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Abstract

We investigated the role of RhoA/Rho-kinase (ROCK) and PKC in the inhibitory effect of L-cysteine/hydrogen sulfide
(H,S) pathway on the carbachol-mediated contraction of mouse bladder smooth muscle. Carbachol (107-10~* M) induced
a concentration-dependent contraction in bladder tissues. L-cysteine (H,S precursor; 1072 M) and exogenous H,S (NaHS;
1073 M) reduced the contractions evoked by carbachol by ~49 and ~ 53%, respectively, relative to control. The inhibi-
tory effect of L-cysteine on contractions to carbachol was reversed by 1072 M PAG (~40%) and 107> M AOAA (~55%),
cystathionine-gamma-lyase (CSE) and cystathionine-p-synthase (CBS) inhibitor, respectively. Y-27632 (107 M) and GF
109203X (107% M), a specific ROCK and PKC inhibitor, respectively, reduced contractions evoked by carbachol (~ 18
and ~ 24% respectively), and the inhibitory effect of Y-27632 and GF 109203X on contractions was reversed by PAG (~29
and ~ 19%, respectively) but not by AOAA. Also, Y-27632 and GF 109203X reduced the inhibitory responses of L-cysteine
on the carbachol-induced contractions (~ 38 and ~ 52% respectively), and PAG abolished the inhibitory effect of L-cysteine
on the contractions in the presence of Y-27632 (~38%). Also, the protein expressions of CSE, CBS, and 3-MST enzymes
responsible for endogenous H,S synthesis were detected by Western blot method. H,S level was increased by L-cysteine,
Y-27632, and GF 109203X (from 0.12+0.02 to 0.47 +0.13, 0.26 +0.03, and 0.23 +0.06 nmol/mg respectively), and this
augmentation in H,S level decreased with PAG (0.17+0.02, 0.15 +0.03, and 0.07 - 0.04 nmol/mg respectively). Furthermore,
L-cysteine and NaHS reduced carbachol-induced ROCK-1, pMYPT1, and pMLC20 levels. Inhibitory effects of L-cysteine
on ROCK-1, pMYPT1, and pMLC20 levels, but not of NaHS, were reversed by PAG. These results suggest that there is
an interaction between L-cysteine/H,S and RhoA/ROCK pathway via inhibition of ROCK-1, pMYPT1, and pMLC20, and
the inhibition of RhoA/ROCK and/or PKC signal pathway may be mediated by the CSE-generated H,S in mouse bladder.
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Introduction

The contraction of detrusor smooth muscle is coordinated
by several receptors and signaling pathways (Andersson and
Hedlund 2002; Andersson, and Arner 2004). The alterations
in intracellular free calcium [C212+]I influence the myosin light
chain kinase (MLCK) activity, which causes phosphorylation
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of the myosin light chains (MLC) and regulates the tone of
urinary bladder smooth muscle (Fry et al. 2010). Myosin
light chain phosphatase (MLCP) reverses the phosphoryla-
tion of MLC, and changes of MLCP activity has been defined
as essential regulatory mechanism (Stull et al. 1991). The
phosphorylation range of MLC is regulated by the rate of
MLCK to MLCP activities (Somlyo et al. 1999). It has been
shown that intracellular [Ca>*]--independent pathways con-
tribute to the smooth muscle contraction (Somlyo and Som-
lyo 1998; Uehata et al. 1997; Kawano et al. 2002). Previous
studies reported that several pathways which directly inhibit
MLCP may augment the contraction without a corresponding
increase in [Ca2+]i. This mechanism is defined as “Ca’* sen-
sitization” (Chiba and Misawa 2004), and RhoA/Rho-kinase
(ROCK) and protein kinase C (PKC) are accepted as two
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major regulating pathways for Ca** sensitivity by MLCP inhi-
bition (Somlyo and Somlyo 2003). Also, Ca**sensitization
has been shown in the urinary bladder smooth muscle by
various studies (Durlu-Kandilci and Brading 2006; Taka-
hashi et al. 2004; Wibberley et al. 2003). RhoA/ROCK and
PKC pathways exist in bladder smooth muscle and modu-
late Ca**sensitivity in the detrusor activated after receptor
stimulation (Wibberley et al. 2003; Jezior et al. 2001; Boberg
et al. 2012; Anjum 2018; Teixeira et al. 2007). Several studies
reported that PKC plays a role in the coordination of ordi-
nary bladder function and that dysfunction of PKC pathway is
associated with detrusor over activity, decreased contractility,
and attenuated void volume (Hypolite and Malykhina 2015).
Besides this, stimulation of G protein-coupled muscarinic M,
and M; receptors with carbachol produces urinary bladder
smooth muscle contraction (Uchiyama and Chess-Williams
2004; Yamaguchi et al. 1996; Mimata et al. 1997; Frazier
et al. 2008).

H,S, a gaseous transmitter, has many physiologi-
cal effects such as mediating smooth muscle relaxation
(Dunn et al. 2016), regulating blood pressure (Yang et al.
2008), preventing acute myocardial infarction (Wang
et al. 2010), and regulating renin activity and insulin
release (Wu et al. 2009). The relaxant effect of H,S has
been reported in several smooth muscles including corpus
cavernosum, vascular tissues, and gastrointestinal tissues
(Cheng et al. 2004; Dhaese and Lefebvre 2009; Aydino-
glu and Ogulener 2016). Also, H,S is synthesized in the
bladder tissue of various species, including humans, and
endogenous H,S is thought to play a role in the regulation
of bladder smooth muscle tone and pathological function
of the bladder such as overactive bladder (Gai et al. 2013;
Fusco et al. 2012). It has been shown that H,S is produced
endogenously in mouse, rat, pig and human bladder and
plays a role in the regulation of bladder smooth mus-
cle (Fusco et al. 2012; Fernandes et al 2013a, b, 2014;
Zou et al. 2018). H,S is endogenously synthesized by
cystathionine-gamma-lyase (CSE), cystathionine-beta
synthase (CBS), and 3-mercaptopurivate sulfur trans-
ferase (3-MST) (Kimura 2011; Abe and Kimura 1996).
Expressions of CSE, CBS, and 3-MST were shown in rat
(Zou et al. 2018), guinea pig (Fernandes et al. 2014), and
human bladder tissues (Fusco et al. 2012). Recently, it has
been reported the contribution of Rho-dependent pathway
to H,S-induced relaxation in mouse, rabbit, and human
colonic smooth muscle (Nalli et al. 2017), rat mesenteric
artery (Hedegaard et al. 2016), mice basilar artery (Wen
et al. 2019), mouse gastric fundus (Dhaese and Lefebvre
2009), mouse corpus cavernosum (Aydinoglu et al. 2019),
bovine retinal arteries (Semiz et al. 2020), and rabbit gas-
tric smooth muscle cells (Nalli et al. 2015). In addition,
H,S has been demonstrated to activate PKCa, PKCe, and
PKCj in cardiomyocytes (Pan et al. 2008).
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Regardless, the role of RhoA/ROCK/PKC pathway in
H,S-induced relaxation in bladder smooth muscle has not
been investigated, and to our knowledge, there is no study
about the interaction between L-cysteine/H,S and RhoA/
ROCK/PKC pathway on agonist-mediated contraction in
bladder tissue. Therefore, in the present study, we investi-
gated the role of RhoA/ROCK and PKC in the inhibitory
effect of L-cysteine/H,S pathway on the carbachol-induced
contraction of mouse bladder smooth muscle. As far as we
know, this is the first report of contribution of ROCK and
PKC to inhibitory effect of H,S in the urinary bladder. Our
main findings suggest that there is an interaction between
L-cysteine/H,S and the RhoA/ROCK/PKC pathway, and
the interaction mainly occurs through the CSE-generated
H,S in the mouse bladder tissues.

Materials and methods
Chemicals

The following drugs were used; amino-oxyacetic acid
(o-carboxymethyl), dl-propargylglycine, carbachol chlo-
ride, L-cysteine, sodium hydrosulphide hydrate (Sigma
Chemical Co., St Louis, MO, USA), trans-4-[(1R)-1-
aminoethyl]-N-4-pyridinyl cyclohexane carboxamide dihy-
drochloride (Y-27632), and 2-[1-(3-dimethylaminopro-
pyl)indol-3-yl1]-3-(indol-3-yl) maleimide (GF 109203X)
(TOCRIS, Bristol, UK). The stock solutions of GF
109203X were prepared in dimethyl sulfoxide (DMSO).
DMSO per se did not affect the tone of the strips. All
other drugs were dissolved in distilled water. NaHS was
prepared fresh before each experiment and kept on ice.

Animals

Male Swiss albino mice were obtained from Cukurova
University Health Sciences Application and Research
Center. Male Swiss albino mice weighing 20-25 g were
used in these experiments. Mice were kept under environ-
mental conditions (12 h light/darkness cycles) and allowed
free access to food and water. Protocols were conducted in
accordance with national and international guidelines for
the care and use of laboratory animals and approved by the
Institutional Animal Care and Use Committee of Cukurova
University and given the approval number 4/3/08.07.2019.

Experimental protocol

The experimental procedures detailed below are summa-
rized in flow chart (Fig. 1).
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Fig. 1 The schematic represen-
tation of the experiments
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Functional studies

Mice were killed by stunning and cervical dislocation. The
bladder tissue was carefully removed. Strips (0.5 mm wide
and 4-5 mm long) from the midportion of the urinary blad-
der were mounted under 9.80 mN tension in an (5 ml) organ
bath filled with Krebs solution (in mM: NaCI 118.1, KCI
4.7, CaCI2 2.5, MgCI,6H20 1.2, KH,PO, 1.2, NaHCO3

— GF-109203x (10% M)

L GF-109203x (104 M) + PAG (102 M)

25, and glucose 11.5). The bath medium was maintained at
37 °C and gassed with a mixture of 95% O, and 5% CO, at
pH 7.4. Muscle strips were allowed to equilibrate for 60 min,
during which the medium was changed every 15 min.
Changes in muscle length were recorded isometrically via
an isometric transducer (MP35).

After the equilibration period of 60 min, isolated mouse
bladder strips were pre-contracted with isotonic 60 mM KCl
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to determine contractile ability of the strips. The tissues were
then washed out with Krebs solution, and tissues were left
in re-equilibration for 30 min. After this period, the cumula-
tive carbachol (1078-10~* M) concentration—response curve
was obtained. After the first series of cumulative contractile
responses was obtained with carbachol, the tissues were left
in equilibration for 30 min and the second series of cumu-
lative response curve was obtained with carbachol. Also,
a third series of carbachol cumulative response curve was
similarly obtained from the same tissue. Thus, the tissues
were standardized by repeated contractions with carbachol.

To investigate the effect of L-cysteine/H,S pathway on
contractile response induced by carbachol in mouse bladder
strips, concentration—response curve to carbachol was stud-
ied in the presence of L-cysteine (precursor of H,S; 1072 M).
In this set of experiments, after the second series of contrac-
tile responses to cumulative carbachol (107%-107* M) was
obtained, the tissues were washed and incubated for 30 min
with L-cysteine (10~ 2 M), and the third series of cumulative
response curve was obtained with carbachol. In addition,
the effect of H,S donor NaHS (exogenous H,S; 107 M)
on carbachol-induced conractile responses were studied in
the same manner. In some experiments, to clarify the role
of endogenous H,S production in the inhibitory effect of
L-cysteine on the carbachol-induced contractions, the effects
of propargylglycine (PAG, 1072 M; a non-competitive cys-
tathionine-gamma-lyase inhibitor) and amino-oxyacetic
acid (AOAA, 1073 M; a cystathionine-B-synthetase inhibi-
tor) were investigated on the carbachol-induced contractile
responses in the presence of L-cysteine. After the second
series of contractile response to carbachol was obtained, the
tissue was incubated in a medium containing PAG (1072 M)
or AOAA (1073 M) for 30 min with L-cysteine, and the
response to carbachol was repeated. Furthermore, we stud-
ied the effects of H,S enzyme inhibitors PAG (1072 M) and
AOAA (1072 M) on the carbachol-induced contractions
alone in the same manner.

To assess the involvement of RhoA/ROCK pathway in
the contractile responses to carbachol, the effect of specific
ROCK enzyme inhibitor (R)-(+)-trans-N-(4-pyridyl)-4-(1-
aminoethyl)-cyclohexane carboxamide (Y-27632; 107 M)
on cumulative carbachol (1078~10* M)-induced contrac-
tions was investigated. In this group of experiments, after the
second series of cumulative contraction responses to carba-
chol was obtained, tissues were washed and incubated with
107% M Y-27632 for 30 min, and the third series of carbachol
cumulative response curves was obtained. The contribution
of H,S/L-cysteine to the inhibitory effect of Y-27632 on
carbachol-induced contractions was studied in the presence
of PAG and AOAA in bladder strips. With this purpose, after
the second series of contractile responses to carbachol was
obtained cumulatively (1078-10"* M), tissues were washed
and incubated with PAG (1072 M) plus Y-27632 (10~ M)
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or AOAA (107 M) plus Y-27632 (10~° M) for 30 min, and
then contractile responses to carbachol were obtained in the
same manner. Also, to investigate the interaction between
H,S/L-cysteine and RhoA/ROCK pathway in mouse blad-
der smooth muscle, L-cysteine (1072 M) was added to bath
medium and then contractile responses to carbachol were
obtained in the same manner in the presence of Y-27632
(107° M). In some experiments, the effect of Y-27632 on
the inhibitory effect of L-cysteine on the carbachol-induced
contractions was investigated in the presence of H,S enzyme
inhibitors PAG and AOAA in mice bladder strips. Further-
more, the role of RhoA/ROCK in the inhibitory effect of
NaHS was studied in the same manner.

In the other sets of experiments, to investigate the contri-
bution of protein kinase C (PKC) to both carbachol-induced
contractions and the inhibitory effect of L-cysteine on con-
tractions, we studied the effects of GF 109203X (107° M) on
carbachol-induced contractions in the presence of L-cysteine
or PAG in bladder strips in the same way.

Measurement of endogenous H,S release in mouse
bladder strips

H,S production in bladder tissue samples was determined
with a commercially available H,S colorimetric assay kit
(Elabscience Biotechnology Co., Ltd., Wuhan, China)
through the reaction between H,S and zinc acetate, N,
N-dimethyl-p-phenylenediamine, and ammonium ferric
sulfate. Protein concentration was determined by using
a bicinchoninic acid assay kit (Sigma Chemical Co., St.
Luis, MO, USA). Bladder tissues were homogenized in
extraction solution and centrifuged for 10 min at 4 °C at
10.000 x g, and the supernatant was collected. The superna-
tant solution was mixed with an equal volume of reagents 1
and 2. After centrifugation, the sediment was dissolved in
reagents 1, 3, and 4. The supernatant obtained after centrif-
ugation was mixed with reagent 5. The absorbance of solu-
tions was measured after 20 min at a wavelength of 665 nm
and H,S concentrations in bladder tissues, expressed as
nmol/mg protein.

Expression of CSE, CBS, and 3-MST in mouse bladder

CSE, CBS, and 3-MST protein expressions of mice blad-
der were determined by Western blot analysis. Tissues were
immediately frozen by liquid nitrogen and stored at — 20 °C.
For the homogenization, tissues were weighed (almost
15 mg) and diluted in ice cold RIPA buffer system contain-
ing Halt protease inhibitor. Tissues were homogenized by
Bandelin Sonopuls HD Ultrasonic Homogeniser (D-12207,
Germany). Homogenates were centrifuged 14,000 rpm
for 15 min and at 4 °C. Following centrifugation, protein
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concentrations of supernatants were measured by the Brad-
ford method and supernatants were stored at —20 °C.
Proteins from bladder tissues were obtained and boiled in
the presence of Laemmli gel loading buffer containing SDS
and B-mercaptoethanol as reducing agents at pH 6.8 and kept
at—20 °C until use. Proteins were separated in a 10% SDS-
PAGE gel containing a 4% stacking gel, under denaturing
conditions at 100 V for 1 h and 40 min at room tempera-
ture. Proteins in the gel were then transferred to a PVDF
membrane (Millipore), which was previously rehydrated in
methanol and equilibrated with transfer buffer. Then a sand-
wich cassette was prepared according to the manufacturer’s
(Bio-Rad) instructions, and proteins were electro blotted on
to the PVDF membrane for 1 h and 30 min at 4 °C. After
transfer, the membrane was briefly washed with phosphate-
buffered saline (PBS) solution containing 1% Tween-20. The
blots were then blocked for 1 h with 5% nonfat dry milk in
PBS and constantly agitated and incubated with the follow-
ing primary antibodies: CSE (dilution 1:1000, ab151769,
RRID: AB_2861405), CBS (dilution 1:500, ab135626,
RRID: AB_2814659), 3-MST (dilution 1:5000, sc374326,
RRID: AB_10986129), and beta-actin (dilution1:1000, CST-
4967S, RRID: AB_330288) overnight at+4 °C. The mem-
branes were washed three times for 10 min each with PBS-T
and incubated with a horseradish peroxidase-conjugated sec-
ond antibody (dilution 1:5000; Santa Cruz Biotechnology)
at room temperature for 1 h with constant agitation. After
briefly drying, the membrane was incubated with 3 ml of
HRP ECL substrate mixture (1.5 ml hydrogen peroxide and
1.5 ml enhancer) (Biorad) and incubated for 1 min at room
temperature. The membranes were wrapped with stretch
film and placed in Chemi Doc MP (Bio-rad) for 1-10 min.
The bands were quantified using the Image J program. The
protein expression was normalized to the f-actin content.

Measurement of ROCK, phosphorylated MYPT1,
and MLC20

To evaluate the contribution of ROCK, MYPT1, and
MLC20 in L-cysteine-induced inhibitory effect on contrac-
tile responses to carbachol, the expression of the ROCK-
1, phosphorylated MYPT1, and MLC20 was studied by
the Western blot method. The isolated preparations were
incubated in the organ baths under the same conditions as
in tension recording experiments (Krebs solution at 37 °C
under a stream of 5% CO, and 95% O,). Some of the tis-
sues were treated with the drugs; some were not to serve
as control specimens. Tissues were pre-incubated with
L-cysteine (1072 M; 30 min), NaHS (1073; 5 min), PAG
(1072 M; 60 min) plus L-cysteine (1072 M; 30 min), and
PAG (1072 M; 60 min) plus NaHS (10~ M; 5 min). After-
ward, carbachol (10_4 M, 4 min) was added to the bath
medium, and the tissues were frozen in liquid nitrogen.

Tissues that had been frozen were homogenized in ice-cold
RIPA buffer system containing Halt protease inhibitor by
Bandelin Sonopuls HD Ultrasonic Homogeniser (D-12207,
Germany), and total protein content was measured by the
Bradford method as mentioned above. Proteins from bladder
tissues were obtained and boiled in the presence of Laemmli
gel loading buffer containing SDS and B-mercaptoethanol
as reducing agents at pH 6.8 and kept at — 20 °C until ready
for use. Proteins were separated in a 10% SDS-PAGE gel
containing a 4% stacking gel, under denaturing conditions
at 100 V for 1 h and 40 min at room temperature. Proteins
in the gel were then transferred to a PVDF membrane (Mil-
lipore), which was previously rehydrated in methanol and
equilibrated with transfer buffer. Then, a sandwich cassette
was prepared according to the manufacturer’s (Bio-Rad)
instructions, and proteins were electro-blotted onto the
PVDF membrane for 1 h and 30 min at 4 °C. After transfer,
the membrane was briefly washed with Tris-buffered saline
(TBS) containing 1% Tween-20. Bovine serum albumin
(BSA) at concentration 5% was used in the wash buffer as
a blocking agent. Membranes were blocked for 1 h at room
temperature with gentle and constant agitation and incu-
bated with primary antibodies ROCK-1 (dilution 1:1000,
AF7016, RRID: AB_2835321), pMYPT1 (dilution 1:500,
CST-5163S, RRID: AB_10691830), pMLC20 (dilution
1:500, 3671S, RRID:AB_330248), and beta-actin (dilu-
tion 1:1000, CST-4967S, RRID: AB_330288) overnight.
The membranes were washed three times for 10 min each
with TBS-T and incubated with a horseradish peroxidase-
conjugated second antibody (dilution 1:5000; Santa Cruz
Biotechnology) at room temperature for 1 h with constant
agitation. After briefly drying, the membrane was incubated
with 3 ml of HRP ECL substrate mixture (1.5 ml hydrogen
peroxide and 1.5 ml enhancer) (Bio-rad) and incubated for
1 min at room temperature. The membranes were wrapped
with stretch film and placed in ChemiDoc MP (Bio-rad) for
1-10 min. The bands were quantified using the Image J pro-
gram. The protein expression was normalized to the B-actin
content.

Statistical analysis

Contractile activity of muscle strips was calculated as
maximum force generated in response to carbachol, and
the effect of L-cysteine or NaHS was calculated as percent
decrease in maximum contraction. The contractile responses
to cumulative carbachol were expressed as “mg,” and the
maximum contraction of second series carbachol was con-
sidered 100 (A). Third series of carbachol contraction (B)
was calculated as a percentage of maximal carbachol con-
traction induced by second series. Emax was expressed as
the maximum contraction achieved by the third series of
carbachol (C) (C:Bx100/A). The sensitivities of the bladder
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strip to carbachol were calculated as the effective concen-
tration that elicits 50% of the maximal response by using
nonlinear regression curve fit and expressed as pEC50 (—log
M) (GraphPAD Software, version 5.00, San Diego, USA).
Data are presented as “mean + SD” while “n” is the num-
ber of bladder strips isolated from different animals. The
“null” hypothesis was determined as there was no differ-
ence between % contractile response of groups. For testing
of this hypothesis, statistically analysis was performed by
one-way ANOVA, paired and unpaired ¢-tests. Also, one-
way ANOVA was corrected by post hoc Bonferroni test.
A P-value less than 0.05 was considered statistically sig-
nificant. The null hypothesis was rejected at P <0.05. As
statistical analyses included group sizes partly below n=25
and due to the explorative study design, presented p-values
need to be considered preliminary and purely descriptive.

Results

Effect of L-cysteine/H,S pathway
on carbachol-induced contractions

Carbachol, muscarinic receptor agonist, caused sus-
tained contraction in concentration-dependent manner
(107-107* M) in isolated mouse bladder strips. There was

Fig.2 Contractile response to a
muscarinic receptor agonist
carbachol in mouse bladder
tissues. Representative trace

Pre-incubation

and the cumulative concen- ? I ;’ y
tration—response curve to g f L) N
carbachol (1078-107* M) (a, ol T
b). All values are mean + SD. /i
(n=4-6). *P<0.05 significantly il
different from E,_,, of 1st series; -y
one-way ANOVA and paired
t-test followed by Bonferroni’s W
comparison test meM s N,,«waf”' f
a wo'm ¥10° 10
Carbachol (M)
b 1201
c
o
43 804
i
e
c
3 401
X
o -

a difference between first and second contractile responses
to carbachol but not between second and third series contrac-
tions (Fig. 2 a and b).
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expressed as a percentage of the maximal contractile response
to second series of cumulative carbachol. To elucidate the
inhibitory effect of endogenous and exogenous H,S on carba-
chol-induced contractions of mouse bladder strips, the effects
of L-cysteine (an endogenous H,S precursor) and NaHS
(exogenous H,S) were studied. Pre-treatment with L-cysteine
(1072 M) and NaHS (10~ M) significantly reduced con-
tractile responses to carbachol from 77.63 +10.70% to
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Fig.3 The effect of L-cysteine/ H,S pathway on the carbachol-
induced contractions in mouse bladder tissues. Representative trace
and the cumulative concentration-response curve to carbachol
(1078-107* M) in the absence (control) or presence of L-cysteine
(1072 M) or NaHS (107> M) (a, b). Representative traces and the
cumulative concentration-response curve to carbachol (1078-10* M)
in the absence or presence of L-cysteine (1072 M) or L-cysteine

Table1 The effect of L-cysteine/H,S pathway on the pEC50 and

E, .. values obtained from contractile responses to carbachol in
mouse bladder strips

PEC50 E i (%)
Control 57+1.22 77.63+£10.70
L-cysteine 5.55+2.16 39.85+5.90*
NaHS 5.70+£2.46 36.24 +12.40%*
PAG 5.80+£1.38 80.74+11.20
AOAA 5.73+£1.55 81.77+13.10
L-cysteine +PAG 5.83+1.71 55.78 +12.80%
L-cysteine + AOAA 5.47+2.01 61.90+16.60*

Data represent mean+SD for pEC50 and E

cantly different from E,
different from E,

max

max

max*

*P<0.05 signifi-
of control group and *P <0.05 significantly
of L-cysteine group by one-way analysis of vari-

ance (ANOVA) and unpaired #-test corrected from multiple compari-
sons (Bonferroni corrections)

-9 -8 -7 -6 -5 -4 -3
log [Carbachol]

(1072 M) plus PAG (1072 M) (c, d) or L-cysteine (1072 M) plus
AOAA (1073 M) (e, f). Responses are expressed as a percent-
age of the response evoked by carbachol. All values are mean=+SD
(n=4-6)."P<0.05 significantly different from E,,,, of control group;
# P<0.05 significantly different from E,,, of L-cysteine group; one-
way ANOVA and unpaired #-test followed by Bonferroni’s compari-
son test

(1072 M) alone did not affect contractile response to carba-
chol compared to the control group (Fig. 3d and f), suggest-
ing that basal endogenous H,S has no effect on carbachol-
induced contractile responses.

Also, in order to determine L-cysteine/H,S pathway in
mouse bladder tissue, the protein expression of CBS, CSE,
and MST which enzymes responsible for endogenous H,S
synthesis from L-cysteine was identified by using Western
blotting methods (Fig. 4), supporting that H,S can be pro-
duced endogenously in the mouse bladder tissue.

The role of ROCK in the inhibitory effect
of L-cysteine/H,S on carbachol-induced contractions

To clarify the contribution of RhoA/ROCK pathway to
the contractile responses to carbachol, we studied the
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Fig.4 The existence of CBS, CSE, and MST in mouse bladder tis-
sues. Representative image of Western blot analysis showing the
expression of CBS, CSE, MST, and f-actin. The graph shows the
relative protein expression levels of CBS, CSE, MST, and versus

effects of Y-27632 on contractions evoked by carbachol.
Pre-treatment with Y-27632 (107% M) reduced contractile
responses induced by carbachol in mouse bladder strips from
77.63+10.70 to 63.45+11.00% (Fig. 5a and b). Maximum
contractile responses to carbachol (E,,,,,) but not pEC50 val-
ues were reduced in the presence of Y-27632 (Table 2). To
determine the contribution of endogenous H,S to the inhibi-
tory effect of Y-27632 on carbachol-induced contractions,
we investigated the effects of PAG and AOAA on the inhibi-
tory responses of Y-27632 on contractions to carbachol. The
inhibitory effect of Y-27632 (10_6 M) on contractions to

Fig.5 The role of ROCK on a
the carbachol induced in mouse

bladder tissues. Representa- —
tive trace and the cumulative i
concentration—response curve A
to carbachol (107°-107* M) /10"
in the absence or presence of /
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(n=4-6)."P<0.05 significantly o ke 1 ano?
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group; one-way ANOVA and

unpaired #-test followed by Bon-

ferroni’s comparison test
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carbachol was reversed by pre-treatment with 107> M PAG
from 63.45+ 11.00 to 81.81 +8.30% but not with 107> M
AOAA (69.80+12.20%) (Fig. 5a and b). Maximum contrac-
tile responses (E,,,,) to carbachol were increased by PAG in
the presence of Y-27632 (Table 2).

To clarify the contribution of ROCK pathway to the
inhibitory effect of endogenous and exogenous H,S on
carbachol-induced contractions in mouse bladder strips, we
studied the effects of Y-27632 on the inhibition of L-cysteine
and NaHS on contractions to carbachol. Y-27632 (1079) par-

tially altered the inhibitory responses of L-cysteine (107> M)
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Table2 The effect of L-cysteine/H,S pathway on the pEC50 and
E, .« values of carbachol obtained from mouse bladder strips in the

absence and presence of Y-27632 and GF-109203x

PECS0E, . (%)

Control 571+1.22 77.63+10.70
L-cysteine 5.55+2.16 39.85+5.90*
NaHS 5.70+2.46 36.40+12.40%
Y-27632 5.67+1.39 63.45+11.00%
Y-27632+PAG 571x1.14 81.81+8.30%
Y-27632+ AOAA 5.57+1.42 69.80+12.20
L-cysteine + Y-27632 5.58+1.65 55.01+ 13.90*
NaHS +Y-27632 5.69+1.93 40.03+10.50
L-cysteine + Y-27632 + PAG 5.68+1.62 76.16+16.30
L-cysteine + Y-27632 + AOAA 5.70+2.46 51.49+13.60
GF-109203x 5.57+1.31 58.99+6.20*

GF-109203x + PAG 5.56+1.08 70.25+7.30

L-cysteine + GF-109203x 5.76+2.10 60.50 + 13.60*

Data represent mean+SD for pEC50 and E,

max- P <0.05 signifi-
cantly different from E,,, of control group; TP<0.05 significantly
different from E,

ax OF Y-27632 group; P <0.05 significantly differ-
ent from E_,, of L-cysteine group by analysis of variance one-way
ANOVA and unpaired r-test corrected from multiple comparisons
(Bonferroni corrections)

from 39.85+5.90 to 55.01 + 13.90% but not NaHS (10> M)
from 36.24 +12.40 to 40.03 +10.50% on the carbachol-
induced contractions (Fig. 6 a—d). Maximum contractile
responses (£, ,.) to carbachol but not pEC50 values were
increased by Y-27632 compared to L-cysteine (Table 2).
PAG but not AOAA almost prevented the inhibitory effect
of L-cysteine on the contractile responses to carbachol in the
presence of Y-27632 on the carbachol-induced contraction
from 55.01 +£13.90 to 76.16 +16.30 and 51.49 +13.60%,
respectively (Fig. 6 e—g). Maximum contractile responses
(E a0 and pEC50 values to carbachol were not altered com-
pared to the control group (Table 2). The reversal response
induced by PAG in the presence of Y-27623 was greater than
that of L-cysteine plus PAG.

The contribution of PKC to the inhibitory effect
of L-cysteine/H,S on carbachol-induced contractions

To investigate the contribution of PKC pathway to the con-
tractile responses to carbachol in mouse bladder strips, we
studied the effects of GF 109203X, a specific PKC inhibi-
tor, on contractions to carbachol. Pre-treatment with GF
109203X (107% M) reduced contractile responses induced
by carbachol in mouse bladder strips from 77.63 +10.70 to
58.99 +6.20 (Fig. 7a and b). Maximum contractile responses
to carbachol (E,,,,) but not pEC50 values were reduced in

the presence of GF 109203X (Table 2). To determine the
contribution of endogenous H,S to the inhibitory effect

of GF 109203X on carbachol-induced contractions, we
investigated the effects of PAG (1072 M) on the inhibitory
responses of GF 109203X on contractions to carbachol. The
inhibitory effect of GF 109203X (107% M) on contractions
to carbachol was reversed by pretreatment with PAG from
t0 58.99+6.20 to 70.25 +7.30% (Fig. 7a and b). Maximum
contractile responses (E,,,) and pEC50 values to carbachol
were not altered compared to GF-109203 (Table 2).

To clarify the contribution of PKC pathway to the inhibi-
tory effect of endogenous H,S on carbachol-induced con-
tractions in mouse bladder strips, we studied the effects of
GF 109203X (10_6 M) on the inhibition of L-cysteine on
contractions to carbachol. The inhibitory effect of L-cysteine
on contractile responses induced by carbachol was reversed
by GF 109203X from 39.85+5.90 to 60.50 +13.60%
(Fig. 7c and d). Maximum contractile responses (E,,,,) but
not pECS50 values to carbachol were significantly increased
compared to L-cysteine (Table 2).

The effect of ROCK and PKC inhibition on H,S
generation

We studied the effects of Y27632 and GF 109203X, spe-
cific ROCK and PKC inhibitors, respectively, on the
H2S generation. Mouse bladder tissue generated detect-
able amounts of basal H,S (0.12+0.02 nmol/mg). CSE
inhibitor PAG (1072 M) reduced the increase in H,S pro-
duction stimulated with L-cysteine from 0.47 +0.13 to
0.17 +0.02 nmol/mg, suggesting that mouse bladder tissue is
capable of synthesizing H,S from L-cysteine. Y-27632 and
GF 109203X increased basal H,S generation (0.26 +0.03
and 0.23 +0.06 nmol/mg, respectively), and PAG (1072 M)
reduced the increase in H,S production in the presence of
Y27632 and GF 109203X (0.15+0.03 and 0.07 +0.04 nmol/
mg, respectively; Fig. 8), suggesting the interaction between
H,S and the RhoA/ ROCK and PKC pathway, and the inter-
action mainly occurs through the CSE enzyme in the mouse
bladder tissues.

The effect of L-cysteine/H,S pathway on ROCK1

To determine whether the inhibitory effect of CSE-produced
H,S on carbachol-induced contractions is associated with
RhoA/ROCK pathway, ROCKI1 protein was studied with
Western blot method. Treatment of bladder tissues for 4 min
with carbachol (107* M) caused an increase in ROCK1 level
compared to control. Addition of L-cysteine (107> M) or
NaHS (1073 M) reduced the carbachol-increased ROCK 1
level (Fig. 8), and CSE inhibitor PAG (1072 M) increased
the ROCK1 level in the presence of L-cysteine but not NaHS
(Fig. 9).
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Fig. 6 The role of ROCK in the inhibitory effect of L-cysteine/
H,S on carbachol-induced contractions in mouse bladder tissues.
Representative traces and the cumulative concentration—response
curve to carbachol (107% —=10™* M) in the absence and presence
of L-cysteine (107> M) and L-cysteine (1072 M) plus Y-27632
(10® M) (a, b) and NaHS (10~ M), NaHS (107> M) plus
Y-27632 (107% M) (c, d). Representative traces and the cumula-
tive concentration-response curve to carbachol (107%-10* M)
in the presence of L-cysteine (1072 M), L-cysteine (1072 M)

The effect of L-cysteine/H,S pathway on pMYPT1
and pMLC20 levels

It has been shown that activation of ROCK and PKC leads
to inhibition of MLC20 phosphatase activity via phospho-
rylation of MYPT1 at Thr%®. The pMLC20 and pMYTP1
levels increased in carbachol-treatment tissues compared
to the control (Fig. 10 a—c). To investigate that the inhibi-
tory effect of H,S on muscle contraction is mediated via
inhibition of pMLC20 and pMYTP-1, we next measured
levels of MLC20 and MYPT1 phosphorylation in the pres-
ence of L-cysteine and NaHS. Consistent with inhibition of
ROCK]1, endogenous (L-cysteine; 1072 M) and exogenous
H,S (NaHS; 1073 M) caused decrease of carbachol-induced
phosphorylation of MLC20 and MYPT1 (Fig. 10 a—), and
L-cysteine-induced inhibition of pMLC20 and pMYPT1
levels was reversed in the presence of PAG (1072 M) in
bladder strips (Fig. 10 a—c). PAG increased the carbachol-
induced phosphorylation of MLC20 but not of pMYPT]1
(Fig. 10a—c).
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plus Y-27632 (10~® M), or L-cysteine (1072 M) plus Y-27632
(107° M) plus PAG (1072 M) (e, f) or L-cysteine (1072 M) plus
Y-27632 (107° M) plus AOAA (1073 M) (g). All values are
mean +SD. (n=4-6)."P <0.05 significantly different from E,,,,
of control group; *P<0.05 significantly different from E,, of
L-cysteine group; one-way ANOVA and unpaired #-test followed
by Bonferroni’s comparison test.“P <0.05 significantly different
from E,_,, of L-cysteine plus Y-276322 group; one-way ANOVA
followed by Bonferroni’s comparison test

Discussion

In the present study, we investigated the role of RhoA/
ROCK and PKC in the inhibitory effect of L-cysteine/H,S
pathway on the carbachol-mediated contraction of mouse
bladder smooth muscle. Our main findings suggest that there
is an interaction between L-cysteine/H,S and RhoA/ROCK
pathway via inhibition of ROCK-1, pMYPT1, and pMLC20,
and the inhibition of RhoA/ROCK and/or PKC signal path-
way may be mediated by the CSE-generated H,S in mouse
bladder.

Expressions of CSE, CBS, and 3-MST enzymes and
L-cysteine-mediated H,S production were shown in rat,
guinea pig, and human bladder tissues (Gai et al. 2013; Fer-
nandes et al. 2013a, b; Zou et al. 2018). Matsunami et al.
(2012) demonstrated that CSE is the responsible enzyme
for endogenous H,S synthesis in mouse bladder, but Wang
et al. (2018) showed that CBS and CSE enzymes are pre-
sent in bladder tissue. In the present study, we determined
protein expressions of CSE, CBS, and 3-MST enzymes by
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Fig.7 The role of PKC in the inhibitory effect of L-cysteine/
H,S on carbachol-induced contractions in mouse bladder tis-
sues. Representative traces and the cumulative concentration—
response curve to carbachol (107-107* M) in the absence and
presence of GF-109203x (107® M) or GF-109203x (107°® M)
plus PAG (1072 M) (a, b). Representative traces and the cumula-
tive concentration—response curve to carbachol (107-10™* M) in
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the absence and presence of L-cysteine (1072 M) and L-cysteine
(1072 M) plus GF-109203x (107 M) (c, d). All values are
mean+SD (n=4-6)."P<0.05 significantly different from E_,,
of control group;*P<0.05 significantly different from E,,, of
GF-109203 x group; *P<0.05 significantly different from E,,,
of L-cysteine plus GF-109203 X group; one-way ANOVA and
unpaired 7-test followed by Bonferroni’s comparison test

Western blot technique in mouse bladder tissue. Our molecu-
lar results are consistent with studies reporting the presence
of endogenous H,S-generating enzymes in mouse bladder
tissue (Matsunami et al. 2012; Wang et al. 2018). In our
study, another piece of evidence supporting these data was
our functional experiment findings on mouse bladder tissue.
We studied the effect of L-cysteine (as precursor for H,S)
and CSE/CBS enzyme inhibitors on carbachol-mediated
contractions of mouse bladder strips. L-cysteine inhibited
contractile responses to carbachol, and this inhibition was
reversed by the PAG (inhibitor of CSE enzyme) and AOAA,
(inhibitor of CBS enzyme), suggesting that these enzymes
are responsible for H,S synthesis in mouse bladder tissue
and that the L-cysteine/H,S pathway is partially responsi-
ble for the inhibition of agonist-mediated bladder smooth
muscle contractions. The present results are consistent with
the human bladder studies that L-cysteine-elicited relaxation
was diminished by PAG and AOAA (Gai et al. 2013; Fusco
et al. 2012). Another finding of ours that corroborates this
supposition is that NaHS (an exogenous H,S donor) inhib-
ited carbachol-induced contractions in a similar way. Also,
we measured H,S levels in bladder tissues to confirm the
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Fig.9 The effect of L-cysteine/H,S pathway on ROCK-1 in mouse
bladder tissue. Representative image of Western blot analysis show-
ing the effect of carbachol (107 M) on ROCK-1 protein in the
absence and presence of L-cysteine (107> M), exogenous H,S
(NaHS; 1073 M), L-cysteine (1072 M) plus PAG (10> M), and NaHS
(1072 M) plus PAG (1072 M). The graph showing the relative protein

production of endogenous H,S by L-cysteine and to evaluate
the possible interaction at the synthesis level. We observed
that bladder tissue released basal H2S, which amounted
to tissue concentration of approximately 0.12 nm/mg, and
L-cysteine increased tissue H,S level around 0.47 nm/
mg, which decreased in the presence of PAG (0.17 nm/
mg). In line with this, H,S enzyme inhibitors also inhib-
ited L-cysteine-induced inhibition on carbachol-induced
contractions but did not affect carbachol contractions alone,
suggesting that the basal H,S level may be insufficient for
inhibitory effectiveness on contractions. Our results are in
agreement with studies showing that bladder smooth muscle
can generate H,S (Fusco et al. 2012; Zou et al. 2018). The
present molecular and functional findings suggest that the
existence of the L-cysteine/H,S pathway and H,S plays a
role in the inhibition of carbachol-mediated contractions in
mouse bladder tissues.

It has been reported that RhoA, ROCK1, ROCK2, and
CPI-17 are expressed in human bladder smooth muscle,
and Ca**sensitization has been demonstrated in carbachol-
mediated contractions (Wibberley et al. 2003). In addition,
ROCKI1 and ROCK2 expressions have been demonstrated
in mouse (Boberg et al. 2012), rat (Wibberley et al.. 2003),
and rabbit (Bing et al. 2003) bladder tissues. Also, Braver-
man et al. (2006) showed that carbachol-mediated contrac-
tion by muscarinic M5 receptors occurs via the ROCK and
PKC pathways in the rat bladder. In the present study, we
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levels of ROCK-1 versus p-actin in mouse bladder. Values were nor-
malized by the intensity of each band relative to the intensity of the
loading control: values of p-actin (1.3, 1.0, 1.0, 1.5, 1.1, 1.0, 1.2, 1.8,
1.5,2.3,1.5,1.7,2.2,2.5, 1.5, 1.0, and 2.0). All values are mean+ SD
(n=2-3). *P<0.05 significantly different from control; *P <0.05 sig-
nificantly different from carbachol; %P < L-cysteine (unpaired #-test)

confirmed the role of the ROCK pathway in carbachol-
induced contractions in mouse bladder muscle. Carbachol-
mediated contractile responses were reduced by Y-27632,
the specific inhibitor of ROCK1 and ROCK?2 (Uehata et al.
1997; Davies et al. 2000). Our results are consistent with that
of mouse and rabbit bladders where Y-27632 inhibited con-
tractions to muscarinic agonists (Boberg et al. 2012). Also,
in rat bladder, Y-27632 diminished carbachol-mediated Ca**
sensitization, indicating a possible role of ROCK (Durlu-
Kandilci and Brading 2006). Also, we obtained that the
ROCK-1, pMLC20, and pMYTPI increased in carbachol-
treatment tissues compared to the control, confirming the
contribution of RhoA/ROCK pathway to carbachol-mediated
Ca”" sensitization and contraction of bladder. This finding
is in agreement with prior reports on human (Takahashiet
al. 2004), mouse (Boberg et al. 2012), and rat (Wibberley
et al. 2003) bladder tissues and indicate the contribution of
the ROCK pathway in carbachol contractions in mouse blad-
der tissue. Our data support the hypothesis that muscarinic
receptor-stimulated contractions of bladder smooth muscle
are regulated by RhoA/ROCK-induced Ca** sensitization.
On the otherhand, our findings suggest an upregulation of
ROCK-1 protein expression by carbachol within 4 min. Cer-
tainly, this needs to be regarded as preliminary, as the time
frame is, in fact, short for a change in protein expression
and the conclusiveness may be limited to small group sizes
or technical reasons at this stage. Similar limitations may
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Fig. 10 The effect of L-cysteine/H,S pathway on pMYPT1 and
pMLC,, levels in mouse bladder tissue. Representative image of
Western blot analysis (a) showing the effect of carbachol (10™* M)
on pMYPT1 and pMLC20 protein levels in the absence and presence
of L-cysteine (1072 M), exogenous H,S (NaHS; 10~* M), L-cysteine
(1072 M) plus PAG (1072 M), and NaHS (10~ M) plus PAG
(1072 M). The graphs showing the relative protein levels of pMYPTI

apply to our other Western blot experiments where group
sizes were small.

To determine the contribution of ROCK pathway to the
inhibitory effect of L-cysteine/H,S pathway on carbachol-
mediated contractions of mouse bladder tissue, we first evalu-
ated the effect of Y-27623 on agonist-mediated contractions
in the presence of PAG or AOAA. The inhibitory effect of
Y-27632 on carbachol contractions was abolished by PAG but
not by AOAA, suggesting that the CSE-produced H,S may
be partially involved in inhibition of the RhoA/ROCK path-
way. Also, we observed that Y27632 reduced the inhibitory
responses of L-cysteine on the carbachol-mediated contrac-
tions and PAG abolished the inhibitory effect of L-cysteine
on the contractile responses to carbachol in the presence of
Y-27632, supporting the idea that CSE-produced H,S inhib-
its RhoA/ROCK pathway in mouse bladder tissues. To our
knowledge, this is the first study of functional finding related
to the effect of Y-27632 on endogenous L-cysteine/H,S path-
way in bladder tissue. Our previous study on mouse corpus
cavernosum demonstrated that Y-27632 almost extinguished
the contractile response to phenylephrine in the presence of
L-cysteine (Aydinoglu et al. 2019). This difference may be
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(b) and pMLC20 (c) versus P-actin in mouse bladder. Values were
normalized by the intensity of each band relative to the intensity of
the loading control: values of p-actin (1.3, 1.0, 1.0, 1.5, 1.1, 1.0, 1.2,
1.8,15,23,15,1.7,2.2,25, 1.5, 1.0, 2.0, 2.0, 1.0, and 1.4) All val-
ues are mean+SD (n=2-3). *P<0.05 significantly different from
control; *P<0.05 significantly different from carbachol; %P <0.05
significantly different from L-cysteine (unpaired -test)

a tissue and contractile agonist discrepancy. On the other
hand, we obtained that the inhibitory effect of NaHS (exog-
enous H,S) on contractions did not change in the presence
of Y-27632, showing that specific ROCK inhibitor Y-27632
interacts with CSE at the synthesis level of H,S. Similarly, it
has been reported that Y-27632 did not affect NaHS responses
in mouse gastric fundus (Dhaese, and Lefebvre 2009)] and
bovine retinal artery (Semiz et al. 2020). Furthermore, we
investigated the ROCK1, pMLC20, and pMYTP1 levels
in the presence of L-cysteine and NaHS. Endogenous and
exogenous H,S decreased carbachol-mediated phosphoryla-
tion of ROCK1, pMLC20, and pMYPT1. Inhibition medi-
ated via L-cysteine but not via NaHS was reversed in the
presence of PAG, suggesting that H,S is produced through
CSE activation from L-cysteine and has led to decrease of
sustained contraction by inhibition of ROCK -induced phos-
phorylation of MLC20 and MYPT1. Similarly, L-cysteine
and NaHS inhibited the carbachol-mediated ROCK activity
and MYPT1 phosphorylation at Thr696, and the inhibitory
effect of L-cysteine was prevented by PAG in the rabbit gas-
tric smooth muscle cells, suggesting that inhibitory effect of
L-cysteine on ROCK /PKC activities and muscle contraction
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was mediated via CSE activation (Nalli et al. 2015). Also,
it has been identified that the CSE knockout mice exhibited
increased ROCK1, ROCK2, and membrane protein MLCI
levels (Jiao et al. 2019). Furthermore, the RhoA activity and
expression of ROCK1/ROCK?2 were significantly increased in
the CSE knockout mice, and this enhancement of the RhoA
activity and ROCK1/ROCK?2 expression was decreased by
NaHS and Y-27632, suggesting that CSE-generated H,S
may inhibit the RhoA/ROCK pathway cerebral artery of
mice (Wen et al. 2019). Also, Nalli et al. (2015) reported that
L-cysteine or NaHS inhibited carbachol-mediated stimulation
of ROCK activity and muscle contraction in colonic muscle
cells from mouse and human, suggesting that H,S causes inhi-
bition of RhoA/ ROCK activities and muscle contraction via
sulfhydration of RhoA. On the other hand, opposing findings
were found in the retinal artery that the mechanism of NaHS-
induced relaxation occurred by decrease of MYPT1-subunit
of MLCP phosphorylation but not inhibition of RhoA/ ROCK
(Semiz et al. 2020). This difference may be arising from dif-
ferent experimental conditions including the type of tissue or
contractile agonist. Another piece of evidence supporting the
interaction between CSE-produced H,S and ROCKpathway
was that ROCK inhibition with Y-27632 enhanced basal H,S
formation compared to the control group, and PAG mark-
edly reduced the augmentation in H,S production in the pres-
ence of Y-27632, suggesting that the interaction between
L-cysteine/H,S and RhoA/ ROCK pathway mainly occurs
through the CSE enzyme in the mouse bladder tissues. There
may be a two-way interaction between ROCK and H,S, such
as ROCK inhibiting H2S production through CSE enzyme
inhibition and H,S causing inhibition on contractions via
upregulation of ROCK. This is the first time the interaction
between L-cysteine/H,S and RhoA/ ROCK pathway has been
demonstrated in bladder tissue.

Furthermore, we studied the role of PKC, another pathway
that contributes to contractions through Ca sensitization, in
the inhibitory effect of L-cysteine/H,S pathway on the car-
bachol-mediated contraction of mouse bladder smooth mus-
cle. In the present study, we showed that pretreatment with
GF 109203X, a specific PKC inhibitor, significantly reduced
contractile responses to carbachol in mouse bladder strips,
confirming that PKC participates in carbachol-induced con-
tractions. Consistent with our finding, it has been reported
that PKC inhibitor GF- 109203X inhibited contractions to
muscarinic agonist in mouse, rat, guinea-pig, rabbit, and
human bladder tissues (Durlu-Kandilci and Brading 2006;
Takahashi et al. 2004; Boberg et al. 2012; Ratz and Miner
2003). In contrast, Fleichman et al. (2004) and Schneider et al.
(2004) demonstrated that bisindolylmaleimide, calphostin C,
and chelerythrine, the PKC inhibitors, did not affect contrac-
tions to carbachol of rat and human bladder, suggesting that
carbachol-induced contraction does not involve PKC. These
differences may be due to use of different PKC inhibitors and/

@ Springer

or experimental conditions such as concentration and spe-
cies. We next investigated whether the PKC pathway is related
to CSE-produced H,S. We first evaluated the effect of GF
109203X, a specific PKC inhibitor, on carbachol-mediated
contractions in the presence of PAG, CSE enzyme inhibitor.
The inhibitory effect of GF 109203X on carbachol contrac-
tions was abolished by PAG, suggesting that the CSE-pro-
duced H,S may be partially involved in inhibition of PKC
pathway. Also, we observed that GF 109203X reduced the
inhibitory responses of L-cysteine on the carbachol-mediated
contractions, supporting that CSE-produced H,S inhibits PKC
pathway in mouse bladder. Furthermore, PKC inhibition with
GF 109203X increased basal H,S formation compared to the
control group, and PAG markedly attenuated the increase in
H,S generation in the presence of GF 109203X, suggesting
that CSE-produced H,S-induced inhibition of bladder con-
tractions to carbachol was partially involved in inhibition of
the PKC in the mouse bladder tissues. Consistent with pre-
sent findings, it has been reported that L-cysteine and NaHS
caused inhibition of carbachol-mediated PKC activity and
phosphorylation of CPI-17 at Thr38, and PAG prevented the
inhibitory effect of L-cysteine on carbachol-mediated PKC
activity, suggesting that NaHS and CSE-induced H,S inhib-
ited the sustained contraction through inhibition of PKC-
mediated phosphorylation of CPI-17 in rabbit gastric mus-
cle cells (Nalli et al. 2015). In contrast, Semiz et al. (2020)
recently demonstrated that calphostin C, a PKC inhibitor, did
not change NaHS-induced relaxations and pCPI-17 protein
levels in bovine retinal artery, suggesting that PKC and CPI-
17 dephosphorylation are not related to NaHS-mediated relax-
ations. There is no available data in the literature to directly
correlate H,S and PKC in bladder smooth muscle.

The underlying molecular targets of H,S in the pathways
that lead to inhibition of Rho- kinase/PKC signaling activity
are not exactly known. Nalli et al. (2017) showed that H,S
inhibits muscle contraction via S-sulfhydration of RhoA and
inhibition of RhoA/ROCK activity in colonic smooth mus-
cle cells (Nalli et al. 2017). In the S-sulthydration process,
hydropersulfide (-SSH) moiety is produced by the addition
of sulfur from H,S to the —SH groups of cysteine residues.
This causes chemical and biological reactivity of proteins to
change. To clarify molecular mechanism of the interaction
between H,S and RhoA/ROCK and/or PKC in bladder tis-
sue, further studies are needed.

In conclusion, these results suggest that there is an inter-
action between L-cysteine/H,S and RhoA/ROCK through
inhibition of ROCK-1, pMYPT1, and pMLC20. Further-
more, the inhibitory mechanism of L-cysteine/H,S on con-
tractions involves, at least in part, the inhibition of RhoA/
ROCK and/or PKC pathway by CSE-generated H,S in
mouse bladder. There may be a two-way interaction between
ROCK/PKC and H2S, such as ROCK/PKC inhibiting H,S
production through CSE enzyme inhibition and H,S causing
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inhibition on contractions via upregulation of ROCK. How-
ever, we cannot exclude the possibility that the other kinases
such as ZIP-kinase and IL-kinase contribute to inhibitory
effect of L-cysteine/H,S pathway on agonist-mediated
smooth muscle contraction. Further studies are needed to
clarify the role of kinases in H,S-induced inhibition.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00210-023-02440-6.
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