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ABSTRACT

Inhibition of vasocontraction accounts for side effects in treating voiding symptoms in benign prostatic hyperplasia (BPH). We
examined the vasoactivity of compounds previously showing inhibition of prostate smooth muscle contraction. Contractions
of porcine renal interlobar and coronary arteries were induced by agonists or electric field stimulation (EFS). Examined com-
pounds included inhibitors for Rac GTPases (EHT1864, NSC23766), cytohesin GEFs (SecinH3), LIMK (SR7826, LIMKi3),
BARKs (CMPD101), PAK (FRAX486), and ILK (Cpd22). Agonist- and EFS-induced contractions in renal and coronary arteries
were completely inhibited by 100 uM EHT1864, and nearly completely at 10 M. In renal arteries, 100 uM NSC23766 right-shifted
concentration response curves (increased EC,) for a,-adrenergic agonists, halved U46619-induced and fully inhibited EFS-
induced contractions. Right shifts (increased EC, ) for phenylephrine still occurred at 10 and 1 M. In coronary arteries, 100 uM
NSC23766 produced right shifts (increased EC,,) for cholinergic agonists. SecinH3 (30 tM) reduced cholinergic contractions
in coronary but not renal arteries. In renal arteries, SR7826, but not LIMKi3 (both 1uM), partly inhibited (<50%) agonist-
and EFS-induced contractions. CMPD101 (50 M) inhibited (>50%) o,-adrenergic and U46619-induced contractions, but no
endothelin-1- or EFS-induced contractions. Neither FRAX486 (30 uM), nor Cpd22 (3uM) affected contractions. Vasorelaxation
by EHT1864 and NSC23766 may exclude application in BPH but may allow simultaneous treatment of cardiovascular disease and
BPH. NSC23766 shows previously unrecognized a,-adrenoceptor antagonism. Findings with SecinH3 suggest an organ-selective
involvement of cytohesin-2/Arf6 signaling in smooth muscle contractions. SR7826 may cause cardiovascular effects, while side-
effect risks limit kinase inhibitors in non-malignant disease.

1 | Introduction phosphodiesterase-5 inhibitor tadalafil, which are both be-

lieved to improve symptoms by prostate smooth muscle re-

Smooth muscle contraction is the target for medical treat-
ment of voiding symptoms in benign prostatic hyperplasia
(BPH) [1, 2], and of antihypertensive drugs. Voiding symp-
toms in BPH may be caused by increased prostate smooth
muscle tone [1, 2]. Available drugs include o,-adrenoceptor
antagonists (“o;-blockers”) as the first-line option, and the

laxation [3]. However, average improvements are limited to
50% and one third of treated patients are non-responders [1],
calling for newer drugs. The tolerability and patients’ adher-
ence to o -blockers are limited by cardiovascular side effects,
whereas the application of tadalafil is restricted by cardiovas-
cular contraindications [3, 4]. Based on the physiological and
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pharmacological similarities of vascular and prostate smooth
muscle contractions, vasoactive effects would play a role in
the development of new drug candidates.

Voiding symptoms and hypertension are common comorbid-
ities in elderly patients. Combinations of o,-blockers with an-
tihypertensives are the most prescribed drug cluster in men
aged >70years [5], although o, -blocker-induced hypotension
is most prevalent with cardiovascular comorbidities and in co-
medication with cardiovascular drugs [4, 5]. Accordingly, mul-
tidrug regimens inherently carry the risk of additive side effects
[6, 7]. On the other hand, new single compounds with simul-
taneous effects on voiding symptoms and vasocontraction may
theoretically help to reduce polypharmacy, again highlighting
the need to understand the shared and distinct impact on vascu-
lar and prostate smooth muscle contractions.

Drug-resistant voiding symptoms have been attributed to non-
adrenergic prostate smooth muscle contractions, which are in-
sensitive to a,-blockers [1, 8, 9]. Recently, several compounds
have been identified that inhibit endothelin- and thromboxane-
induced as well as adrenergic contractions in human pros-
tate tissue. Compounds with this effect profile included small
molecule inhibitors for Rac GTPases [10, 11], cytohesin family
guanosine exchange factors (GEF) [12], LIM kinases (LIMK)
[13], beta-adrenergic receptor kinases (BARKSs, syn. G protein-
coupled receptor kinases 2 and 3, GRK2, -3) [14], p21-activated
kinases (PAK) [11, 15], and integrin-linked kinase (ILK) [16].
For a first assessment of their potential vasoactivity, we here
examined the effects of EHT1864 and NSC23766 (RacGTPase
inhibitors), secin H3 (cytohesin inhibitor), SR7826 and LIMKi3
(LIMK inhibitors), CMPD101 (GRK2/3 inhibitor), FRAX486
(PAK inhibitor), and Cpd22 (ILK inhibitor) on contractions of
porcine renal interlobar arteries and partly in coronary arteries.

2 | Methods

2.1 | Porcine Renal Interlobar and Coronary
Arteries

Porcine kidneys and hearts were obtained from a local slaugh-
terhouse, where pigs were sacrificed for meat production at
night. Organs were collected by a butcher the same night, stored
at 4°C and transported from the butcher's shop (Metzgerei
Brehm, Planegg, Germany) to the nearby laboratory in the early
morning. Segments of renal interlobar or coronary arteries were
prepared from organs immediately after arrival in the labora-
tory. Connective and adipose tissue surrounding the vessels was
removed, and segments were cut into rings (3-4mm in length),
which were stored in Custodiol solution (Kohler, Bensheim,
Germany) at 4°C until use in experiments. Experiments were
started within 3h following vessel preparation.

2.2 | Organ Bath Experiments

Vessel rings with a length of 3-4mm were mounted in myo-
graph systems, with four chambers each (model 720 M; Danish
Myo Technology, Aarhus, Denmark). Each chamber contained
10mL Krebs-Henseleit solution (37°C, pH7.4), which was

continuously aerated with carbogen (95% O, and 5% CO,) during
the experiment. The rings were placed to surround the two op-
posing needles in the interior of the chambers, and a passive
pretension of 10 mN was applied to segments of renal arteries,
and 20 mN to segments of coronary arteries. Since pretension
typically declines shortly after mounting, it was readjusted
during the following 45min to reach a stable baseline tension.
For later reference of agonist- and electric field stimulation
(EFS)-induced contractions to high molar potassium-induced
contractions, rings were subsequently contracted by addition
of a 2 M KCl solution to the chambers, resulting in a final po-
tassium concentration of 80 mM. As soon as a plateau or maxi-
mum contraction was reached, the solution in the chambers was
washed three times with fresh Krebs-Henseleit solution within
30min. After a new, stable baseline was obtained, inhibitors or
solvent (control groups) were added. Cumulative concentration
response curves for agonists or frequency response curves for
EFS were constructed after a further 30 min.

The initial study plan included experiments in renal arteries
using the highest concentrations of test compounds (i.e., 100 uM
EHT1864 and NSC23766, 30uM SecinH3 and FRAX486, 1uM
SR7826 and LIMKi3, 50uM CMPD101, and 3uM Cpd22). After
completion of these initial experiments and following data anal-
yses, additional experiments were carried out addressing the
effects of lower concentrations of EHT1864 and NSC23766 (10
and 1uM) on phenylephrine- and EFS-induced contractions in
renal arteries, and addressing the effects of EHT1864 (100, 10,
and 1uM), NSC23766 (100, 10, and 1 uM) and SecinH3 (30 and
10uM) in coronary arteries. Unlike in the initial experiments,
experiments with tissues showing only weak KCl-induced con-
tractions (< 0.5 mN) were not excluded from subsequent exper-
iments in coronary arteries or with descending concentrations,
resulting in higher variations of agonist- and EFS-induced
contractions.

The rings for control and inhibitor groups within an indepen-
dent experiment were obtained from the arteries of the same
animal. Each experiment was repeated five times per series,
so that five experiments with paired rings of five animals were
performed per series. Only one concentration response or fre-
quency response curve was recorded with each sample. Each
experiment intended double determination in both groups, that
is, included two rings for the control group and two rings for the
inhibitor group in the beginning, with all four rings obtained
from the same artery. In the initial experiments with the highest
examined concentrations of test compounds in renal arteries,
duplicate determinations were consistently maintained, except
for three single experiments as follows. One ring per experi-
ment had to be excluded as it detached from the needles in the
EHT1864 group (100 uM) with U46619, or because the electrode
accidentally touched the tissue in the NSC23766 group (100 M)
with EFS, or because the tissue was fully unresponsive to KCl
in the control group of an experiment addressing the effects of
LIMKIi3 on phenylephrine. Consequently, values in these groups
were based on single determinations. In additional experiments
addressing the effects of lower concentrations in renal arteries
or effects on coronary arteries, the failure rates were higher
(32 of 100 experiments were based on single determination in
one of the both groups), but each experiment included at least
data from one channel (i.e., one group). Allocations of channels
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to control and inhibitor groups were changed between experi-
ments. Agonist- and EFS-induced contractions are expressed as
a percentage of 80mM KCl-induced contractions, as this may
correct any individual variations resulting from tissue size, tech-
nical procedures, or from individual heterogeneities in animals.

2.3 | Curve Fitting

E_,, values, EC, values for agonists, and frequencies (f) induc-
ing 50% of the maximum EFS-induced contraction (EF,) were
calculated separately for each single experiment by curve fitting
as previously described [17], using GraphPad Prism 6 (GraphPad
Software Inc., San Diego, CA, USA). The software sends error
messages, if curve fitting is not possible or if results from curve
fitting are suspected as “ambiguous” (i.e., as non-plausible).
In addition, values from curve fitting were checked manu-
ally for plausibility, as recommended in the “GraphPad Curve
Fitting Guide” (i.e., the manufacturer's instructions) (GraphPad
Software Inc., San Diego, CA, USA). Several values marked as
“ambiguous” (mostly, though not exclusively in U46619 exper-
iments) appeared plausible after manual review, despite being
labeled as “ambiguous.” As further recommended in the curve
fitting guide, downhill parts of concentration response curves
were excluded from curve fitting (but not in diagrams showing
whole concentration response curves) in the initial experiments
(addressing the highest concentrations of test compounds in
renal arteries), if curve fitting was otherwise not possible, or if
the results were otherwise not plausible. Despite apparent nearly
complete inhibitions by EHT1864, curve fitting was still possi-
ble in most of these experiments, partly, however, because the
software detected declines from the baseline pretension during
the experiment. Nevertheless, the resulting E_, values have
been included here as they virtually reflect the extent of inhibi-
tion seen in concentration and frequency response curves, while
the resulting EC,, values are of low or lacking validity but are re-
ported for completeness only. Exceptions in initial experiments
with the highest applied concentrations in renal arteries were
one experiment with EHT1864 and phenylephrine, one with
EHT1864 and EFS, and one with EHT1864 and noradrenaline,
where calculation was not possible due to complete inhibition.
In these experiments, the highest contractions from the curves
(all close to zero) were taken as E, , values and are marked in
gray in corresponding scatter plots, and the highest applied ago-
nist concentration (log M —3) and the highest applied frequency
(32Hz) were used as approximations for the EC,, and EF,.
Similarly, curve fitting was impossible in the inhibitor group
of one experiment addressing NSC23766 effects and one ad-
dressing SR7826 effects on endothelin-1-induced contractions,
so that again the highest contraction in the curve was taken as
the E_, , whereas any reasonable estimation of an approximated
EC,, was impossible in the NSC23766 experiment, but the high-
est endothelin-1 concentration (log M —5.5) was applied as an
approximation for the EC,; in the SR7826 experiment. In addi-
tional experiments addressing lower concentrations of EHT1864
and NSC23766 in renal arteries, and of EHT1864, NSC23766,
and SecinH3 in coronary arteries, downhill parts of concentra-
tion response curves were generally excluded in curve fitting.
Analog to initial experiments, implausible values or E,_ values
for curves that could not be calculated by curve fitting were re-
placed by maximum tensions seen in curves, and EC,, values

were estimated from curves. Values from these procedures have
been marked gray in scatter plots.

2.4 | Calculation of Apparent pA, Values

To estimate the affinity of NSC23766 for a,-adrenoceptors in
our experiments, “apparent” pA, values were calculated as the
sum of the negative decadic logarithm of the NSC23766 concen-
tration, and the right shift in concentration response curves for
a,-adrenoceptors, expressed as negative decadic logarithm: ap-
parent pA,=p[NSC23766] + (pEC,, o;-agonist controls—pEC,,
o,-agonist with NSC23766). Values were calculated separately
for each single experiment. The structure of our data differs
from that required to calculate exact pA, values. The calculation
of true pA, values requires determinations with several ligand
concentrations and a single, shared control group within the
same experiment. However, our experimental design was based
on two groups per experiment, involving only one NSC23766
group and a control group, which does not allow calculation of
real pA, values. Accordingly, the interpretation of apparent pA,
values may be subject to limitations, but can be used as an ap-
proximation to a pA, value or an estimate of affinity [18, 19].
Calculations of pA, values were limited to initial experiments
with the highest tested concentrations in renal arteries, while
additional experiments addressing lower concentrations and ef-
fects in coronary arteries were excluded from the calculation of
apparent pA, values, for limitations declared above (higher rate
of failure in single channels, and higher variations of agonist-
induced contractions).

2.5 | Drugs and Nomenclature

Phenylephrine ((R)-3-[-1-hydroxy-2-(methylamino)ethyl|phe-
nol)andmethoxamine(a-(1-aminoethyl)-2,5-dimethoxybenzyl
alcohol) are a,-selective adrenoceptor agonists [20]. U46619 is
commonly used as a TP receptor (thromboxane A, receptor)
agonist, as thromboxane A, is highly unstable [20]. Carbachol
(2-carbamoyloxyethyl-trimethylazanium) and methacholine
(2-acetyloxypropyl-trimethylazanium) are muscarinic recep-
tor agonists [20]. The examined test compounds included in-
hibitors related to signaling by monomeric GTPases (Table 1)
and kinase inhibitors (Table 2), which previously inhibited
contractions of human prostate tissues. All inhibitors were
used here at the same concentrations as previously with pros-
tate tissues (Tables 1 and 2). EHT1864 (2-(morpholin-4-ylme
thyl)-5-[5-[7-(trifluoromethyl)quinolin-4-yl]sulfanylpentoxy]
pyran-4-one) is an inhibitor of Rac family GTPases, block-
ing/inhibiting Racl, Raclb, Rac2, and Rac3 with K values of
40, 50, 60, and 250nM, respectively [21, 22]. NSC23766 (N’-
[2-(5-diethylaminopentan-2-ylamino)-6-methylpyrimidin-4--
yl]-2-methylquinoline-4,6-diamine) is a selective inhibitor of
Racl-GEF interaction, by preventing Racl activation by the
Rac-specific GEFs TrioN and Tiam1 with an IC,; about 50 uM,
without affecting Cdc42 or RhoA activation [23-25]. However,
off-targetsinclude antagonism of muscarinic receptors [26, 27].
SecinH3 (N-[4-[5-(1,3-Benzodioxol-5-yl)-3-methoxy-1H-1,2,4-
triazol-1-yl|phenyl]-2-(phenylthio)acetamide) is a cytohesin
family inhibitor, with IC, values of 2.4, 5.4, 5.4, 5.6, 5.6, 65,
and >100puM for human cytohesin-2, human cytohesin-1,
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mouse cytohesin-3, human cytohesin-3, Drosophila steppke,
yGea2-S7, and hEFA6-S7 [28, 29]. SR7826 (1-(2-hydroxyethy
1)-3-[4-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)phenyl]-
1-phenylurea) inhibits LIMK1 with an IC., of 43nM, and
Rho kinase 1 (ROCK1) and Rho kinase 2 (ROCK2) with
IC,,, values of 5536 and 6565nM [30]. LIMKi3 (N-[5-[2-(2,6-
dichlorophenyl)-5-(difluoromethyl)pyrazol-3-yl]-1,3-thiazol-
2-yl]-2-methylpropanamide) inhibits LIMK1 with an IC,,
of 7nM and LIMK2 with an IC,;, of 8nM [31]. cMPD101 (3
-[(4-methyl-5-pyridin-4-yl-1,2,4-triazol-3-yl)methylamino]-
N-[[2-(trifluoromethyl)phenyl|methyl|benzamide)  inhibits
GRK2 (beta adrenergic receptor kinase 1) with reported IC,
values of 35nM, 54nM or 290 nM, and GRK3 (beta adrenergic
receptor kinase 2) with an IC, of 32nM [32, 33]. Screening of
58 kinases representative of the entire kinome (though exclud-
ing lipid kinases) identified five off-target kinases inhibited by
CMPD101 by >50% using 1 uM, including protein kinase N2
(PKN2, syn. PRK2), serum/glucocorticoid regulated kinase
1 (SGK1), ribosomal protein S6 kinase A1 (RSK1), ribosomal
protein S6 kinase A5 (MSK1), and ribosomal protein S6 kinase
B1 (p70S6K, syn. S6K1) [34]. FRAX486 (6-(2,4-dichlorophe
nyl)-8-ethyl-2-(3-fluoro-4-piperazin-1-ylanilino)pyrido|[2,3-d]
pyrimidin-7-one) is an inhibitor for group 1 PAKs, with IC,
values of 8.25nM for PAK1, 39.5nM for PAK2, 55.3nM for
PAK3, and 779nM for PAK4 [35]. Cpd22 (N-methyl-3-[1-(4-
piperazin-1-ylphenyl)-5-[4-[4-(trifluoromethyl)phenyl]phe-
nyl]pyrazol-3-yl]propanamide, “compound 22”) inhibits
ILK with an IC; of 0.6 uM [36]. Using 5uM, 17 of 20 further
screened kinases were inhibited by not more than 10%, while
two were inhibited to 27% (Abl and CDK1) and one by more
than 50% (p70S6K) [36]. Using a concentration of 5puM, Cpd22
inhibited the activities of 17 of 20 screened kinases by not
more than 10%, while only three were inhibited to 27% (Abl
and CDK1) or by more than 50% (p70S6K) [36]. Noradrenaline,
phenylephrine, and methoxamine were obtained from Sigma-
Aldrich (Munich, Germany). EHT1864, NSC23766, SR7826,
LIMKi3, CMPD101, FRAX486, and SecinH3 were obtained
from Tocris (Bristol, UK). Cpd22 was obtained from Merck
(Darmstadt, Germany). Aqueous stock solutions (10mM) of
noradrenaline, phenylephrine, and methoxamine were freshly
prepared before each experiment. Stock solutions (10 mM) of
EHT1864 and NSC23766 were prepared with deionized water,
of SR7826, LIMKi3, Cpd22, FRAX486, and SecinH3 with di-
methylsulfoxide (DMSO), and of CMPD101 with ethanol, and
stored as aliquots at —20°C until use.

2.6 | Statistical Analyses

Data are presented as means with standard deviation (SD) in
concentration and frequency response curves, and as single val-
ues from each single experiment for E_, , EC,, and EF, val-
ues together with means in scatter plots. In the text, E, o« and
EC, values are reported as means together with 95% confidence
intervals (CIs). Calculation of 95% CIs and statistical analy-
ses were performed using GraphPad Prism 6. Comparison of
whole curves was performed by two-way analysis of variance
(ANOVA), as previously described [17]. Post hoc analyses for
multiple comparisons at single agonist concentrations or fre-
quencies were not performed, as this has been discouraged by
the “GraphPad Statistics Guide” (GraphPad Software Inc., San

Diego, CA, USA). E_ ., EC,,, and EF, values were compared
by a paired Student's t-test. p values <0.05 were considered sig-
nificant. Interpretation and discussion of results were based on
effect sizes and their possible relevance instead of p values. In
line with recent recommendations [37], p values were used spar-
ingly, so that p values >0.05 have not been indicated and no p
values are reported in the text. The present study and analyses
are exploratory in nature and design, as important features of a
purely hypothesis-testing study were lacking including a clearly
defined study plan without deviations, blinding, or biometric
calculation of group sizes [37]. Therefore, but also because our
group sizes did not allow valid testing of our data from curve fit-
ting for normality distribution and as a non-parametric alterna-
tive is not available for two-way ANOVA, the p values reported
here need to be considered descriptive, not hypothesis-testing
[37]. Normality within concentration and frequency response
curves was assessed by testing the residuals of non-linear re-
gression fits by the Shapiro-Wilk test, separately for each con-
trol and test group. The data structure, involving three variables
and repeated measurements, generated a sufficient number of
residuals to allow normality testing despite small group sizes.
Although test results suggested non-normal distributions in at
least one of the two groups in most of the data sets (see Table S1),
2-way ANOVA was used due to lack of non-parametric alterna-
tives and its robustness against moderate violations of normality
in small, paired samples [18]. Multiple post hoc comparisons, at
single agonist concentrations or frequencies across groups have
been previously discouraged [17]. Pre-planned group sizes of
five independent experiments were maintained for each series,
whereas originally planned series on the effects of LIMKi3 with
methoxamine, endothelin, and U46619 were not performed,
since no inhibition with these substances was observed in ex-
periments with noradrenaline, phenylephrine, and EFS.

2.7 | Nomenclature of Targets and Ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org,
the common portal for data from the [IUPHAR/BPS Guide to
PHARMACOLOGY [38], and are permanently archived in the
Concise Guide to PHARMACOLOGY 2023/24 [20, 39, 40].

3 | Results
3.1 | EHT1864

Contractions by noradrenaline, phenylephrine, methoxamine,
endothelin-1, U46619, and EFS in renal interlobar arteries were
virtually completely inhibited by 100uM EHT1864 (Figure 1).
Full inhibitions occurred with each agonist concentration, and
at each applied frequency (Figure 1). Despite apparently com-
plete inhibition, curve fitting was technically possible in the
EHT1864 groups. The resulting E,_, values fully reflect the in-
hibitions seen in the curves, but the resulting EC,, values have
no meaningful validity. E_, values amounted to 498% [107-889]
of KCl-induced contractions in controls and 11% [—59 to 80] with
100puM EHT1864 for noradrenaline (Figure 1a), 299% [76-523]
in controls and —4% [—9 to 1] with 100uM EHT1864 for phenyl-
ephrine (Figure 1b), 233% [—13 to 478] in controls and —13% [-26
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to 1] with 100uM EHT1864 for methoxamine (Figure 1c), 435%
[242-628] in controls and —1% [—13 to 10] with 100uM EHT1864
for endothelin-1 (Figure 1d), 211% [16-405] in controls and

18% [—20 to 56] with 100uM EHT1864 for U46619 (Figure 1e),
and 135% [—15 to 284] for controls and 1% [0-3] with 100uM

EHT1864 for EFS (Figure 1f).
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FIGURE1 | Effects of EHT1864 on agonist- and EFS-induced contractions of renal, interlobar arteries. Contractions were induced 30 min after
addition of solvent (deionized water) to controls or 100uM EHT1864 (a—f), 10uM EHT1864 (g, h) or 1uM EHT1864 (i, j) by noradrenaline (a), phen-
ylephrine (b, g, i), methoxamine (c), endothelin-1 (d), U46619 (e) or EFS (f, h, j). Data are obtained from n=5 independent experiments per panel,
performed with arteries from n =5 animals, with each single experiment including a control and EHT1864 group with tissues from the same animal,
resulting in paired samples. Shown are means + SD from all experiments in concentration and frequency response curves together with p values from
max’ ECs00
from Student's t-test. p values >0.05 are not shown. E_ values marked gray represent maximum tensions in concentration or frequency response

two-way ANOVA for whole groups, and all single E and EF, values from all experiments (calculated by curve fitting) together with p values

curves, as curve fitting was not possible in these experiments, and EC,, values of —3 or an EF, of 32 Hz have been assumed for noradrenaline, phen-
ylephrine or EFS in these experiments. While curve fitting was technically still possible in most experiments, despite nearly complete inhibition, the

validity of EC,, and EF, values with EHT1864 is limited in (a-f), so that these are marked in gray.
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FIGURE 2 | Effects of EHT1864 on cholinergic contractions of coronary arteries. Contractions were induced 30 min after addition of solvent

(deionized water) to controls or 100uM EHT1864 (a, b) or 10uM EHT1864 (c, d) by carbachol (a, c¢) or methacholine (b, d). Data are obtained from
n=>5 independent experiments per panel, performed with arteries from n =5 animals, with each single experiment including a control and EHT1864
group with tissues from the same animal, resulting in paired samples. Shown are means + SD from all experiments in concentration response curves

together with p values from two-way ANOVA for whole groups, and all single E, , and EC, values from all experiments (calculated by curve fitting)

max

together with p values from Student's t-test. p values >0.05 are not shown. An E_, value marked gray represents the maximum tension in concen-
tration response curves, as the value from curve fitting was implausible.

The effects of lower concentrations were tested on phenyl-
ephrine- and EFS-induced contractions of renal interlobar
arteries. At 10uM, EHTI1864 still inhibited phenylephrine-
and EFS-induced contractions (Figure 1g,h), while 1uM was
mostly ineffective (Figure 1i,j). Phenylephrine- and EFS-
induced contractions were again strongly, though not com-
pletely inhibited at 10 uM (Figure 1g,h). E_  values amounted
to 2459% [—2579 to 7497] of KCl-induced contractions in con-
trols and 522% [—799 to 1843] with 10uM EHT1864 for phen-
ylephrine, to 587% [—-601 to 1775] in controls and 92% [-115
to 298] with 10uM EHT1864 for EFS, to 528% [—145 to 1201]
in controls and 714% [77-1351] with 1 uM EHT1864 for phen-
ylephrine, and to 528% [—145 to 1201] in controls and 235%
[-19 to 490] with 1 uM EHT1864 (Figure 1g-j). EC,, values for
phenylephrine or EF, values were not changed by 10uM or
1M EHT1864, apart from a decrease in EF, values by 10uM
(Figure 1h).

In coronary arteries, 100uM EHT1864 completely inhibited con-
tractions by carbachol and methacholine (Figure 2). Full inhibi-
tions occurred with each agonist concentration and were reflected
by E_, . values calculated by curve fitting. E__ values amounted
to 206% [—18 to 430] of KCl-induced contractions in controls
and —77% [-200 to 46] with 100uM EHT1864 for carbachol
(Figure 2a), and to 79% [12-146] in controls and —17% [—38 to 3]
with 100uM EHT1864 for methoxamine (Figure 2b). Changes
in EC,, values were inconsistent for carbachol and methacholine
(Figure 2a,b), and have no meaningful validity, as contractions
were completely inhibited. Similarly, contractions were completely
or nearly completely inhibited by 10uM EHT1864. E_  values
amounted to 130% [18-242] in controls and 23% [—33 to 78] with
10uM EHT1864 for carbachol (Figure 2c), and 292% [—348 to 933]
in controls and 15% [—4 to 34] with 10uM EHT1864 for metha-
choline (Figure 2d). EC,, values were similar between control and

EHT1864 groups (Figure 2c,d).
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3.2 | NSC23766 right-shifted by 100 uM NSC23766 (Figure 3a—c). Right shifts
were accompanied by full recovery of noradrenaline-induced
Concentration response curves for noradrenaline, phenyl- contractions, and partial recovery of phenylephrine- and

ephrine, and methoxamine in renal interlobar arteries were methoxamine-induced contractions at the applied agonist

p<0.0001 p=0.0002 b p=0.0033 p=0.0005
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FIGURE 3 | Effects of NSC23766 (100uM) on agonist- and EFS-induced contractions of renal, interlobar arteries. Contractions were induced
30min after addition of solvent (deionized water) to controls or 100 uM NSC23766 (a—f), 10 uM NSC23766 (g, h) or 1 uM NSC23766 (i, j) by noradren-
aline (a), phenylephrine (b, g, i), methoxamine (c), endothelin-1 (d), U46619 (e) or EFS (f, h, j). Data are obtained from n =5 independent experiments
per panel, performed with arteries from n=>5 animals, with each single experiment including a control and NSC23766 group with tissues from the
same animal, resulting in paired samples. Shown are means+SD from all experiments in concentration and frequency response curves together
max’ ECspr
together with p values from Student's t-test. p values >0.05 are not shown. An E,_, value marked in gray represents the maximum tension in the

with p values from two-way ANOVA for whole groups, and all single E, and EF, values from all experiments (calculated by curve fitting)

concentration response curves, as curve fitting was not possible in this experiment, while no EC,, value for endothelin-1 could be estimated for this

experiment.

concentrations (0.1-100 uM), together with increases in EC,
values by more than one order of magnitude for each of the
three agonists. EC, values (log M) were —6.3 [-6.6 to —6.1]
in controls and —4.9 [-5.1 to —4.8] with 100uM NSC23766
for noradrenaline (Figure 3a), —6.5 [-7 to —5.9] in controls
and —4.3 [-4.8 to —3.8] with 100uM NSC23766 for phenyl-
ephrine (Figure 3b), and —6.4 [—-6.6 to —6.2] in controls and
—4.7 [-5.9 to —3.6] with 100uM NSC23766 for methoxam-
ine (Figure 3c). E_,, values amounted to 242% [106-378] of
KCl-induced contraction in controls and 195% [153-237]
with 100uM NSC23766 for noradrenaline (Figure 3a), 564%
[-367 to 1497] in controls and 309% [—31 to 648] with 100 uM
NSC23766 for phenylephrine (Figure 3b), and 433% [213-653]
in controls and 236% [85-386] with 100 uM NSC23766 for me-
thoxamine (Figure 3c). Contractions by endothelin-1 were
not inhibited by NSC23766, and right shifts of concentration
response curves did not occur with NSC23766 (Figure 3d).
E, .. values for endothelin-1 amounted to 336% [152-521]
in controls and 530% [—94 to 1153] with 100uM NSC23766
(Figure 3d). EC,, values (log M) for endothelin-1 were —7.6
[-7.9 to —7.3] in controls and —7.5 [-8.3 to —6.7] with 100 uM
NSC23766 (Figure 3d). Contractions by U46619 were inhibited
by NSC23766, reflected by reduced E_, values but without
right shifts of concentration response curves (Figure 3e). E
values for U46619 amounted to 485% [281-689] in controls
and 273% [194-353] with 100 uM NSC23766 (Figure 3e). EC,,
values (log M) for U46619 were —7.2 [-7.9 to —6.5] in controls
and —6.1 [-7.9 to —4.3] with 100uM NSC23766 (Figure 2e).
EFS-induced contractions were virtually completely inhibited
at each frequency, though calculation of E_,, values was tech-
nically still possible (Figure 3f). E_, values for EFS-induced
contractions amounted to 482% [—258 to 1220] in controls and
—35% [—134 to 64] with 100 uM NSC23766 (Figure 3f).

Apparent pA, values for NSC23766 were calculated for series
with a -adrenergic agonists and 100 uM NSC23766, which was
possible for each experiment in these series. The average appar-
ent pA, was 5.2 [3.7-6.8] with noradrenaline, 5.2 [3.4-7] with
phenylephrine and 3.9 [2.3-5.4] with methoxamine, suggesting
affinities of 47, 27, and 461 uM, respectively.

The effects of lower concentrations were tested on phenyleph-
rine- and EFS-induced contractions of renal interlobar arteries.
While E_ values or contractions in frequency response curves
were hardly or not affected by 10uM or 1uM NSC23766, both
concentrations still right shifted concentration response curves
and increased the EC,, values for phenylephrine (Figure 3g-j).

EC,, values for phenylephrine (log M) mounted to —5.9 [-6.5 to

—5.3] in controls and —5.3 [—6.1 to —4.5] with 10uM NSC23766
(Figure 3g), and to —6.2 [-6.3 to —6.1] in controls and —5.7 [-6
to —5.4] with 1uM NSC23766 (Figure 3j).

In coronary arteries, 100 uM NSC23766 increased the EC, val-
ues for carbachol and methacholine (Figure 4a,b). Increased
EC,, values for carbachol were paralleled by decreasesin E_,
values and by inhibitions at all agonist concentrations in con-
centration response curves (Figure 4a). Increased EC,, values
for methacholine were paralleled by right shifts of concen-
tration response curves, with recovery at high methacholine
concentrations (Figure 4b). EC,, (log M) values amounted to
—6.3 [-7.3 to —5.1] in controls and —5.5 [-6.1 to —4.9] with
100 uM NSC23766 for carbachol, and to —8.2 [-10.9 to —5.4]
in controls and —5.7 [-6.1 to —5.4] with 100uM NSC23766
for methacholine (Figure 4a,b). E_ , values amounted to 93%
[20-167] of KCl-induced contraction in controls and 26% [-2 to
53] with 100 uM NSC23766 for carbachol, and 83% [38-128] in
controls and 114% [58-171] with 100 uM NSC23766 for metha-
choline (Figure 4a,b). At 10uM NSC23766, contractions with
carbachol and methacholine were not consistently affected
(Figure 4c,d). EC,, values amounted to —6.5 [-6.8 to —6.3] in
controls and —5.9 [-7.2 to —4.7] with 10 uM NSC23766 for car-
bachol, and to —7.4 [-10 to —4.9] in controls and —6.6 [—6.9 to
—6.4] with 10uM NSC23766 for methacholine (Figure 4c,d).
E, ., values amounted to 38% [17-58] in controls and 68% [—4
to 141] with 10 uM NSC23766 for carbachol, and to 175% [—44
to 393] in controls and 70% [15-129] with 10 uM NSC23766 for
methacholine (Figure 4c,d).

3.3 | SecinH3

Contractions by noradrenaline, phenylephrine or EFS were not
changed with SecinH3 (30 uM) (Figure 5). E_ .. values amounted
to 336% [158-513] of KCl-induced contractions in controls and
348% [228-469] with SecinH3 for noradrenaline (Figure 5a),
363% [—8 to 733] in controls and 382% [—15 to 778] with SecinH3
for phenylephrine (Figure 5b), and 99% [45-152] in controls and
130% [—41 to 302] with SecinH3 for EFS (Figure 5¢). EC,, values
for both agonists and EF., values for EFS remained unchanged
by SecinH3 (Figure 5).

In coronary arteries, 30uM SecinH3 inhibited contractions
by carbachol and methacholine (Figure 6a,b). Inhibitions
were obvious in concentration response curves at carbachol
concentrations from 10uM to 1mM, and at methacholine
concentrations from 1uM to 1mM, and were reflected by
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FIGURE 4 | Effects of NSC23766 on cholinergic contractions of coronary arteries. Contractions were induced 30 min after addition of solvent
(deionized water) to controls or 100 uM NSC23766 (a, b) or 10uM NSC23766 (c, d) by carbachol (a, ¢) or methacholine (b, d). Data are obtained from
n=>5 independent experiments per panel, performed with arteries from n =5 animals, with each single experiment including a control and NSC23766
group with tissues from the same animal, resulting in paired samples. Shown are means + SD from all experiments in concentration response curves
together with p values from two-way ANOVA for whole groups, and all single E, , and EC,, values from all experiments (calculated by curve fit-
ting) together with p values from Student's t-test. p values >0.05 are not shown. EC, values marked gray represent estimations from concentration
response curves, as values from curve fitting were implausible.
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response curves, and all single E and EF, values from all experiments (calculated by curve fitting).
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FIGURE 6 | Effects of SecinH3 on cholinergic contractions of coronary arteries. Contractions were induced 30min after addition of solvent
(DMSO) to controls or 30 uM SecinH3 (a, b) or 10uM SecinH3 (c, d) by carbachol (a, ¢) or methacholine (b, d). Data are obtained from n=>5 indepen-
dent experiments per panel, performed with arteries from n=5 animals, with each single experiment including a control and SecinH3 group with
tissues from the same animal, resulting in paired samples. Shown are means+ SD from all experiments in concentration response curves together

with p values from two-way ANOVA for whole groups, and all single E, ,, and EC, values from all experiments (calculated by curve fitting) ana-

max

lyzed by Student's ¢-test. p values >0.05 are not shown. E,_, values marked gray represent maximum tensions in concentration response curves,
as curve fitting was not possible in these experiments, and EC, values marked in gray have been estimated from concentration response curves in

these experiments.

reduced E,_, values. E_, values amounted to 33% of KCI-
induced contractions [6-60] in controls and 14% [-30 to 59]
with 30uM SecinH3 for carbachol, and to 281% [—188 to
751] in controls and 111% [27-195] with 30uM SecinH3 for
methacholine (Figure 6a,b). At 10uM SecinH3, contractions
by carbachol or methacholine were not consistently changed
(Figure 6c¢,d). EC,, values for carbachol or methacholine
were not consistently changed at 10uM or 30uM SecinH3

(Figure 6¢,d).

3.4 | SR7826

Contractions by noradrenaline, phenylephrine, methoxam-
ine, endothelin-1, U46619 and EFS were partly inhibited by
SR7826 (1 uM) (Figure 7). For a;-adrenergic agonists and EFS,
but not for endothelin-1 or U46619, the extent of inhibition
was reflected in the E_, values. E_ _ values amounted to
415% [212-619] of KCl-induced contractions in controls and
252% [151-364] with SR7826 for noradrenaline (Figure 7a),
228% [27-429] in controls and 183% [115-251] with SR7826 for
phenylephrine (Figure 7b), 1005% [150-1860] in controls and
735% [83-1386] with SR7826 for methoxamine (Figure 7c),
375% [-136 to 886] in controls and 404% [—36 to 845] with
SR7826 for endothelin-1 (Figure 7d), 575% [273-877] in con-
trols and 612% [338-885] with SR7826 for U46619 (Figure 7e),
and 167% [69-265] for controls and 109% [25-193] with SR7826
for EFS (Figure 7f). EC,, values of all agonists and EF, values
for EFS remained unchanged by SR7826 (Figure 7).

3.5 | LIMKi3

Contractions by noradrenaline, phenylephrine or EFS were not
reduced with LIMKi3 (1 M) (Figure 8). E_, values amounted
to 568% [344-792] of KCl-induced contractions in controls and
767% [279-1256] with LIMKi3 for noradrenaline (Figure 8a),
235% [33-437] in controls and 273% [149-396] with LIMKi3 for
phenylephrine (Figure 8b), and 119% [32-207] in controls and
114% [25-202] with LIMKi3 for EFS (Figure 8c). EC,, values for
both agonists and EF,, values for EFS remained unchanged by
LIMKi3 (Figure 8).

3.6 | CMPDI101

Agonist- and EFS-induced contractions were differentially af-
fected by CMPD101 (50 uM) (Figure 9). Contractions by noradren-
aline, endothelin-1 and EFS were unchanged with CMPD101.
Maximum phenylephrine- and U46619-induced contractions
were reduced with CMPD101. Concentration response curves for
methoxamine were right shifted with CMPD101, together with
increases in EC,, values and decreases in E,_, values for methox-
amine. E_, values amounted to 312% [203-421] of KCl-induced
contractions in controls and 278% [154-402] with CMPD101 for
noradrenaline (Figure 9a), 267% [48-487] in controls and 90%
[39-141] with CMPD101 for phenylephrine (Figure 9b), 1110%
[230-1991] in controls and 701% [—90 to 1493] with CMPD101
for methoxamine (Figure 9c), 192% [36-349] in controls and
191% [93-290] with CMPD101 for endothelin-1 (Figure 9d), 136%
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value marked in gray represents the maximum tension in the concentration response curves, as curve fitting was not possible in this experiment,

periments in concentration and frequency response curves together with p values from two-way ANOVA for whole groups, and all single E 500

max

while no EC, value for endothelin-1 could be estimated for this experiment.

[63-209] in controls and 69% [—16 to 154] with CMPD101 for
U46619 (Figure 9e), and 48% [—17 to 113] for controls and 50%
[-12 to 112] with CMPD101 for EFS (Figure 9f). EC, values (log
M) were —6.2 [-7.9 to —4.5] for controls and —4.9 [-5.1 to —4.7]
with CMPD101 for methoxamine (Figure 9¢), while EC,, values
for other agonists and EF, values for EFS did not change.

3.7 | FRAX486

Contractions by noradrenaline, phenylephrine or EFS were
not reduced with FRAX486 (30uM) (Figure 10). E_, values
amounted to 359% [191-527] of KCl-induced contractions in
controls and 354% [199-508] with FRAX486 for noradrenaline
(Figure 10a), 263% [133-393] in controls and 357% [92-621]
with FRAX486 for phenylephrine (Figure 10b), and 149%
[104-193] in controls and 146% [106-186] with FRAX486 for
EFS (Figure 10c). EC,, values for both agonists and EF,, values
for EFS remained unchanged by FRAX486 (Figure 10).

3.8 | Cpd22

Contractions by noradrenaline, phenylephrine or EFS were not
reduced with Cpd22 (3uM) (Figure 11). E_ . values amounted
to 395% [231-558] of KCl-induced contractions in controls and
753% [165-1340] with Cpd22 for noradrenaline (Figure 11a),
346% [68—624] in controls and 434% [—117 to 986] with Cpd22
for phenylephrine (Figure 11b), and 107% [59-155] in controls
and 143% [99-187] with Cpd22 for EFS (Figure 11c). EC,, values
for both agonists and EF, values for EFS remained unchanged
by Cpd22 (Figure 11).

4 | Discussion

The present study aims at a first preclinical investigation of the
vasoactive effects of compounds recently described to inhibit pros-
tatic smooth muscle contractions (Tables 1 and 2). Adverse cardio-
vascular events are critical in the treatment of voiding symptoms
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FIGURE 8 | Effects of LIMKi3 (1 uM) on agonist- and EFS-induced contractions of renal, interlobar arteries. Contractions were induced by nor-
adrenaline (a), phenylephrine (b) or EFS (c), 30 min after addition of solvent (DMSO) to controls or LIMKi3 (1 uM). Data are obtained from n=>5 inde-
pendent experiments per panel, performed with arteries from n =5 animals, with each single experiment including a control and LIMKi3 group with
tissues from the same animal, resulting in paired samples. Shown are means+SD from all experiments in concentration and frequency response
ECsp,
by curve fitting). p values > 0.05 are not shown. E,_, and EC, values marked in gray represent the maximum tension in the concentration response
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curves, or the highest applied endothelin-1 concentration, as curve fitting was not possible in this experiment.

suggestive of BPH, so the potential to induce hypotension needs to
be considered in the development of new drugs. Concentrations of
the test compounds applied in the initial experiments of our study
(i.e., using the highest examined concentrations) were the concen-
trations used in previous studies using human prostate tissues, to
ensure comparability between both tissue types. These concentra-
tions may partly exceed the IC,, values known from biochemical
assays and might have limited physiological relevance, but plasma
levels are not known and the absence of effects with these con-
centrations may suggest lacking hypotensive effects with these or
lower concentrations in vivo. The vessel types used here are asso-
ciated with renal function or myocardial perfusion. Accordingly,
firm conclusions regarding hypotensive effects remain subject to
further investigations in other vessel types and human arteries,
and to hemodynamic measurements in vivo. Typically for vascular
smooth muscle, however, our renal arteries showed o, -adrenergic,
and endothelin-1- and U46619-induced contractions, while we
did not include angiotensin-II, serotonin or other important va-
soconstrictors. Different from most (if not all) other vessel types,
coronary arteries hardly contract adrenergically or with EFS, but
typically show cholinergic contractions [17, 41].

The largest and most consistent effects occurred with EHT1864
and NSC23766. With both compounds, anticontractile effects
were pronounced at 100 uM in both vessel types, still strong with
10uM EHT1864 in both vessel types, and still visible, though
weaker with 10uM NSC23766 in renal arteries, but lacking
with 1uM EHT1864 in renal arteries or with 10uM NSC23766
in coronary arteries. Inhibitions >50% were also observed for
a,-adrenergic, EFS- and U46619-induced contractions with both

compounds in prostate tissues, and for EHT1864 additionally
with U46619 [10, 11]. Although the specificity at 100 uM may be
limited, 100uM EHT1864 or NSC23766, or 200 uM NSC23766
did not inhibit the closely related, contraction-mediating GTPase
RhoA [10, 24, 25]. EHT1864 binds to Racl-3 with K values of
40-250nM, but clear IC, values for enzyme activity have not
been reported and the IC,, for inhibition of Rac-mediated func-
tions in cell cultures ranges around 5-10 uM [21, 22, 25, 42]. The
IC,, for GEF-induced Racl inhibition by NSC23766 in biochem-
ical assays amounts to 50uM [24], consistent with functional
readouts if concentration-dependent effects were examined [25].
NSC23766 is typically used at concentrations of 50-100uM.
Lower concentrations have rarely been studied [25, 43], and can
be ineffective [25]. Off-targets for EHT1864 and NSC23766 re-
main unknown [44], apart from NSC23766 binding to musca-
rinic receptors [26, 27]. At least in bladder smooth muscle cells,
responses to both compounds are unaffected by Racl knock-
out, indicating Racl-independent effects [25]. A completely
unspecific action contributing to anticontractile effects such
as cytotoxicity can be excluded, as 100uM NSC23766 failed to
inhibit endothelin-1-induced contractions in both prostate and
vascular tissues [10, 11].

Right shifts of concentration response curves, and increases
of EC,, values with all three o, -adrenergic agonists point to
antagonism of a;-adrenoceptors as a novel off-target effect of
NSC23766. Interpreting our data as o,-adrenoceptor antago-
nism by NSC23766 is plausible, but still requires confirmation
by radioligand binding assays. Antagonism of muscarinic recep-
tors has previously been described as another off-target effect
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FIGURE 9 | Effects of CMPD101 (50uM) on agonist- and EFS-induced contractions of renal, interlobar arteries. Contractions were induced by

noradrenaline (a), phenylephrine (b), methoxamine (c), endothelin-1 (d), U46619 (e) or EFS (f), 30 min after the addition of solvent (ethanol) to con-
trols or CMPD (50 uM). Data are obtained from n =5 independent experiments per panel, performed with arteries from n =35 animals, with each sin-
gle experiment including a control and CMPD101 group with tissues from the same animal, resulting in paired samples. Shown are means + SD from

all experiments in concentration and frequency response curves together with p values from two-way ANOVA for whole groups, and all single E

EC

50”

of NSC23766. The EC,, for carbachol was increased by half to
one order of magnitude by 100uM NSC23766 in female and
male human detrusor tissues [27]. In HEK-293 cells transfected
with M;, M, or M, receptors, 100uM NSC23766 increased the
EC,, for carbachol-induced increases in intracellular calcium by
1.5-2 orders of magnitude, and the affinity for M, was calculated
to be about 4uM by Schild regression [26]. In our experiments
with coronary arteries, antagonism of muscarinic receptors was
again reflected by increases in EC,, values for carbachol and
methacholine at 100uM NSC23766, while no changes in EC,,
values were observed at 10 uM. Based on our apparent pA, val-
ues, the affinity for a;-adrenoceptors may appear lower than for
muscarinic receptors, although our approach is only an approx-
imation to an affinity. Features of an antagonism were still ap-
parent using 10 and 1 uM NSC23766 in phenylephrine-induced
contractions, whereas 10uM failed to produce signs of an an-
tagonism of carbachol- or methacholine-induced contractions
in renal arteries. Though adrenoceptors and muscarinic recep-
tors belong to different families, they are not that distally re-
lated among G protein-coupled receptors [45, 46], and off-target

max’

and EF, values from all experiments (calculated by curve fitting) together with p values from Student's ¢-test. p values > 0.05 are not shown.

effects may occur with representatives of both families, for ex-
ample, with mirabegron or other compounds [47, 48].

Based on previous and our current results, the use of Rac in-
hibitors in BPH treatment may be associated with cardiovas-
cular effects. A role for Racl in smooth muscle contractions
is increasingly emerging from knockout and silencing models
[49]. Similar to the closely related GTPase RhoA, this function
occurs across organs including vascular, bladder, airway, and
gastrointestinal smooth muscle [49, 50]. Most in vitro studies
indicated anticontractile effects of Rac inhibitors in isolated
smooth muscle-rich tissues. An exception was mesenteric
arteries, where 10uM EHTI1864 inhibited phenylephrine-
induced contractions by 20% in arteries from spontaneously
hypertensive rats, but not in vessels from normotensive con-
trols [51]. In vivo, both inhibitors have been applied in rodents,
using up to 5mg/kg (i.p.) for NSC23766 [52, 53], or 10-40 mg/kg
(i.p.) for EHT1864 [54, 55], but plasma concentrations are un-
known. Effects of NSC23766 on mean arterial pressure (MAP)
have been studied in normo- and hypertensive rats. A single

Pharmacology Research & Perspectives, 2025

15 of 20

85UB01 7 SUOWILLIOD BAIER.D 3|ded|dde ay3 Aq paueA0b 818 S3jolie YO ‘SN 0 S8|nJ 10} AR1q1T8UIIUO AB|1/ UO (SUOIPUOD-PUR-SLUBY/WI0D" A8 | 1M Ale1q 1[BulUO//SdNY) SUORIPUOD pue Wi | 8U3 88S *[9202/€0/0€] Uo AreigiTauliuo AB|iM ‘06T0L 2did/200T OT/I0p/wod A8 | im Areiq i jpul uo 'sqndsday/:sdiny WwoJy papeo|umoq ‘9 ‘SZ0e ‘20LT2S02



p<0.0001
a 800 800 -4 b 800 800 -4
= = °
s} o
X 600 = 600 = - X 600 = 600 -
= o . . s = o 5 6] e o*
~ X . o ~ X o . .'
5 400 £ 400 . 2 s . 5 400 24007 L0 . 2
E Pl . & T g : 3
= E o = E ° o
H 200 w 200 ° wo, £ 200 w 200 '.. W
=] o °
o o
0 [] 0 0
F ! 12
8 -7 -6 5 -4 -3 -2 N N 8 -7 -6 5 -4 .3 -2 N N
o N o o o ) ©°
[noradrenaline] (logM) ooé _\.p.‘z’ oé +§’@ [phenylephrine] (logM) ooé +§’ 00\‘ 5?
of PSR © Ll of PSR o PSR
- control ® FRAX486,30 uM & r,“Q & o -« control = FRAX486,30 uM & "’QQ &
C 400 400 40
o
X 300 =300 30
g g 0
< f z
2200 £ 200 . ° 20
3 : Se R
Z £ - coe w
b w
< 100 100 o 107 oge
o
’ 2 4 8 16 32 0 0
AN AN
frequency (Hz) Q\‘o h‘bs Q\‘o +§’6
o o
M control [ FRAX486, 30 uMm S < S
<o < WD
FIGURE 10 | Effects of FRAX486 (30 M) on agonist- and EFS-induced contractions of renal, interlobar arteries. Contractions were induced by

noradrenaline (a), phenylephrine (b) or EFS (c), 30 min after the addition of solvent (DMSO) to controls or FRAX486 (30 uM). Data are obtained from
n=>5 independent experiments per panel, performed with arteries from n =5 animals, with each single experiment including a control and FRAX486
group with tissues from the same animal, resulting in paired samples. Shown are means + SD from all experiments in concentration and frequency
response curves together with p values from two-way ANOVA for whole groups, and all single E,_, , EC,,, and EF, values from all experiments (cal-

culated by curve fitting). p values >0.05 are not shown.
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FIGURE 11 | Effects of Cpd22 (3uM) on agonist- and EFS-induced contractions of renal, interlobar arteries. Contractions were induced by nor-

adrenaline (a), phenylephrine (b) or EFS (c), 30 min after the addition of solvent (DMSO) to controls or Cpd22 (3 uM). Data are obtained from n=>5 in-
dependent experiments per panel, performed with arteries from n =5 animals, with each single experiment including a control and Cpd22 group with
tissues from the same animal, resulting in paired samples. Shown are means+SD from all experiments in concentration and frequency response

curves together with p values from two-way ANOVA for whole groups, and all single E,_ , EC,, and EF, values from all experiments (calculated by
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curve fitting). p values >0.05 are not shown.
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dose of 100 pmol, by injection into the commissural nucleus
of the solitary tract reduced the blood pressure by 20mmHg
in hypertensive rats, but was without hemodynamic effects in
normotensive rats [56]. Hemodynamic data allowing conclu-
sions on direct effects on vascular smooth muscle cells, analog
to our organ bath experiments, are to the best of our knowl-
edge not available for NSC23766 or EHT1864. Findings for he-
modynamic effects from transgenic approaches are divergent,
and do not consistently suggest hypotension by Racl inhibi-
tion. Smooth muscle-specific overexpression of constitutively
active Racl induced moderate hypertension [57]. In contrast,
mice with smooth muscle-specific Racl knockout developed
hypertension as well, due to increased vascular resistance but
not due to changes in diastolic blood pressure or heart rate,
by disruption of nitric oxide-induced relaxation in vascular
smooth muscle cells [58].

In prostate tissues, agonist- and EFS-induced contractions were
consistently reduced by SecinH3 [12]. Here, we did not observe
any inhibition in renal arteries, but observed inhibition of cho-
linergic contractions in coronary arteries. Effects in the prostate
involved inhibition of Arf6, a downstream GTPase of cytohesin
GEFS [12]. Arf6-mediated contraction has been proposed based
on observations using the Arfé6 inhibitor NAV2729 in human
prostate tissues [59], and has been evidenced by Arf6 knockout in
cultured prostate stromal cells [60]. In renal interlobar arteries, re-
sponses to all six examined vasoconstrictors previously remained
unaffected by NAV2729 [17]. Again in line with our current find-
ings using SecinH3, however, NAV27632 reduced carbachol- and
methacholine-induced contractions in coronary arteries [17].
Pending further findings, the cytohesin-2/Arf6 axis may repre-
sent an organ- and receptor-selective pathway of smooth muscle
contraction [61], allowing pharmacological targeting of prostate
smooth muscle contraction without affecting vasocontraction.

For SR7826, our results largely agree with those from pros-
tates, except endothelin-1 being inhibited in renal arteries but
not in the prostate [11, 13]. Whether partial inhibitions of ag-
onist- and EFS-induced contractions by SR7826 are sufficient
for urodynamic or hemodynamic effects in vivo, remains to be
determined. In biochemical assays, the IC of SR7826 was de-
termined as 43nM for LIMK1, but 5.5 and 6.5uM for ROCK1
and -2 [30], so that ROCK inhibition appears unlikely in our ex-
periments using 1 uM. Rho kinase is central in the contraction of
all smooth muscle types. A role of LIMK for smooth muscle con-
traction can be easily derived, as it is central for actin-dependent
functions [62], but evidence from knockout or silencing in con-
traction models is still missing. Our observations with LIMKi3
were divergent from those with SR7826 and with prostate tissues
[11, 13], possibly pointing to unknown pharmacological proper-
ties or to off-target effects, which may predominate over specific
LIMK inhibition in previous experiments with prostate tissues.

Findings with CMPD101 appear ambiguous, for renal arteries
and prostate tissues [14]. Phenylephrine- and methoxamine-
induced contractions were markedly inhibited in concentration
response curves, while noradrenaline- and EFS-induced con-
tractions remained unchanged. Marked inhibitions have been
previously observed in prostate tissues with a -adrenergic ag-
onists, endothelin-1, U46619 and EFS, which was already sur-
prising, as enhanced rather than inhibited contractions were

expected from a GRK2/3 inhibitor [14]. Phosphorylation of G
protein-coupled receptors by GRKSs results in receptor desensiti-
zation [1], so that suppressing this desensitization should amplify
receptor-induced contractions. Divergent effects on endothelin-
1- and U46619-induced contractions may reflect different con-
tractile mechanisms used by these receptors. Considering our
results from arteries, possible hypotensive effects would be ex-
pected in vivo with CMPD101.

Our experiments with FRAX486 and Cpd22 yielded inconsis-
tent results that are difficult to interpret. Unlike with prostate
tissues, we observed no effects on EFS but enhanced phenyleph-
rine- or noradrenaline-induced contractions with FRAX486 and
Cpd22 in renal arteries. Whether these inconsistencies reflect
organ-specific mechanisms of neurogenic contractions, differ-
ent properties of o,-adrenergic ligands used here, or tissue- and
subtype-specific properties of a;-adrenoceptor populations, can
not be estimated based on our data. In any case, these com-
pounds do not seem to be candidates for further development as
BPH or antihypertensive drugs. Effects of Cpd22 on MAP have
been examined in rats with experimentally-induced severe pul-
monary hypertension, where treatment for 5days by intraperi-
toneal injection of 20mg/kg per day did not affect the MAP in
male and female animals [63].

Inhibition of vasocontraction is central in the treatment of car-
diovascular diseases, but also accounts for side effects in the
treatment of voiding symptoms with «,-blockers and tadalafil
[3]. Orthostatic hypotension and dizziness belong to the most
frequent side effects of o,-blockers [1, 3]. The risk of experienc-
ing a -blocker-induced hypotension is highest in patients with
cardiovascular comorbidity and cardiovascular co-medication
[1, 4]. Side effects of a -blockers may be additive with those of
other medications, becoming most problematic in multidrug reg-
imens [5]. Combinations of antihypertensives with a,-blockers
belong to the most commonly prescribed multidrug clusters in
men aged >70years [5]. In addition, improvements by available
BPH drugs are limited and about one third of treated patients
are non-responders, together calling for further drugs [1].

Because SecinH3 did not inhibit vasocontractions and subject
to any further, unknown limitations, its use without cardio-
vascular side effects might be possible in BPH. The use of Rac
inhibitors would be expected to cause cardiovascular effects. A
possible advantage over a,-blockers may arise from inhibition
of non-adrenergic prostate smooth muscle contractions, which
are insensitive to o;-blockers and are suspected of causing drug-
refractory symptoms [1]. Hemodynamic side effects should be
expected also with SR7826, whereas the risk for cardiovascular
effects can not be consistently estimated for all of the examined
kinase inhibitors. Besides cardiovascular side effects, further
side effects are likely with kinase inhibitors, which may limit
their use in non-malignant diseases. Our study aimed at an as-
sessment of potential vasomotoric effects. Any further transla-
tional step still needs assessments of safety and tolerability, of
the reversibility of vasorelaxation effects, of effects in further
vessel types for each of the test compounds, of hemodynamic ef-
fects and cytotoxicity. Based on its pilot character, our study did
not include mechanistic investigations into why certain inhib-
itors selectively affect prostatic versus vascular tissue, though
this will be certainly of interest in follow-up studies.
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quency response curves for normality. P values >0.05 suggest normal
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