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Abstract

Extracts from the plant Pygeum africanum are widely used in the therapy of benign prostate
hyperplasia (BPH) and in combinational therapy for prostate cancer, the second leading
cause of cancer death and the mostly diagnosed form of cancer in men. The androgen
receptor (AR) plays a crucial role in the development of the prostate as well as in prostate
diseases. Even though the extracts from Pygeum africanum are considered as beneficial for
prostate diseases in clinical trials, and some active compounds for treatment of BPH could
be identified, compounds responsible for AR inhibition and the molecular mechanism for
inhibition of prostatitis need to be identified. Recently, atraric acid and N-butylbenzene-
sulfonamide were isolated from a selective dichlormethane extract of Pygeum africanum as
two novel AR antagonistic compounds. The molecular mechanisms of AR inhibition were
analyzed and are summarized here. Both compounds are the first known natural, complete

and specific AR antagonist.
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1. Introduction

Prostate cancer (PCa) is one of the major health problems in elderly men and one of the
most often diagnosed malignancies. In western countries it even emerged as the second
leading cause of cancer death for men (Edwards et al., 2010). As a non-malignant form of
prostate diseases benign prostate hyperplasia (BPH) is also a very common disease
affecting aging males with sometimes severe influence for quality of life (Shah et al., 2004).
BPH is associated with bothersome lower urinary tract symptoms by interfering with normal
daily activities and sleep patterns (Skolarikos et al., 2004). Both prostatic diseases, BPH and
PCa, are characterized by the progressive enlargement of the prostate.

The androgen receptor (AR) plays an important role in the development of the prostate and
in the development and progression of prostatic diseases like BPH and PCa. The AR is a
nuclear hormone receptor that can be activated by androgens like testosterone and
dihydrotestosterone (DHT) (Tenbaum et al.,, 1997). The AR consists of an amino-terminal

domain harbouring a potent transactivation function, followed by a DNA-binding domain and
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a carboxy-terminal ligand binding domain. After androgen binding a conformational change of
the AR is induced, followed by the translocation into the nucleus and the binding to androgen
response elements of AR target genes. Hence, the AR acts as a transcription factor to
transactivate or to inhibit gene expression. The transcriptional properties of the AR are partly
dependent on binding of co-regulators (co-activators and co-repressors) (Brinkmann et
al.,1999; Burke and Baniahmad, 2000; Rosenfeld et al. 2001; Feldman et al., 2001;
Papaioannou et al., 2005; Baniahmad, 2005).

In general, co-repressors (CoR) have been identified as cofactors required for targeting gene
repression by those transcription factors having a silencing function (Burke and Baniahmad,
2000). Although, many CoR for the AR have been identified (Wang et al., 2005), a silencing
domain for AR has not yet been described. CoR including those that bind to the silencing
domain of the thyroid hormone receptor such as SMRT (silencing mediator for RAR and TR),
NCoR (nuclear receptor co-repressor) and Alien interact with the AR. In these studies the N-
terminus of the AR was determined as the interacting region, the region of the receptor that
also interacts with co-activators (Dotzlaw et al., 2002; 2003; Hodgson et al., 2005).

As the AR is the main effector of PCa cell proliferation and progression (Brinkman et al.,
2000; Ntais et al., 2003) the inhibition of the AR plays an important goal in PCa therapy. A
common treatment of PCa is the combination of hormone-ablation and treatment with AR
antagonists (antihormones). Interestingly, CoR inhibit AR-mediated transactivation in the
presence of specific currently therapeutically used androgen agonists (Dotzlaw et al., 2002).
One can differentiate between pure antagonists and mixed agonists/antagonists also termed
partial antagonists (Migliari et al., 1999). The pure AR-antagonists such as casodex or
hydroxyflutamide (OH-FI) are non-steroidal compounds that allow the recruitment of CoR to
the AR and inhibit its activity as well as the PCa proliferation (Dotzlaw et al., 2002; Song et
al., 2004; Papaioannou et al., 2005; Baniahmad et al., 2005; Powell et al., 2006). Also the
cellular distribution of the AR seems to be changed by these ligands (Tyagi et al., 2000; Farla

et al., 2005; Marcelli et al., 2006; Nakauchi et al.,, 2007). The partial AR antagonist
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cyproterone acetate (CPA), which is a steroidal compound, represses the AR-mediated
transactivation but exhibits also partial agonistic activity by partially activating the AR-
mediated transactivation. The level of CPA-mediated repression of AR is strictly dependent
on the presence of CoR (Dotzlaw et al., 2002; 2003), indicating that antihormone therapy of
PCa is successful in the presence of functional CoR.

Interestingly, pure and partial antagonists show a different recruitment pattern of CoR on
androgen response elements (ARE). In the presence of casodex the AR CoR SMRT is
recruited to the prostate specific antigen (PSA) promoter but not to the mouse mammary
tumor virus promoter (MMTYV), containing several AREs, whereas in the presence of CPA
SMRT is recruited to the MMTV promoter (Dotzlaw et al., 2002; Shang et al., 2002; Kang et
al., 2004). Also differences of recruitment among CoR can be observed on various AREs
(Papaioannou et al., 2005 and unpublished data). These results indicate that the CoR
recruitment is on one hand dependent on the ARE of the target gene, suggesting a structural
influence of the DNA and on the other hand on the type of ligand. A possible explanation is
that a specific AR structure is imposed by both the type of ligand and the DNA sequence of a
particular ARE that dictates binding specificity of CoR to the AR (Papaioannou et al., 2005).
A further complexity emerges by observations that the interaction of CoR with the AR in the
presence of partial antagonists can also be regulated through competition with co-activators.
Using CPA a co-activator/CoR competition was observed and interestingly an increasing
expression of either CoR or co-activator shifts the AR towards a more repressed or activated
state, respectively (Papaioannou et al., 2005).

Thus, at present in PCa therapy only non-steroidal compounds are generally known as pure
AR antagonists and CPA represents a steroidal compound that exhibits mixed
agonist/antagonist activity. One major molecular mechanism seems to be that these
compounds require CoR-mediated repression of AR target genes.

However, antihormone treatment is effective only for a limited period of about 16-24 months

after which PCa becomes androgen-independent (Feldman et al., 2001; Eisold et al., 2009).
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Different mechanisms seem to be involved in this process e.g. a shifted co-activator-CoR
ratio (Balk, 2002). (I) CoR may have lost the ability to repress the AR, possibly due to CoR
modification e.g. phosphorylation by activation of mitotic signaling pathways (Baniahmad et
al., 2005), (Il) an overexpression of the AR that leads to titration of CoR (Chen et al., 2004),
or (Ill) mutation of the AR (Denmeade et al., 2001) that might induce an AR conformation
leading to AR-mediated transactivation. Unfortunately, some of the occurring AR mutations
during PCa progression render therapeutically used antiandrogens into AR agonists (Farla et
al., 2005). In consequence those therapeutics then become useless even disadvantageous
because they can promote PCa progression.

Radical prostatectomy or local irradiations are other option for PCa therapy if the carcinoma
is limited to the prostatic tissue (Cato et al., 2002). Nevertheless the surgery of the prostate
often leads to side effects like incontinence, impotence and marks psychological problems for
most men. Additionally men developing PCa are in most cases seniors for which a surgery
and the anesthesia is buried with threat.

PCa as well as BPH are also treated with inhibitors (e.g. finasteride) of the 5a-reductase, the
enzyme that converts testosterone into its more active metabolite DHT (Levin and Das,
2000). A decrease of the total level of androgens and a shrinkage of the prostate are the
consequence (Levin and Das 2000). Finasteride only targets one of the two isoforms of the
5a-reductase and therefore is not sufficient to block androgens levels, especially in advanced
PCa (Vis and Schrdder, 2009).

The luteinizing hormone releasing hormone (LHRH) is manly responsible for the synthesis of
testosterone. Therefore LHRH analoga decrease the amount of LHRH receptors and in
consequence lead to a down-regulation of the androgen-production (Corbin 1982). However,
also the adrenal gland produces a remarkable amount of androgen that also acts in the
prostate. In this case LHRH-analoga fail their function. Thus, LHRH-analoga are mostly
combined with antiandrogens for the treatment of PCa to reach a complete blockage of

hormone activity (Fuhrman et al., 1998; Labrie et al., 1989)
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Besides treatment of PCa and prostatic diseases with the above described therapies the
treatment with plant extracts is a common therapy (Dreikorn, 2002; Schleich et al., 2006b).
Phytotherapeutic agents represent nearly half of the medications dispensed for BPH in ltaly,
compared to 5% for alpha blockers and 5% for 5a-reductase inhibitors and in Germany and
Austria phytotherapy is the first-line treatment for mild to moderate urinary obstructive
symptoms and represent 29% of all drugs described for the treatment of BPH (Wilt and
Ishani, 2002). Even though those plant extracts are considered as beneficial for BPH and
PCa only few of the active compounds have been characterised and none were shown to

bind directly to the AR.

2. Pygeum africanum

The evergreen tree Pygeum africanum is distributed across the entire African continent in
mountain regions. It is also known as Prunus africana or Prunus africanus, a member of the
Rosaceae family. Its bark is traditionally used to treat chest pain, malaria and fevers
(Bombardelli et al., 1997). European travellers became interested in this tree when they
learned in the 1700s from South African tribes how to treat bladder discomfort and the “old
man’s disease” with the bark (Simons et al., 1998). As this plant seemed to have many
effects on different diseases some of its active components had been isolated and
investigated. The active compounds include phytosterols (e.g. beta-sitosterol) that have anti-
inflammatory effects by inhibiting the production of pro-inflammatory prostaglandins and
pentacyclic triterpenes (e.g. ursolic and oleanic acids) that have anti-endema properties
(Murray, 1995; Simons et al., 1998). In addition ferucil acid n-esters (e.g. n-docosanol and
tetraconsanol) have been isolated from extracts that reduce prolactin levels and block the
accumulation of cholesterol in the prostate (Murray 1995; Simons et al., 1998). Prolactin as
well as cholesterol is involved in the AR-activating pathway, whereas prolactin increases the
testosterone uptake in the prostate and cholesterol increases binding sites for DHT (Murray,

1995; Simons et al., 1998).
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Since the late 1960°s bark extracts of Pygeum africanum are used in Europe to treat BPH
(Isaacs, 1990). In France Pygeum africanum is the most commonly used medicine for BPH
(Ishani et al., 2000; Levin and Das, 2000). Herby, the pulverized bark is incorporated into
capsules and commercially available as the remedy Tadenan® and in other European
countries under various different trade names (Ishani et al., 2000). In the USA
phytotherapeutic agents like extracts of Pygeum africanum have been marketed for prostate
health including PCa prevention and treatment (Shenouda et al., 2007).

Several studies have confirmed the positive effect of the extracts of Pygeum africaum on
prostatic diseases (Breza et al, 1998; Cristoni et al., 2000; Katz, 2002; Gerber, 2002; Wilt et
al., 2002; Buck 2004; Dedhia et al., 2008). Tadenan® inhibited the proliferation of fibroblasts
from human hyperplastic prostate and bladder (Edgar et al., 2007). Also, Tadenan® has been
shown to be a potent inhibitor of rat prostatic fibroblast proliferation in response to direct
activators of protein kinase C. Moreover, the extract of Pygeum africaum is an inhibitor of a
variety of growth factors including basic fibroblast growth factor, epidermal growth factor and
insulin like growth factor (Yablonsky et al., 1997) and of G-protein coupled receptors (Solano
et al., 2000). Other studies with male rats revealed that a co-treatment or a post-treatment of
Tadenan®together with DHT suppressed the effects of DHT on micturition (Choo et al., 2000;
Yoshimura et al., 2003). The co-treatment in addition decreased the prostatic weight
(Yoshimura et al., 2003). In animal models extract of Pygeum africanum revealed to
modulate bladder contractility by reducing the sensitivity of the bladder to electrical
stimulation, phenylephrine, adenosine triphosphate and carbacol (Andro et al., 1995).
Recently, the ethanolic extracts of Pygeum africanum were shown to inhibit human PCa cell
growth, induce apoptosis and alter cell kinetics (Shenouda et al., 2007). TRAMP mice, a
mouse model to investigate PCa, exhibited a reduction of PCa incidence compared to the
control group after feeding with Pygeum africanum extract (Shenouda et al., 2007).

In a single phase Il study with patients having prostate hypertrophy a regression of the

prostate size after Tadenan® administration was observed (Mathé et al., 1995). In clinical
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trials the application of Tadenan® has been shown to improve the symptoms of BPH and is
well tolerated (Andro et al., 1995; Yablonsky et al., 1997; Chatelain et al., 1999). These
results were confirmed by a multicentral trial in Europe, in which also nocturia was tested
with the result that 32% of the male patients exhibited less symptoms (Breza et al., 1998).
Even though all these effects of Pygeum africanum have been proven in vitro, in animal
models and in clinical trials, the possibility for active antiandrogenic compounds to inhibit the
AR remained elusive. Therefore, we investigated diverse extracts (n-hexane, dichlormethane,
methanol, methanol-water and water) from the stem bark of Pygeum africanum for their
antiandrogenic potential using first reporter gene assays (Schleich et al., 2006b). The
selective dichlormethane or ethanolic extract from Pygeum africanum bark material elicited
the highest bioactivity. Hence, a bioassay-guided fractionation was performed resulting in the
isolation of two novel antiandrogenic compounds with a novel chemical structure from
Pygeum africanum: atraric acid (AA) and N-butylbenzenesulfonamide (NBBS) (Schleich et

al., 2006a; 2006b).

3. The natural compounds AA and NBBS

The benzolic methylester AA is compared to steroids a very small molecule (Fig. 1). AA
occurs in lichens and has been isolated from higher plants like Newbouldia laevis (Gormann
et al., 2003), Alseodaphne andersonii (Lee et al., 2001), Acer nikense (Nagumo et al., 1996)
and Frullania brasiliensis (Bardon et al., 2002). Previously it was found as a degradation
product of various natural depsides. Even though AA is present in the extract of the bark from
Pygeum africanum it is unknown whether it is a secondary metabolite of the plant
biosynthesis itself or if it is produced by lichens colonizing the tree and producing polyketides
through the acetate-polymalonate pathway. It is known that atranorin, a depside of
hematommic acid, and AA are biosynthesized through the polyketide pathway by various

lichens (Burgeois et al., 1999).
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NBBS was shown to be produced by the bacteria Pseudomonas sp. AB2 in greenhouse soil
(Kim et al., 2000) and is like AA compared to steroids a small molecule (Fig. 1). Commonly
NBBS is used as a plasticizer in the polyamide and co-polyamide production. It is also
applied in the synthesis of sulfonyl carbamate herbicides. Because of its stability and
persistance in the environment relatively high concentration have been found in wastewater
and snow (concentrations up to 100 pg/L) (Huppert et el. 1998, Poliakova et al., 2000).
These findings reveal the possibility for NBBS to accumulate in organisms, but since we
could isolate NBBS from several independent bark extracts and in Tadenan® it is likely that
NBBS is present naturally in Pygeum africanum bark or could be produced by organisms
living on the bark of the Pygeum africanum tree. Thus, even though NBBS can also be
synthesized chemically it originates in nature.

Nevertheless, both compounds AA and NBBS are present in all investigated extracts of
Pygeum africanum and therefore are more likely to be natural products.

According to WHO the P. africanum extracts are well tolerated in humans. Pre-studies with
mice treated several times a week with AA did not indicate any side effects, assuming a good
tolerance of AA (data not published). Concerning NBBS Even though it was found to be
neurotoxic for rabbits (Strong et al., 1991) experiments with rats showed only slight effects at
very high doses that were just of short duration (Kumar et al., 2007). In vitro studies revealed
neuronal cells to be more sensitive in growth to NBBS treatment than glioma cells (Nerurkar
et al., 1993) indicating different responses of cell types to NBBS.

In reporter gene assays a concentration of 10 yM AA exhibited a repression of androgen AR-
mediated transactivation by about 90% (Schleich et al., 2006a). AA exhibits still 50% of
inhibition at a concentration of 1 yM and failed to repress the AR-mediated transactvation at
0.1 uM (Schleich et al., 2006a). We synthesized ethyl, n-propyl and n-butyl derivatives of AA
and found an even higher antiandrogenic activity of the ethyl and the n-propyl derivative,
arguing that the length of the ester chain plays a crucial role in AR antagonism (Schleich et

al., 2006a).
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Compared to AA, NBBS showed less efficacy on the androgen activated AR-mediated
transactivation as 90% repression were obtained only with higher concentrations (100 yM), a
concentration of 10 yM exhibited 50% repression and the antiandrogenic effect was lost at a
dosage of 1uM of NBBS (Papaioannou et al., 2009b). A battery of NBBS derivatives was
chemically synthesized to modify the butyl side chain and the benzene ring by substitutions
with the aim of achieving more potent antiandrogens (Papaioannou et al., 2009b).
Derivatives with a shortened butyl side chain or a substituted benzene ring at the para-
position caused a loss of the antiandrogenic potential. This strongly suggests the importance
of the length of the side chain and an unsubstituted benzene ring at the para-position as
antiandrogenic compound (Papaioannou et al., 2009b). Replacing the butyl side chain with a
pentyl or a geranyl group in turn enhanced the antiandrogenic activity compared to NBBS,
indicating that a hydrophobic side chain is important for AR antagonism but further extension
weakened the effect (Papaioannou et al., 2009b). Notably, also substituents at the meta-
position of the benzene ring enhanced the antiandrogenic activity.

In summary more potent derivatives of either AA or NBBS were synthesized. The
antiandrogenic activity was mainly depending on the length of the alkyl side chain and in
case of NBBS the position of the benzene substituents, revealing a crucial role of small
changes in the structure of the natural compounds.

A marker for PCa is the serum level of the prostate specific antigen (PSA), an AR target
gene. The endogenous PSA expression in the androgen-dependent human PCa cell line
LNCaP harbouring an AR mutant, was significantly repressed by AA and NBBS
(Papaioannou et al., 2009a; 2009b). Similar results were observed, performing real-time PCR
with the androgen-independent growing PCa cell line C4-2, also containing the AR-T877A
mutant.

To allow a specific targeted inhibition a very important characteristic of antiandrogens should
be the AR specificity. The effect of both AA and NBBS was analyzed for the transcriptional

properties of close related nuclear hormone receptors such as the progesterone receptor
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(PR), the glucocorticoid receptor (GR), the estrogen receptor a (ER) and ERpB as well as the
thyroid hormone receptor B (TRB). In case of PR both isoforms were tested, the PR-B form
with a more potent transactivation function and the PR-A form, which is generated by an
internal translation start site. For ER both the ERa and the ERB were investigated. Neither
AA nor NBBS had any measurable effect on the ligand-induced transactivation of GR, PR-A,
TRB, or one of the ER receptors in the concentrations used for 90% of AR inhibition
(Papaioannou et al., 2009a; 2009b). NBBS as well as AA showed an inhibitory effect at high
concentrations for the PR-B form and AA additionally had estrogenic potential at high
concentration of 100 yM (Papaioannou et al., 2009a; 2009b). This slight repression and
activation of other nuclear hormone receptors only at high employed concentrations suggest
that AA and NBBS are AR specific antiandrogens.

Eventually PCa becomes therapy resistant after a certain time of treatment with hormone
ablation therapy. This therapy resistance may be due to several reasons one of which is due
to AR mutations like the often occurring AR point mutation T877A in castration resistant PCa
(Culig et al., 1999). This point mutation in the ligand binding domain (LBD) of the AR renders
the antiandrogenic metabolite OH-FI of the recently used antihormone flutamide into an AR
agonist. Notably, AA and NBBS exhibit repression of the AR-T877A mutant and therefore
seem to have another molecular mechanism to mediate inhibition of AR compared to OH-FI
(Papaioannou et al., 2009a; 2009b).

One of the major goals in PCa therapy is the growth inhibition of the cancer cells. AA and
NBBS decreased the cell proliferation of several human prostate cancer cell lines either
growing androgen dependently and containing the wild type AR or the AR-T877A mutant or
growing androgen independently and containing the AR-T877A mutant (C4-2). In contrast,
growth of PC3 cells lacking expression of the AR or non PCa cells also lacking AR
expression were not effected by AA and NBBS, suggesting an AR-dependent growth
inhibitory mechanism imposed by AA and NBBS (Papaioannou et al., 2009a; 2009b). Also,

neither toxicity nor apoptosis could be observed during the treatment.
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The synthetic AR agonist R1881 promotes beside PCa cell proliferation also the invasion
through the extracellular matrix, in consequence invasion of cells, an important step for PCa
metastasis (Chuan et al., 2006). In line with this AA inhibited the androgen-induced invasion
of human LNCaP cells (Papaioannou et al., 2009a) while AA alone had no influence on the
cell invasion. Thus, AA inhibits the agonist-induced invasion of LNCaP cells through the

extracellular matrix and therefore could be a potential inhibitor also for PCa metastasis.

4. Insights in the molecular mechanism of AA and NBBS

To identify the important AR sites for the inhibitory mechanism of AA and NBBS on AR-
mediated transactivation several AR deletion mutants were analyzed. The results suggest
that the AR-LBD is targeted by AA and NBBS, indicating binding of the compounds to the
AR-LBD that may lead to competition with androgen binding (Papaioannou et al., 2009a;
2009b). This hypothesis was verified by whole cell competition binding analysis with AR
agonists confirming the release of androgens by either AA and NBBS indicating that both
compounds act as competitive inhibitors (Papaioannou et al., 2009a; 2009b).

One possible mechanism to inhibit AR could be to reduce its protein level such as by
enhanced protein degradation. However, treatment of PCa cells with AA or NBBS did not
reveal a decrease of the AR protein suggesting that AA and NBBS do not induce AR
degradation and suggesting that AA and NBBS use other mechanisms to inhibit the AR.
Another hypothesis was that AA or NBBS might induce CoR binding to AR. However, testing
the interaction of three CoR such as SMRT, NCoR and Alien did not indicate a binding of
these CoR to either AA or NBBS bound AR.

A further possibility for NBBS and AA to inhibit AR-mediated transactivation would be the
inhibition of the translocation of AR into the nucleus. Using GFP-AR as expected the staining
was cytoplasmatic without androgens whereas the majority of staining was observed in the
nucleus with androgen treatment of cells. Interestingly, the androgen-induced translocation of

AR was inhibited by a co-treatment with AA or NBBS. These results were confirmed by cell
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fractionation experiments. Thus, the data suggest that both compounds inhibit the androgen
induced AR translocation into the nucleus (Papaioannou et al., 2009a; 2009b). In contrast to
casodex also recently published diarylthiohydantions with antiandrogenic activity such as AA
and NBBS do not themselves translocate the AR into the nucleus (Tran et al., 2009).
However, it was not investigated whether this diarylthiohydantions also inhibit the nuclear
translocation of the AR in the presence of androgens.

Taken together, two compounds from the bark of Pygeum africanum were isolated that
exhibit a novel molecular mechanism to repress the AR-mediated transactivation by inhibiting

its nuclear translocation.

5. Discussion

With AA and NBBS, to our knowledge the first natural AR antagonists were isolated and
identified from Pygeum africanum, from which plant extracts are used for a long time in the
treatment of prostatic diseases.

DHT as well as the synthetic androgen R1881 are very hydrophobic molecules and are
thought to not require an active process to pass the cell membrane (Fedoruk et al., 2004).
AA and NBBS are more hydrophilic and therefore the mode of cellular uptake may not be
comparable, as the lipophilic cell membrane is a barrier for those molecules. Hence, the used
concentrations for cell treatment do not necessarily reflect the intracellular concentrations of
both compounds, so the concentrations may be lower than those added in the experiments.
In addition it was shown for other natural compounds that they require a similar concentration
range of action (Zi et al., 1999; 2000; Xing et al., 2001; Kiviharju et al., 2002; Rosenberg
Zand et al., 2002; Thelen et al., 2004). It is also possible that AA and NBBS may act together
with other compounds and therefore potentiating the overall effect on prostatic diseases. For
instance extracts form Pygeum africanum were shown to inhibit membrane receptors that are

involved in AR signaling and thus suppress AR activity (Yablonski et al., 1997; Szolnoki et
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al., 2001; Santa Maria Margalef et al., 2003; Boulbés et al., 2006; Edgar et al., 2007; Li et al.,
2007; Quiles et al., 2010) (Fig. 2).

The molecular mechanisms of currently clinically used antiandrogens for PCa treatment is
based on the recruitment of co-repressors or through changing chromatin accessibility
(Dotzlaw et al., 2002; Shang et al., 2002; Kang et al., 2004; Hodgson et al., 2005; Hong et
al., 2005; Metzger et al., 2005). These antiandrogens permit AR translocation into the
nucleus as well as the recruitment of the AR with CoR to its target genes (Jenster et al.,
1993; Masiello et al., 2002; Zhu et al., 2006). One basis of resistance of PCa to the hormone
therapy may be due to malfunctioning of AR inhibition by these CoR. Therefore, the different
CoR-independent molecular mechanism of AA and NBBS to inhibit the AR nuclear
translocation may be a useful tool for hormone treatment of those refractory PCa (Fig. 3).
Comparing the IC5o of AA (3 uM) and NBBS (10 pyM) with that of casodex (1 yM) (Hadratta et
al., 2005) both compounds exhibit only slightly weaker efficiencies. In comparison with the
clinically used antiandrogen flutamide (ICso of 116 pM) (Hadratta et al., 2005) AA and NBBS
are even more potent. Thus, assuming that this natural compounds could be quite potent
PCa inhibitors in vivo.

Furthermore, we synthesized more potent AA and NBBS derivatives with the same
underlying molecular mechanism for the analyzed NBBS derivatives. The enhanced
antiandrogenic potential of this derivatives may be due to their higher lipophilicity compared
to AA and NBBS respectively, but structural modifications seem also to play a role as also
more lipophilic derivatives of AA and NBBS were synthesized that showed less or even no
anitandrogenic potential (Papaioannou et al., 2009b and data not published). Additional
substitutions at the benzolic ring of NBBS also resulted in some cases in an increased
inhibition of AR-mediated transactivation (Papaioannou et al., 2009b). Thus, NBBS and AA
may serve as novel chemical platform molecules to inhibit the AR transactivation and PCa

growth and may serve as lead structures for new AR antagonists.
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Figure Legends

Fig 1. Molecular structure of the natural antiandrogenic compounds atraric acid (AA), N-
butylbenzene-sulfonamide (NBBS) and exemplary derivatives thereof compared to the
androgen dihydrotestosterone (DHT).

AA is benzolic methylester with two additional methyl groups on C-atoms at positions 3 and
6. As subtituents on position 2 and 4 the benzol ring carries hydroxyl groups. The n-propyl
derivative is elongated at the alkyl side chain. The scaffold of NBBS is also a benzol ring,
whereas the substituent is a sulfone amide group followed by a butyl chain. The indicated
NBBS derivative carries an additional tri-fluride group at the meta position of the benzol ring
and the amide an additional hydrogen. All four molecules are smaller compared to steroids
such as the androgen DHT. Further derivatives of AA and NBBS have other changed side

chains or substituents (see text for details).

Fig 2. Inhibition pathways of the AR by extract of Pygeum africanum.

Compounds of Pygeum africanum extract inhibit the activity of several membrane receptors
and through down stream signaling might also repress the AR. Further, the compounds of
Pygeum africanum AA and NBBS inhibit the nuclear translocation, leading to AR

suppression.

Fig 3. Molecular mechanisms of AR-inhibition by antagonists.

A) Currently used AR antagonists (e.g. casodex) bind to the AR, induce a conformational
change that leads to the dissociation of the AR bound heat shock proteins (Hsp), then to the
translocation into the nucleus and homodimerisation. In the nucleus the antagonist-bound
AR, recruits corepressors and hereby its transcriptional activity is repressed.

B) AA as well as NBBS bind to the AR and inhibit the nuclear translocation and in

consequence its function as an androgen-activated transcription factor.

25
Page 25 of 28



Figure OH

R O\CH3 O\\S/N/\/\
HO CH, 0”
H,C
o OH
g
Dihydrotestosterone Atraric Acid N-butylbenzene-sulfonamide
(DHT) (AA) (NBBS)
O O O
N N"\ch, \\S/N/\/\
HO CH, 0? ||4

CF;

OH

n-propyl 2,4-dihydroxy- n-butyl 3-trifluoromethyl-
3,6-dimethylbenzoate benzene-sulfonamide
(AA derivative) (NBBS derivative)

Fig. 1



Cytoplasm

e
e— Y
r '

< Pygeum
= extract ./
-

Nucleus
Membrane-
receptors /

Mitogenic
signaling

Fig. 2



A B

Currently used
AR antagonists

Cytoplasm Cytoplasm

Hsp

Gene —

Fig. 3



