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BACKGROUND. Tadenant (a Pygeum africanum extract) is a drug used in the treatment of
benign prostatic hyperplasia. Its effects on prostate fibroblast proliferation and bladder func-
tion after partial outlet obstruction have been demonstrated in various pharmacological stud-
ies. However, its effects at the molecular level are poorly documented.
METHODS. Tadenant was dissolved in peanut oil. Rats were orally given two daily doses of
the drug (1 or 10 mg/kg b.w.) for 4 days. Vasoactive intestinal peptide (VIP) binding, adenylyl
cyclase stimulation, and expression of G-protein subunits were studied in rat prostatic mem-
branes by established procedures.
RESULTS. Tadenant treatment of castrated/testosterone-replaced rats was performed in
order to interfere with prostatic cell proliferation. This experimental approach resulted in
increases of: 1) VIP effect on adenylyl cyclase stimulation through as G-subunit; 2) ai activa-
tion by low Gpp[NH]p doses (in the presence of forskolin); and 3) as, ai1/2, and ai3/0 levels.
However, there were no modifications in membranes from quiescent, nonproliferating pros-
tates (untreated rats).
CONCLUSIONS. The observed regulatory role of Tadenant on various prostatic components
of the adenylyl cyclase system, together with previous findings on protein kinase C-mediated
signal transduction, open a complex array of possibilities of direct actions of this phytothera-
peutic agent in the prostate. Prostate 45:245–252, 2000. © 2000 Wiley-Liss, Inc.
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INTRODUCTION

Therapies for bladder outlet obstruction caused by
benign prostatic hyperplasia (BPH) should be mini-
mally invasive, economical, and low-risk, as well as
safe and effective [1,2]. In addition to 5a-reductase
inhibitors and a-blockers, there is ongoing interest in
the therapeutic potential of other agents that are
mainly phytotherapeutic preparations for the treat-
ment of BPH and related lower urinary tract symp-
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eral de Enseñanza Superior e Investigación Cientı́fica; Grant num-
ber: PM97-0069.
Disclosure statement: M. Querol and F. Bellamy are members of the
Fournier Group, which provided funds and the Tadenant stock for
the present study.
*Correspondence to: Juan C. Prieto, Ph.D., Departamento de Bio-
quı́mica y Biologı́a Molecular, Universidad de Alcalá, E-28871 Al-
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toms [3,4]. Plant extracts are widely used in many
countries as the first-line treatment with early and
moderate symptoms of bladder outflow obstruction
due to BPH [3]. However, their clinical efficacy and
the rationale for using them are still subjected to
debate, since they are mixtures of components of
differing therapeutic usefulness that act through
mechanisms poorly understood, such as inhibition of
5a-reductase, cyclooxygenase, lipoxygenase, sex hor-
mone-binding globulin, and a1-adrenoceptors [4–6].
Moreover, many of these agents have not been sub-
jected to controlled clinical trials, although this
problem is now being addressed [7,8]. Various Inter-
national Consultation Conferences on BPH have rec-
ommended that the companies producing these phy-
totherapeutic extracts submit their products to further
trials according to established guidelines, as well as to
elucidate their mechanism of action [9,10].

A lipidosterolic extract of the bark of the African
plum evergreen tree (Pygeum africanum) is available as
Tadenant in many countries for the treatment of mild
to moderate BPH, since it induces significant improve-
ments in urinary symptoms, maximum flow rate, and
residual volume without eliciting significant side ef-
fects [10,11]. Its mechanism of action remains to be
clearly elucidated, although some data exist support-
ing the idea that this plant extract does not modify
5a-reductase [12] but shows protective effects related
to improvement of bladder muscle contractility [13].
Moreover, Tadenant exerts antiinflammatory activity
[14] that is presumably related, at least in part, to the
inhibition of the production of 5-lipoxygenase me-
tabolites [15]. Interestingly, recent results have shown
that Tadenant is a potent inhibitor of rat fibroblast
proliferation in response to either direct activators of
protein kinase C (PKC) or growth factors such as FGF,
EGF, and IGF-I [16].

The elucidation of the precise molecular mecha-
nism of Tadenant on prostatic cell proliferation de-
served additional studies, since the hormonal path-
ways that regulate cell growth and involution are key
in the pathophysiology of both BPH and prostate can-
cer [17]. The primary role of androgens on the prolif-
eration and maintenance of function of prostatic cells
is well-recognized [18], but the cross-talk among the
androgen pathway and the PKC [19,20] and the ade-
nylyl cyclase [21,22] pathways of signal transduction
also plays a role. In fact, previous studies showed a
relationship of the adenylyl cyclase system with nor-
mal and tumor prostate cell growth, although the ex-
act mechanisms are not fully understood [23,24].

The aim of the present study was to investigate if
Tadenant modulates the components of the receptor-
mediated adenylyl cyclase pathway in the proliferat-
ing rat ventral prostate. To address this issue, we

chose the vasoactive intestinal peptide (VIP) receptor/
effector system that has been thoroughly character-
ized in both human [25] and rat [26,27] prostate. We
tested the effect of Tadenant treatment on the behav-
ior of VIP receptors and their coupling to adenylyl
cyclase activity as well as the levels of G-protein sub-
units in the proliferating prostate gland of rats. These
parameters were evaluated in control rats as well as in
castrated rats subjected to testosterone replacement,
which is a well-established model of prostatic cell pro-
liferation [28].

MATERIALS AND METHODS

Chemicals

Pygeum africanum extract (Tadenant), obtained
from the bark of the African plum evergreen tree,
was provided by Laboratories Debat (Garches,
France). Synthetic rat VIP was supplied by Neosystem
(Strasbourg, France). [125I]VIP was prepared at a spe-
cific activity of about 250 Ci/g [26]. Testosterone,
bovine serum albumin (BSA), guanyl-58-yl-
imidotriphosphate (Gpp[NH]p), forskolin, phenyl-
methylsulfonilfluoride (PMSF), 38-isobutyl-1-
methylxanthine (IBMX), and protein markers and
other chemicals for sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) were
purchased from Sigma Chemical Co. (Alcobendas-
Madrid, Spain). Specific antisera for G-protein sub-
units (RM/1 for as, AS/7 for ai1/2, and EC/2 for ai3/0)
were obtained from Dupont-New England Nuclear
(Boston, MA).

Animals and Preparation of Prostatic Membranes

Mature male Wistar rats (about 350 g) were housed
in a 12-hr light-dark cycle with water and Purina chow
ad libitum. The protocols employed for this investiga-
tion were approved by the Alcala University Institu-
tional Animal Care and Use Committee. Surgical cas-
tration was performed via scrotal incision under
anesthesia. A daily injection of testosterone (10 mg/kg
b.w.) dissolved in sesame oil-ethanol (9:1 v/v) was
given subcutaneously for 4 days to a group of 3-day
castrated rats. Some of these castrated/testosterone-
replaced rats as well as untreated rats were orally
given two daily doses of Tadenant (1 or 10 mg/kg
b.w.) dissolved in peanut oil for 4 days. The corre-
sponding control animals received the appropriate ve-
hicles. The animals were sacrificed by decapitation,
and the ventral prostate was immediately removed.
As reported elsewhere [29], prostatic tissue was ho-
mogenized in 25 mM triethanolamine-HCl buffer (pH
7.5) containing 0.25 mM sucrose, 0.1 mM PMSF, 0.5
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mM EDTA, and 0.1 mg/ml bacitracin. After centrifu-
gation at 600g for 10 min at 4°C, the pellet was dis-
carded and the supernatant was centrifuged again at
25,000g for 30 min at 4°C. Membranes were stored at
−80°C until use. Protein concentration was measured,
using BSA as a standard [30].

VIP Binding Assay

The binding assay of [125I]VIP was conducted as
previously described [25] by incubating membranes
(0.1 mg protein/ml) with 45 pM tracer in 0.25 ml Tris-
HCl buffer (pH 7.5) containing 1 mg/ml bacitracin
and 1.4% BSA in the absence or presence of increasing
VIP concentrations. After 60 min at 15°C, membrane-
bound peptide was separated by centrifugation at
12,000g for 5 min and counted for radioactivity. Re-
sults are expressed as specific binding, i.e., total minus
nonspecific binding as determined in the presence of 1
mM VIP (representing about 1% of total radioactivity
added).

Adenylyl Cyclase Assay

As reported elsewhere [25], membranes were incu-
bated in 0.1 ml 25 mM triethanolamine-HCl buffer
(pH 7.4) containing 1.5 mM ATP, an ATP-regenerating
system, 1 mM IBMX, 2 mM EDTA , 5 mM MgSO4, and
1 mg/ml bacitracin in the absence or presence of test
substances. After 10 min at 30°C, the reaction was ter-
minated by boiling for 3 min and refrigeration, fol-
lowed by the addition of 0.2 ml of an alumina slurry
(0.25 g/ml in triethanolamine-HCl buffer, pH 7.4) and
centrifugation. The supernatant was taken for cyclic
AMP measurement [31].

Immunodetection of G-Protein Subunits

The procedure was that reported previously [25].
Briefly, prostatic membranes were solubilized in 60
mM Tris-HCl buffer (pH 6.8) containing 10% glycerol,
0.001% bromophenol blue, and 3% SDS. Proteins were
subjected to SDS-PAGE and then transferred to a ni-
trocellulose sheet. Thereafter, G-protein subunits were
immunodetected with the antisera RM/1 (as), AS/7
(ai1/2), and EC/2 (ai3/0).

Statistical Analysis

The results are expressed either as the means ± SEM
or as representative experiments, each of which was
repeated at least three times. When appropriate, sta-
tistical analysis was performed by analysis of variance
(ANOVA) and multiple-comparison Student-

Newman-Keuls test. The level of significance was re-
garded at P < 0.05.

RESULTS

Three days after gonadectomy, the weight of the
ventral prostate decreased to about 60% of intact level.
Testosterone substitution during 4 days did not return
the gland weight to intact level, which is conceivably
due to the short period of androgen treatment. Tade-
nant did not modify prostate weight in the present
conditions (data not shown).

The possibility that Tadenant treatment could di-
rectly modify the components of plasma membrane
receptor/effector systems in the prostate gland and/
or even that this lipidosterolic extract could affect the
extent of coupling of these components led us to con-
sider the VIP receptor/effector system that works
through stimulation of adenylyl cyclase. The specific
binding of [125I]VIP to rat prostatic membranes was
competitively inhibited by increasing VIP doses (Fig.
1). The extent of VIP binding was greatly diminished
after castration, and was partially recovered and ap-
proached control values by means of testosterone re-
placement. The administration of Tadenant (1 mg/kg
b.w.) to castrated/testosterone-treated rats did not re-
sult in any significant modification of these values.

Fig. 1. Competitive inhibition of [125I]VIP binding by unlabeled
VIP in prostatic membranes. Results are means ± SEM of six de-
terminations, performed in duplicate, and corresponding to con-
trol (d), castrated (s), castrated/testosterone-replaced (j), and
castrated/testosterone-replaced/TadenanT-treated (h, at 1 mg
TadenanT/kg b.w.) rats.
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The Tadenant vehicle was ineffective (data not
shown). The Scatchard analysis of VIP binding data
gave curvilinear plots (not shown) that were inter-
preted by a computer program [32] in terms of two
classes of VIP binding sites possessing different affini-
ties. Table I shows the corresponding stoichiometric
parameters, and it suggests that the observed de-
creases in VIP binding are essentially related to de-
creases in the number of both classes of VIP binding
sites without modifications in their affinities.

The study of the functional coupling of VIP recep-
tors to adenylyl cyclase (Fig. 2) showed that castration
did not modify in a significant manner the ability of
increasing VIP concentrations to stimulate enzyme ac-
tivity in prostatic membranes, as compared to control
conditions. However, testosterone replacement in cas-
trated rats resulted in an important decrease of VIP
effect that was partially restored with Tadenant ad-
ministration at 1 mg/kg b.w. Moreover, it was appar-
ent from the experimental data that treatment with the
plant extract increased VIP potency up to the control
level, as indicated by the corresponding ED50 values
(about 6 nM for castrated/testosterone-treated rats,
and 2 nM for all castrated/testosterone/Tadenant-
treated, castrated, and control rats). The effect of Tade-
nant was not reproduced by treatment with the ve-
hicle (not shown).

In addition to stimulatory G-protein (Gs)-mediated
stimulation of adenylyl cyclase, inhibitory G-Protein
(Gi) function was also assessed at this level by deter-
mining the ability of low Gpp[NH]p concentrations to
inhibit forskolin-stimulated enzyme activity [33]. As
shown in Figure 3, control and castrated rats yielded a
typical biphasic response curve at a fixed dose of for-
skolin (1 mM): low nucleotide doses between 0.01–10
nM decreased adenylyl cyclase activity due to Gi ac-
tivation, whereas higher Gpp[NH]p concentrations
(0.1–100 mM) resulted in enzyme stimulation through
Gs activation. Interestingly, this biphasic pattern was
lost in prostatic membranes from castrated/
testosterone-treated rats (that only exhibited the

stimulatory arm of the dose-response curve), whereas
it was recovered and even magnified when these ani-
mals were treated with Tadenant (at 1 mg/kg b.w.).

Western-blot experiments were carried out in order
to study the expression profile of different a subunits
of G proteins. Both long (52-kDa) and short (49-kDa)
molecular forms of the as subunit were detected in
prostatic membranes from all groups (Fig. 4). The rela-
tive intensity of the bands and their quantitation by
densitometric analysis indicated that castration in-
creased as levels, whereas subsequent testosterone re-
placement decreased them. However, the administra-
tion of Tadenant (at both 1 and 10 mg/kg b.w.) to
castrated/testosterone-treated rats mimicked again
the tendency seen in the involuting gland by increas-
ing as levels. This effect was only seen in this condi-

Fig. 2. VIP stimulation of adenylyl cyclase activity in prostatic
membranes. Results are means ± SEM of six determinations, per-
formed in duplicate, and corresponding to control (d), castrated
(s), castrated/testosterone-replaced (j), and castrated/
testosterone-replaced/TadenanT-treated (h, at 1 mg TadenanT/kg
b.w.) rats.

TABLE I. Stoichiometric Parameters of VIP Receptors in Rat Prostatic Membranes†

Group

High-affinity Low-affinity

Kd Bmax Kd Bmax

Control 0.45 ± 0.80 0.42 ± 0.07 23.2 ± 6.4 5.20 ± 1.4
Castrated 0.42 ± 0.07 0.14 ± 0.01** 20.9 ± 5.8 2.96 ± 0.4*
Castrated/testosterone 0.54 ± 0.09 0.30 ± 0.07 25.4 ± 2.0 4.70 ± 1.9
Castrated/testosterone-Tadenant 1 mg/kg b.w. 0.49 ± 0.31 0.28 ± 0.12 26.9 ± 4.9 4.00 ± 0.9

†Equilibrium dissocation constants (Kd, nM) and maximum binding capacities (Bmax, pmol VIP bound per mg protein) (means ± SEM).
Data were calculated by Scatchard analysis of equilibrium binding data (Fig. 1), using the LIGAND program [32].
*P < 0.05 vs. control values.
**P < 0.01 vs. control values.
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tion of interfering prostatic cell proliferation and not
in the quiescent gland, since Tadenant at 1 mg/kg
b.w. did not modify as levels when administered to
untreated rats. Figures 5 and 6 show similar observa-
tions for ai1/2 and ai3/0 G-proteins subunits, respec-
tively.

DISCUSSION

The results of the present work contribute to in-
crease the knowledge on the molecular mechanism(s)
of action of a phytotherapeutic extract widely used in
the treatment of BPH (Tadenant), a lipidosterolic frac-
tion obtained from Pygeum africanum bark. We found
that in vivo Tadenant treatment of rats resulted in
increases of prostatic parameters such as: 1) VIP abil-
ity on adenylyl cyclase stimulation through as G-
protein subunit; 2) ai activation at low Gpp[NH]p con-
centrations in the presence of forskolin; and 3)
G-protein subunit levels (as, ai1/2, and ai3/0). These
features were seen when comparing castrated/
testosterone-treated rats with or without Tadenant
administration, and mimicked in many respects
(points 2 and 3) those shown by castrated animals, a
model of involution of the prostate gland. Tadenant
did not modify those parameters when given to un-
treated rats having a quiescent, essentially nonprolif-
erating gland.

Interestingly, Tadenant was effective at a dose as

low as 1 mg/kg b.w. that is very similar to that cur-
rently used for treatment of human benign prostatic
hyperplasia (about 1.5 mg/kg for an average weight
of 65 kg) [10,11]. The present results are therefore of
potential relevance from the dosage point of view,
since many animal studies have used doses far above
clinical levels [13,14].

The pathophysiology of the prostate gland is highly
dependent on the regulation of cell growth and apop-
tosis. Androgens here play the main role by stimulat-
ing cell proliferation and inhibiting cell death in both
normal and prostate cancer cells [17,18,34,35]. In the
present study, we used well-established models of
prostatic cell growth and regression: 3 days after sur-
gical castration in the rat corresponds to a maximal
rate of cell apoptosis in the gland (with a 20% loss of
its cell population) that can be immediately changed
to rapid cell proliferation by testosterone replacement
[29,35]. Following our previous experience [36], we
carried out testosterone replacement during 4 days as
a single daily dose of 10 mg/kg b.w. that is high
enough to be opposed to many consequences of sur-
gical castration. A 4-day treatment with the phyto-
therapeutic extract showed its effectiveness, and it
was chosen in order to cover the same period followed
for testosterone. Thus, the administration of Tadenant
simultaneously with testosterone during the 4 days
following the 3-day castration period is a way to in-

Fig. 3. Effect of low and high doses of Gpp[NH]p on forskolin (1
µM)-stimulated adenylyl cyclase activity in prostatic membranes.
Results are means ± SEM of four determinations, performed in
duplicate, and corresponding to control (d), castrated (s), cas-
trated/testosterone-replaced (j), and castrated/testosterone-
replaced/TadenanT-treated (h, at 1 mg TadenanT/kg b.w.) rats.

Fig. 4. Immunoblotting of G-protein as subunits. Prostatic
membranes from control (lane a), castrated (lane b), castrated/
testosterone-replaced (lane c), castrated/testosterone-replaced/
TadenanT-treated (lanes d and e, at 1 and 10 mg TadenanT/kg
b.w., respectively), and noncastrated/TadenanT-treated (lane f, at
1 mg TadenanT/kg b.w.) rats were used. Top: Autoradiograph for
a representative experiment including reference protein size
markers. Bottom: Videodensitometry quantification; means ±
SEM of three experiments.
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terfere with the hyperproliferative activity of the pros-
tate gland. These procedures allowed us to have con-
trol rats with essentially quiescent, nonproliferating
prostates as well as a group with proliferating glands
(castrated/testosterone-replaced rats) and two groups
with prostatic antiproliferative activity (castrated rats,
and castrated/testosterone- and Tadenant-treated
rats).

The study of the VIP/receptor system in the rat
ventral prostate after Tadenant administration was
chosen since it gave us a tool to analyze the behavior
of the adenylyl cyclase pathway of signal transduction
during treatment with this phytotherapeutic extract.
Moreover, VIP is a neuropeptide highly expressed in
this gland [37], and is claimed to participate in cell
proliferation, differentiation, and pathogenesis at this
level [25,38], with a good characterization of the prop-
erties of its receptors and their functional coupling to
adenylyl cyclase stimulation to Gs proteins
[25,27,29,39].

In agreement with a previous study [36], castration
resulted in an important decrease of VIP binding to rat
prostatic membranes that was partially recovered by
testosterone replacement. These changes were fully
explained by a decreased number of VIP receptors
(both high- and low-affinity) that could reflect the ad-
verse effects of androgen withdrawal on prostatic pro-
tein synthesis [17,18,35]. However, we did not find

any significant modification of the stimulatory effect
of the neuropeptide on adenylyl cyclase activity,
which also agrees with previous data [36] and may be
related to either different patterns of synthesis of the
components of this receptor effector/system or a dis-
tinct degree of coupling among them [39]. In vivo ad-
ministration of Tadenant did not appear to modulate
VIP binding to membranes of prostates with hyper-
proliferative activity, but it increased VIP efficacy
upon adenylyl cyclase stimulation (as estimated at the
maximal effective concentrations) as well as the po-
tency of the neuropeptide on enzyme stimulation (as
suggested by ED50 values). This could be a conse-
quence of different extents of coupling between com-
ponents of membrane receptor/effector systems (in
this case, VIP receptor/Gs proteins/adenylyl cyclase).

The consideration of G proteins other than Gs in-
volved in the adenylyl cyclase pathway led us to ap-
ply an accepted test, as in the observation of the in-
hibitory effect of low Gpp[NH]p concentrations on
forskolin-stimulated adenylyl cyclase activity [33]. Gi
proteins were functional in all groups studied, with
the exception of castrated/testosterone-treated rats
that did not present the inhibitory arm on the pattern
of enzyme activity. The interference of this prostatic
proliferative status with Tadenant treatment resulted
in exacerbation of the guanine nucleotide-mediated
inhibitory response. The observed changes could be

Fig. 5. Immunoblotting of G-protein ai1/2 subunits. Prostatic
membranes from control (lane a), castrated (lane b), castrated/
testosterone-replaced (lane c), castrated/testosterone-replaced/
TadenanT-treated (lanes d and e, at 1 and 10 mg TadenanT/kg
b.w., respectively), and noncastrated/TadenanT-treated (lane f, at
1 mg TadenanT/kg b.w.) rats were used. Top: Autoradiograph for
a representative experiment including reference protein size
markers. Bottom: Videodensitometry quantification; means ±
SEM of three experiments.

Fig. 6. Immunoblotting of G-protein ai3/0 subunits. Prostatic
membranes from control (lane a), castrated (lane b), castrated/
testosterone-replaced (lane c), castrated/testosterone-replaced/
TadenanT-treated (lanes d and e, at 1 and 10 mg TadenanT/kg
b.w., respectively), and noncastrated/TadenanT-treated (lane f, at
1 mg TadenanT/kg b.w.) rats were used. Top: Autoradiograph for
a representative experiment including reference protein size
markers. Bottom: Videodensitometry quantification; means ±
SEM of three experiments.
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related to differences in either Gi protein levels or de-
gree of phosphorylation of ai (and bg) G-protein sub-
units, as suggested in other studies [25,40].

Immunoblot studies showed clear protein expres-
sion differences in as and ai subunits of G proteins,
depending on the proliferating status of the prostate
gland. Tissue involution after castration was accom-
panied by increased as and ai protein levels, whereas
cell proliferation after testosterone replacement led to
important decreases of both as and ai that were aug-
mented again by Tadenant administration. Castra-
tion-induced androgen depletion results within a few
days in a cessation of secretory activity and a massive
regression of the prostate gland that reveals important
morphological and biochemical features. However, it
should be noted that several genes may be upregu-
lated, instead of downregulated, in the prostate after
castration [41,42]. This is compatible with the present
results on the expression of G-protein subunits after
castration and testosterone replacement therapy. The
observed changes might be involved in the fine-tuning
of VIP receptor/effector signal transduction in the
prostate [25], and they agree with present observa-
tions on adenylyl cyclase activity in the presence of
VIP or low GTP doses/forskolin.

The recent observations on the inhibitory role of
Tadenant on PKC-mediated pathways involved in
prostatic cell proliferation, such as those initiated by
growth factors and direct PKC activators, are interest-
ing [16]. The known cross-talk with bidirectional and
coordinated interactions between these two important
systems of signal transduction (i.e., adenylyl cyclase
and phospholipid-metabolizing/PKC pathways) [43]
allows us to evoke the possibility of multiple sites for
direct actions of Tadenant in the prostate gland dur-
ing cell proliferation in either physiological or patho-
logical conditions. Our results were seen under con-
dition of high cell proliferation and should be
cautiously interpreted in the situation of a BPH pa-
tient. We are tempted to suggest that present obser-
vations may account, at least partially, for the clinical
benefit of Tadenant treatment in human BPH. How-
ever, additional experiments are required using hu-
man prostatic tissue from both control and BPH con-
ditions. In any case, the present report supports some
similarities at the molecular level between two condi-
tions of prostatic cell antiproliferative activity (i.e.,
surgical castration and Tadenant treatment of cas-
trated/testosterone-replaced rats), offering a better
understanding of the mechanism of action of a phyto-
therapeutic extract that elicits clinical benefits in hu-
man BPH. Its modulatory role on prostatic compo-
nents of the membrane receptor/G-protein/adenylyl
cyclase system deserves further studies in order to
establish more accurately the molecular basis of the

inhibitory activity of Tadenant on prostatic cell pro-
liferation.
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