagents were of analytical grade. 

Caffeine was dissolved in Ca2+-free Krebs solu- 
tion, other drugs in distilled water. All solutions 
were prepared daily and the pH was tested. 

The composition of the Krebs solution was ( m ~ ) :  
NaCl 118, KC1 4.75, CaC12 1-8, MgC12 1.2, 
KH2P04 1-2, NaHC03 25, glucose 11. The com- 
position of the Ca2’-free solution was identical 
except that CaC12 was omitted and EDTA (0.1 m ~ )  
was added. 

Binding study 
Preparation of membranes. Female Wistar rats, 
180-200 g, were decapitated and the brains rapidly 
removed. The cerebral cortex was homogenized in 
10vols (w/v) ice-cold buffer (Tris HCl 5m, 
sucrose 2 5 0 m  and EDTA 1 m ~ ;  pH 7.5 at 25°C) 
using an Ultra-Turrax (2 x 15 s). The homogenate 
was centrifuged for 10 min at lOOOg, the pellet was 
discarded and the supernatant was centrifuged at 
50 OOOg for 15 min at 4°C. The final pellet was 
resuspended in assay buffer and stored at -70°C 
for later use. All membrane-preparation procedures 
were conducted at 4°C. 

[3H]prazosin-binding studies. Binding of [3H] 
prazosin was measured in samples of diluted 
membranes incubated in 5 0 m  Tris buffer (pH 
7.5) with [3H]prazosin ( 0 . 2 n ~ )  and in the absence 
or presence of 17-20 concentrations of the indi- 
cated agents. The incubation volume was 1mL 
(approx. 250 pg protein/tube). The assay tubes 
were incubated for 45 min at 25°C and the binding 
reactions were then terminated by rapid vacuum 
filtration using a Brandel cell harvester (M24R) 
with fibre-glass filters (Schleicher and Schuell, No. 
30) presoaked in 0.3% polyethylenimine for 5 min. 
The filters were then washed with ice-cold 5 0 m  
Tris-HC1 buffer, pH 7.5 (4 x 4mL) and the radio- 
activity bound to the filters was determined by 
liquid-scintillation counting. Non-specific binding 
was defined as binding in the presence of 1 O p ~  
phentolamine. 

Proteins were assayed according to the method of 
Bradford with y-globulin as standard (Bradford 
1976). All results were obtained in triplicate. Dis- 
placement curves were analysed by the weighted 
least-squares iterative curve-fitting program, 
Ligand (Munson & Rodbard 1980), and inhibition 
constants (Ki) were calculated by use of the for- 
mula of Cheng & Prussoff (1973). 

Functional study 
Rings of thoracic aorta (denuded of endothelium) 
from male Wistar rats, 200-220 g, were prepared 
and mounted as described by Furchgott & 
Zawadzki ( 1980). Each preparation was suspended 
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in a 10-mL organ bath containing Krebs bicarbonate 
solution, maintained at 37°C and oxygenated with 
95% 02-5% C02. An initial load of 1 g was applied 
to each preparation and maintained throughout a 75- 
90-min equilibration period before addition of ago- 
nist. Tension was recorded isometrically on a Phillips 
recorder (PM 8222) coupled to a Hewlett-Packard 
amplifier (8805D) via force-displacement transdu- 
cers (Gould Statham UC2). 

Endothelium-denuded aortic rings were prepared 
by rubbing the entire intimal surface. The absence 
of relaxant response after acetylcholine (100 pM) 
addition to preparations contracted with nora- 
drenaline (1 p ~ )  indicated the absence of functional 
endothelium from all the rings (Furchgott & 
Zawadzki 1980). 

Analysis of results 
Contractions in physiological solution were 
expressed as mg of developed tension and, when 
elicited in Ca2+-free medium, as a percentage of 
noradrenaline- or caffeine-induced contraction 
obtained in normal physiological solution. The 
increase in resting tone (IRT) was also expressed as 
a percentage of the noradrenaline-induced con- 
traction in normal physiological solution. The 
concentration needed to induce 50% inhibition 
(IC50) was obtained by non-linear regression ana- 
lysis (Graph Pad Software; San Diego, CA, USA) 
and results are presented as the means of n deter- 
minations. It was, however, impossible to calculate 
the standard error of the mean (s.e.m.). 

Results 
Binding assays 
The binding of [3H]prazosin to the rat cerebral 
cortex membranes was specific, saturable and of 
high affinity. Non-linear regression analysis of the 
saturation data was consistent with the presence of 
a single population of binding sites. The KD (affi- 
nity) and B,, (total number of receptors) values 
derived were 0.1 1 f 0.02 nM 
and 132.5 f 7.2 fmol (mg protein)-', respectively 
(Sallts & Badia 1994). The specific binding of 
[3H]prazosin at a concentration of 0.2 n~ repre- 
sented approximately 90% of the total binding. 

The interaction of tetrandrine and isotetrandrine 
with [3H]prazosin binding is shown in Figure 2. 
Both alkaloids completely inhibited [3H]prazosin 
binding to cortical membranes, with inhibition 
constants (Ki) of 0.69 f 0.12 and 1.66 f 0.4 p~ 
for tetrandrine and isotetrandrine, respectively 
(Table 1). 

That the pseudo-Hill coefficient (slope factor) 
was not significantly different from unity 
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Figure 2. Displacement of the specific binding of [3H]prazo- 
sin (concentration-response curve) to the rat cerebral cortex 
by tetrandrine (0) or isotetrandrine (A). Each point is the 
mean of results from 5 or 6 experiments performed in tripli- 
cate; the s.e.m. is shown by the vertical lines. 

(nH =0.89 f 0.08 and 0.97 f 0.07 for tetrandrine 
and isotetrandrine, respectively) suggests direct 
competition between the alkaloids and the radio- 
ligand for a single common binding site. 

Functional assays 
Effects of alkaloids on the basal tone of the aorta. 
Contractile response was obtained by addition of 
1 p~ noradrenaline after washed, stable basal tone 
was obtained. Subsequent addition of cumulative 
amounts (0.1 -300 pM) of tetrandrine or isotetran- 
drine did not modify the tone of the aorta rings. 

Effect of alkaloids on noradrenaline-induced con- 
traction in Ca2+-free solution. In Krebs solution 
noradrenaline (1 pM) evoked a maximum contrac- 
tion. The magnitude of the contractile response of 
rat aortic tissue was 849.57 f 160.25 mg (n =7). 
After 15min in Ca2+-free solution (Figure 3), 
addition of noradrenaline induced a biphasic con- 
traction (NA,). The magnitude of these contrac- 
tions was 30.2f 3.3% (n =7). A second application 
of noradrenaline (1 pM) in Ca2+-free solution 
(NAI/) evoked no response. Upon re-exposure of 
the tissues to a Ca2+-containing solution for 
20min, an increase in the resting tone was 
observed. This increase was 30.68 f 2.8 % (n =7) 
relative to noradrenaline-induced contractions in 
physiological solution. Returning the tissues to a 
Ca2+-free solution reduced the tension to baseline 
and further application of noradrenaline (NA2) 
15 min later induced a contraction similar in size to 
the first contraction elicited in Ca2+-free solution 

With the aim of ascertaining the influence of the 
alkaloids on Ca2+-release from intracellular storage 
sites sensitive to noradrenaline, concentration- 
response curves for inhibition were obtained by 

(NAd 
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Table 1. Inhibitory potency of tetrandrine and isotetrandnne. 

Agent Functional studies Binding studies 

KCl NA NA2 (-Ca) IRT2 NA3 (-Ca) [3H]Prazosin 
IC50 (pM) IC50 (pM) IC50 (pM) IC50 (pM) IC50 (pM) Ki 

Tetrandrine 13.58f2.1t 29.54 f 0.6t 252.8 11.6 7.4 0.69f0.12 

Isotetrandrine 23.30f 2.0*? 22.30f 3.0t 174.9 19.6 14.9 1.66 f 0.40 
(n=7) (n=5) (n =3 - 5 )  (n=3-6) (n =4-6) (n=5) 

(n =5) (n =5) (n=3-5) (n=3-5) (n=4-6) (n =5) 

KCl=effect on the contraction induced by 8 0 m ~  potassium chloride; NA=effect on the contraction induced by 1 pM 
noradrenaline in Ca'+-containing solution; NA2 (-Ca) =effect on the contraction induced by 1 p~ noradrenaline in Ca +-free 
solution (see Figure 3); IRTz=effect on the increase in the resting tone after depletion of intracellular Ca2+ pools sensitive to 
noradrenaline (see Figure 4a); NA3 (-Ca)=effect, in Cazf-free solution, on the refilling of intracellular Ca2+ pools sensitive to 
noradrenaline (see Figure 4a); Ki =inhibitory potency of the alkaloids on [3H]prazosin-binding to specific receptors of rat cerebral 
cortex membranes. IC50 is the concentration needed to induce 50% inhibition. All values are means & s.e.m.; n =number of 
experiments. *P < 0.05 significantly different from result for tetrandrine. tAnselmi et a1 1994. 

NA NA1 NA1, Alkaloid 
NA2 

I Ca(+) I Ca(-) (Ca(+)l Ca(-) 

Figure 3. Experimental procedure used to study the effect of 
alkaloids on noradrenaline-induced contraction in Ca2+-free 
solution. NAI =addition of the agonist after 15-min incubation 
in Ca2+-free solution. NA1, =second addition of the agonist 
after washing (W) in Ca2+-free solution. NA2 =addition of the 
agonist in the presence or absence of different concentrations 
( 3 - 3 0 0 ~ ~ )  of the alkaloid, after 20-min resting period in 
Krebs bicarbonate solution (Ca2+ 1.8 mM) and 15 min in Ca2+- 
free solution. IRT =increase in resting tone. 

pre-incubation with tetrandrine or isotetrandrine, 
15 min before noradrenaline (1 p ~ )  in Ca2+-free 
solution (Figure 3) (NA2). The IC50 values 
obtained were 252.8 pM (n =6) for tetrandrine and 
174.9 pM (n =5) for isotetrandrine (Table 1) 

Effect of alkaloids on the increase in resting tone 
(IRT) of aorta and refilling of intracellular Ca2' 
stores sensitive to noradrenaline. To investigate 
the possible modification by tetrandrine or iso- 
tetrandrine of the spontaneous contractile response 
elicited by extracellular calcium after depletion of 
noradrenaline-sensitive intracellular stores 
(increase in resting tone, IRT) and of the refilling of 
intracellular Ca2' pools sensitive to noradrenaline, 
concentration-response curves for inhibition were 
obtained by additing the alkaloids 15min before 
and during the genesis of the IRT (Figure 4a). Both 
alkaloids induced concentration-dependent inhibi- 
tion. The IC50 values obtained are shown in Table 
1. Complete inhibition of this contractile process 
was observed at the highest concentration (300 p ~ ) .  

These alkaloids also inhibited the refilling of the 
internal Ca2+ pools sensitive to noradrenaline. The 
IC50 values are shown in Table 1. At the maximum 
concentration assayed (300 p M )  both alkaloids 
completely inhibited the response to noradrenaline 
in Ca2+-free solution (NA3). 

Influence of alkaloids on the refilling of intracel- 
lular Ca2+ stores sensitive to caffeine. At 25°C 
caffeine ( l o r n )  induced a rapid transient con- 
traction in normal Krebs solution (Figure 4b; Table 
2). Addition of caffeine after 15min exposure to 
Ca2+-free solution resulted in a phasic contraction 

NA NA1 NA1, NA2 NA2,Akaloid NA3 

Caf Caf, Caf,,Alkaloid Caf2 Caf2, 

Figure 4. Experimental protocol used to analyse the influence 
of alkaloids on the increase in restin tone (IRT) of aorta and 
on the refilling of intracellular Ca" stores sensitive to nor- 
adrenaline (a) or caffeine (b). NA1 or Cafl=addition of the 
agonist after 15-min incubation in Ca2+-free solution. NAI, or 
Ca%q=second addition of the agonist after washing (W) in 
Ca -free solution. NA2 or Caf, (or NA3)=addition of the 
agonist after 20-min resting period in Krebs solution (Ca2+- 
loading period) and 15-min incubation in Ca2+-free solution. 
In the experiment designed to assess the effects of the alkaloids 
on the increase in the resting tone and on the refilling of 
intracellular Ca2+ stores sensitive to noradrenaline or caffeine, 
the aorta was pretreated with different concentrations of these 
agents (3-3OOpM) both 15min before and during the Ca2+- 
loading period. 
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Table 2. Contractile response to caffeine, in Ca2+-free solu- 
tion of tissues treated with the agents during the refilling of 
Ca2’ stores. 

Agent Dose (gM) n Cafl (%) Caf2 (a) 

Control - 6 61.2f5.2 61.9f5.2 
Tetrandrine 100 3 44.1f9.1 21.7f11.7 

300 4 55.3f3.1 19.6f3.6* 
Isotetrandrine 100 3 39.9f 13.4 30.5f 8.2 

300 6 35.8f7.6 39.9f 13.4 

Cafl =contraction response to caffeine when added after 15- 
min incubation in Ca2+-free solution. Caf2 =contraction 
response to caffeine when added after 20-min resting period 
in Krebs solution (Ca2+-loading period) and then 15-min 
incubation in Ca2+-free solution. Contractions are expressed 
as a percentage of the caffeine-induced contraction in physio- 
logical solution. All values are meansf s.e.m.; n=number of 
experiments. *P < 0.01 significantly different from result for 
Cafl. See Figure 4b. 

(61.2 If 6.2%, n =6). Re-exposure to Ca2+-con- 
taining solution did not result in the development 
of spontaneous contraction, but refilling of the 
intracellular Ca2+ stores was observed, because a 
contraction was obtained in response to caffeine 
(Caf2) (Table 2). 

To study the possible action of tetrandrine and 
isotetrandrine on the refilling of the intracellular 
Ca2+ stores sensitive to caffeine, the magnitude of 
the contractile response obtained by subsequent 
addition of caffeine (Caf2, Figure 4b) in Ca2+-free 
medium after a Ca2+-loading period was assumed 
to be related to the content of the agonist-sensitive 
Ca2+ pools. The recovery of the contractile 
response to caffeine in Ca2+-free medium (Caf2) 
was inhibited by tetrandrine but only at the highest 
concentration tested (300 pM) when it was present 
during the Ca2+-refilling period; a lower con- 
centration (100 p ~ )  of alkaloid did not modify this 
contractile response. Isotetrandrine did not sig- 
nificantly modify the caffeine response (Caf2) 
(Table 2). 

Discussion 
Tetrandrine has the pharmacological profile of a 
Ca2+-entry blocker (Qian et a1 1983; King et a1 
1988; D’Oc6n et a1 1992; Felix et a1 1992; Wang & 
Lemos 1995), and its inhibition of the L-type Ca2+ 
channel has been considered to be the basis of its 
therapeutic efficacy in the treatment of cardiovas- 
cular disorders such as hypertension and angina 
(Gao et a1 1965; Wang & Lemos 1995). The isomer 
of tetrandrine, isotetrandrine, also interacts at the 
benzothiazepine-binding site (Felix et a1 1992) but 
with less potency than tetrandrine. 

In a previous study Anselmi et a1 (1994) exam- 
ined the relaxant action of tetrandrine and iso- 

tetrandrine in rat aortic strips in the presence and 
absence of extracellular calcium; the results indi- 
cated that both alkaloids relax, in a concentration- 
dependent manner, the contraction induced by 
noradrenaline and KC1 and that inhibition of KC1- 
induced contraction by tetrandrine was stronger 
than that by isotetrandrine. In assays in Ca2+-free 
solution, the highest concentration tested of both 
alkaloids inhibited the contractile response induced 
by noradrenaline; these results suggest that the 
alkaloids could inhibit contractile responses medi- 
ated by al-adrenoceptor activation. This hypothesis 
is consistent with the fact that in rat aorta the 
noradrenaline-induced release of intracellular Ca2+ 
is attributable to al-adrenoceptor activation 
(Noguera & D’Oc6n 1992). To confirm this 
hypothesis we studied the possible interaction of 
tetrandrine and isotetrandrine with a -adrenocep- 
tors using a radioligand-binding technique. Because 
of the limited amount of plasmalemma-rich mem- 
brane available from the rat aortic smooth muscle, 
rat cerebral cortex membranes were chosen for the 
radioligand-binding study. It has been demon- 
strated that in this preparation the prazosin-high- 
affinity sites are composed of a1A- and alB-sub- 
types at a ratio of approximately 30: 70 (SallCs & 
Badia 1994; Madrero et a1 1996). Our results show 
that the alkaloids tested were unable to discriminate 
between al-adrenoceptor subtypes, because the 
binding of [3H]prazosin was monophasically 
inhibited by these compounds with Hill slopes not 
significantly different from unity. The affinity for 
the two subtypes is, therefore, similar. These results 
provide us with experimental evidence that both 
alkaloids act at the al-adrenoceptor, but compar- 
ison of the Ki values obtained with [3H]prazosin 
and [3H]diltiazem (Felix et a1 1992) reveals greater 
selectivity for interaction at benzothiazepine than at 
the al-adrenoceptor binding site. 

Our functional studies showed that tetrandrine 
and isotetrandrine relax the contraction elicited by 
noradrenaline in physiological solution (Anselmi et 
a1 1994) that depends on both extracellular Ca2+ 
influx through voltage Ca2+ channels and intra- 
cellular Ca2+ release by al -adrenoceptor activation 
(Noguera & D’Oc6n 1996). The IC50 values 
obtained in these assays indicated higher potency 
compared with the IC50 values obtained for the 
contraction induced by noradrenaline in Ca2+-free 
solution that is attributable only to intracellular 
Ca2+-release by al-adrenoceptor activation (Table 
1). This explains why both alkaloids have stronger 
inhibitory action on the entrance of extracellular 
calcium. 

It is significant that the IC50 values obtained on 
noradrenaline-induced contraction in physiological 
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solution were very different from the Ki value ob- 
tained in binding studies by displacing [3H]prazo- 
sin (Table 1). This difference might be explained 
by the different al-adrenoceptor subtypes in these 
tissues-rat cerebral cortex membranes are com- 
posed of alA- and alB-adrenoceptors (Sallks & 
Badia 1994; Madrero et a1 1996), whereas alD- 
subtypes are present on the rat aorta (Kenny et a1 
1995; Fagura et a1 1997). We can discount the 
possibility of agonist or partial agonist action 
(Achike & Kwan 1997) of the alkaloids, because 
results obtained in the current work showed that 
tetrandrine and isotetrandrine did not modify the 
basal tone of rat aorta or rat-tail artery (data not 
shown). 

In another group of experiments we assayed the 
action of these compounds on the spontaneous 
contractile response elicited by extracellular cal- 
cium after depletion of noradrenaline-sensitive 
intracellular stores and on the refilling of intracel- 
lular Ca2+ stores sensitive to noradrenaline or 
caffeine. The increase in resting tone (IRT) seems 
to be related to xl-adrenoceptor activation (it was 
selectively blocked by prazosin; Noguera & 
D’Oc6n 1992) but the fact that calcium-channel 
blockers such as nifedipine (Noguera & D’Oc6n 
1993a), nimodipine (Noguera et a1 1997) and ver- 
apamil (Noguera & D’Oc6n 1993b) also block this 
contraction is indicative of the involvement of a 
voltage-dependent Ca2’ channel in this process. 
We assessed the influence of tetrandrine and iso- 
tetrandrine on the magnitude of this increase in the 
resting tone. Treatment with these agents induced 
concentration-dependent inhibition of the con- 
tractile response (IRT), because the IC50 values for 
tetrandrine and isotetrandrine were very similar to 
those obtained for contractile responses elicited by 
KC1 ( 8 0 ~ ) .  We can assume that these alkaloids 
relaxed the IRT by blocking Ca2+ entry through 
voltage-sensitive Ca2+-channels. 

We also studied the possible action of tetrandrine 
and isotetrandrine on the Ca2+-refilling process 
after depletion of intracellular stores sensitive to 
noradrenaline or caffeine. Noguera et a1 (1997) 
proposed the existence of two patterns of Ca2+ 
entry and refilling of internal stores, one involving 
voltage-dependent Ca2+-channels sensitive to 
dihydropyridines and related to the IRT observed 
during this refilling, the other involving Ca2+ entry 
through a special refilling channel but apparently 
not related to the IRT. The mechanism involving 
Ca2+ entry through a special refilling channel is 
common to other agents that deplete internal Ca2+ 
stores, for example ryanodine, thapsigargin and 
caffeine (Noguera et a1 1997) and is consistent with 
the capacitative Ca2+ entry model proposed by 

Putney (1990). In the current study we observed 
that the presence of tetrandrine and isotetrandrine 
during the refilling process resulted in inhibition of 
noradrenaline response (NA,), and the IC50 values 
were similar to those obtained for contraction 
induced by KC1. We also observed that when, after 
depletion of Ca2+ stores by caffeine, the alkaloids 
were present during the refilling process there was 
no inhibition, and only tetrandrine at the highest 
concentration tested elicited significant inhibition 
of the caffeine response (Table 2). These results 
indicate that under our experimental conditions 
these alkaloids did not inhibit capacitative Ca2+ 
entry. These results contrast with those obtained by 
Low et a1 (1996) who considered tetrandrine a 
potent inhibitor of capacitative Ca2+ entry. 

In summary, the results obtained in binding 
assays show that tetrandrine and isotetrandrine 
interact with al-adrenoceptors by displacing the 
[3H]prazosin binding site and that tetrandrine 
interacts more selectively at the benzothiazepine 
recognition site in the Ca2+ channel (Felix et a1 
1992) than at the al-adrenoceptor binding site. The 
functional results indicate that both compounds 
mainly inhibit the Ca2+-dependent process and 
have less action on al-adrenoceptors. The action of 
tetrandrine was always stronger than that of iso- 
tetrandrine. 
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