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Abstract—During the search for naturally occurring cyclic guanosine monophosphate (cGMP)-specific phosphodiesterase type 5
(PDEY) inhibitors, it was found that the extracts from Sophora flavescens exhibit potent inhibitory activity against cGMP PDES
prepared from rat diaphragm. Therefore, the inhibitory activities of five flavonoids, kushenol H (1), kushenol K (2), kurarinol (3),
sophoflavescenol (4) and kuraridine (5), isolated from S. flavescens were measured against cGMP PDES to identify potent cGMP
PDES inhibitory constituents. Among tested compounds, sophoflavescenol (4), a C-8 prenylated flavonol, showed the most potent
inhibitory activity (ICso=0.013 pM) against cGMP PDES with 31.5- and 196.2-fold selectivity over PDE3 and PDE4, respectively.
Kinetic analysis revealed that sophoflavescenol was a mixed inhibitor of PDES5 with a K; value of 0.005 uM. © 2002 Elsevier

Science Ltd. All rights reserved.

Intracellular concentrations of cyclic nucleotides are
regulated by two families of enzymes, adenylate and
guanylate cyclases, which synthesize adenosine 3',5'-cyc-
lic monophosphate (¢cAMP) and guanosine 3',5-cyclic
monophosphate (¢cGMP) from corresponding nucleo-
tide triphosphates, and cyclic nucleotide phosphodies-
terases (PDEs) which catalyze the hydrolysis and
inactivation of cAMP and/or ¢cGMP.! Therefore, the
inhibition of PDEs is expected to induce an increase of
cAMP and/or cGMP levels and to affect physiologic
functions in these tissues.

PDES5, first purified and characterized from rat,? is very
abundant in vascular smooth muscle cells and appears
to play a significant role in modulating smooth muscle
tone in general and penile corpus cavernosal smooth
muscle tone in particular.> The inhibitors of ¢cGMP
PDES such as sildenafil citrate act in sexual organs to
produce enhanced blood flow and an erectile response
of sexual organs by increasing the level of cGMP.#
Although sildenafil citrate is a selective inhibitor of
cGMP PDES5, its effects on other body organs produce
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many side effects such as nausea, headache, and
cutaneous flushing. These clinically significant adverse
effects are thought to be due to nonspecific inhibition of
other PDEs.?> An improved, second generation of PDES
inhibitors would be one with greater potency and speci-
ficity for PDES, resulting in an agent with potentially
fewer PDE-associated side effects and greater efficacy
for the treatment of erectile dysfunction. Accordingly,
several types of nitrogen-containing heterocycles such as
quinazoline,®  pyrazolo-pyrimidine,*® isoquinoline,’
phthalazine,® and naphthalene® derivatives have been
synthesized.

The search of PDE inhibitors from plants can lead to
the identification of structurally new scaffolds. In this
regard, osthole, a coumarin structure isolated from
Cnidium monnier (L.) Cusson, was reported to possess a
relaxation effect on rabbit corpus cavernosal tissues.
The effect is partly attributable to the potentiation of
the cGMP and cAMP signal mediating relaxation of
cavernosal smooth muscle by inhibiting phosphodies-
terase.! In continuation of our search program for
biologically active compounds from traditional medi-
cine, we have found that a methanol extract of the roots
of Sophora flavescens had strong inhibitory activity
against cGMP PDES5 from rat diaphragm in our
screening system (ICsq=4.77 pg/mL).
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Sophorae radix, the dried roots of S. flavescens, a well-
known Chinese traditional medicine, has been used as a
diuretic, stomachic, antipyretic, and anthelmintic.'! The
plant S. flavescens Ait (Leguminosae) grows as a per-
ennial herb and is widely distributed in Korea.'?
Recently, we reported the phytochemical constituents
and their antiviral activities against HSV-1 and HSV-
2.13 It was also reported that some flavonoids such as
kushenol A, kurarinone, and kuraridine (5) isolated
from S. flavescens inhibited cAMP phosphodiesterase.'#
However, the inhibitory activity of the extract of S. fla-
vescens against cGMP PDES was not studied to our
best knowledge. In this paper, we wish to describe the
identification of sophoflavescenol (4), a C-8 prenylated
flavonol, as a potent inhibitor of cGMP-specific PDES.

The methanol extract of the roots of S. flavescens was
suspended in water and then partitioned consecutively
with dichloromethane, ethyl acetate, and butanol.
Because ethyl acetate fraction showed the most potent
inhibitory activity against cGMP PDES (ICs5o=1.54 ng/
mL) among other fractions, selected flavonoids, kush-
enol H (1), kushenol K (2), kurarinol (3), sopho-
flavescenol (4) and kuraridine (5), obtained previously
from the ethyl acetate fraction of S. flavescens, were
further tested (Fig. 1).1°

The cGMP PDES inhibition data are summarized in
Table 1. The cGMP PDES used in the inhibition test
was purified from rat diaphragm as described by Lug-
nier et al.'® As shown in Table 1, all flavonoids showed
moderate to potent inhibitory activity against cGMP
PDES5 with a range of ICs, values of 0.013-10.6 pM.!7-18
C-8 5-hydroxy-2-isopropenyl-5-methylhexyl group sub-
stituted flavanol or flavanone (1-3) exhibited cGMP
PDES inhibitory activities at micromolar concentra-
tions. It is interesting that C-8 lavandulylated flavonoid
chalcone (5) also showed inhibitory activity at sub-
micromolar concentrations. On the other hand, sopho-
flavescenol (4), a C-8 prenylated flavonol, showed
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Figure 1. Structures of flavonoid compounds (1-5) from S. flavescens.

greatest inhibitory activity (IC59=0.013 uM). Kinetic
analysis revealed that sophoflavescenol (4) was a mixed
inhibitor (K;=0.005 pM) against cGMP PDES (Fig.
2),'° whereas sildenafil was reported as a competitive
inhibitor.?°

PDEs have been classified into at least seven isozyme
types. Of these, PDE3 and PDE4 selectively hydrolyze
cAMP .3 If PDE3 and/or PDE4 activities are inhibited,
the level of cCAMP is increased to cause various side
effects including enhanced myocardial contraction and
heart rate and depression of systemic blood pressure.?!
Therefore, inhibitory effects of flavonoid compounds
(1-5) from the ethyl acetate fraction of S. flavescens on
PDE3 and PDE4 were also evaluated to assess isozyme
selectivity (Table 1). Among tested compounds, sopho-
flavescenol (4) showed greatest selectivity toward PDES,
31.5- and 196.2-fold over PDE3 and PDE4, respectively
(Fig. 3). However, other flavonoids showed poor selec-
tivity toward PDE3 and PDE4.

Table 1. 1Cs, values for flavonoids (1-5) on rat PDE3, PDE4, and
PDES activities

Compd 1Cso (UM) 1Cs ratio
PDE5S PDE3 PDE4 PDE3/PDE5S PDE4/PDES5
1 4.75 1349  18.71 2.8 3.9
2 10.6 12.77  33.84 1.2 3.2
3 6.1 2.95 6.59 0.5 1.1
4 0.013 0.41 2.55 31.5 196.2
5 0.64 1.25 8.27 2.0 12.9
Sildenafil 0.003 — —
Milrinone 0.74
Rolipram — — 1.12

PDE3 and PDES5 were isolated from rat diaphragm. PDE4 was iso-
lated from rat liver. ICsy values were determined from sigmoidal
curves, fitted to plots of enzyme activity versus log compound con-
centration using a curve fitting program. The activities were assayed
with 0.15 pM [*H]-cGMP as substrate.
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Figure 2. Effects of kushenol H (A), kushenol K (O), kurarinol ([J),
sophoflavescenol () and kuraridine (A) on PDES5 activity isolated
from rat diaphragm. Data shown are mean of two separate determi-
nations and the uninhibited rate of PDES activity was 0.072+0.015
pmol product formed/min/mg protein.
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Figure 3. Lineweaver—Burk plot for sophoflavescenol (4) induced inhibition of PDES activity. PDES from rat diaphragm was incubated with var-
ious concentrations of cGMP in the presence of increasing amounts of sophoflavescenol (4).

In conclusion, the present data demonstrate that
sophoflavescenol (4), a new prenylated flavonol
obtained from S. flavescens, has a potent and selective
inhibitory activity against rat diaphragm PDES.
Sophoflavescenol is not structurally related to the other
c¢GMP PDES5 inhibitors that have been synthesized
through the modification of sildenafil structure. There-
fore, this compound can be considered as a lead struc-
ture for the future synthesis of selective and potent
¢GMP PDES5 inhibitors with probably more desirable
pharmacological profiles.
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