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Background: Cilnidipine is a fourth-generation calcium channel blocker that is clinically used to treat 

hypertension. It is a dihydropyridine that blocks L- and N-type calcium channels. The inhibitory effect 

of cilnidipine on isolated detrusor muscle contractility has not been studied. This study investigated the 

inhibitory effect of cilnidipine on isolated caprine (goat) detrusor muscle contractility and the reversal of 

the inhibition by calcium channel openers. 

Methods: Fourteen caprine detrusor strips were made to contract using 80 mM potassium chloride be- 

fore and after addition of three concentrations (20, 40, and 60 μM) of cilnidipine. Two reversal agents, the 

L-type calcium channel opener FPL64716, and the N-type calcium channel opener GV-58, were investi- 

gated for their ability to reverse the inhibitory effect of 40 μM cilnidipine on potassium chloride-induced 

detrusor contractility. 

Results: Cilnidipine caused a dose-dependent and statistically significant inhibition of detrusor contractil- 

ity at all concentrations of cilnidipine used (20, 40, and 60 μM). The inhibitory effect of 40 μM cilnidipine 

on detrusor contractility was significantly reversed by the addition of FPL64716 and GV-58. 

Conclusions: Cilnidipine inhibits the contractility of the isolated detrusor by blocking L- and N-type cal- 

cium channels. Cilnidipine could be evaluated for treating clinical conditions requiring relaxation of the 

detrusor such as overactive bladder. 

© 2023 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Cilnidipine is a relatively new fourth-generation dihyropyridine 

alcium channel blocker (CCB) that is used clinically for the treat- 

ent of hypertension. 1 , 2 Unlike the older dihydropyridine CCBs 

uch as nifedipine, which block mainly the muscle L-type voltage- 

ated calcium channels (VGCC), cilnidipine blocks both L- and neu- 

onal N-type VGCC. 1 , 2 L-type VGCC in smooth muscle myocytes are 

lso termed Cav1.2 channels and N-type VGCC at nerve terminals 

re also termed Cav2.2 channels. 3 , 4 By blocking N-type VGCC, cilni- 

ipine inhibits sympathetic nerve terminal function, thereby exert- 

ng a sympatholytic effect. 1–4 This is believed to contribute to the 

act that cilnidipine is less likely than other dihyropyridine CCBs to 

ause adverse effects such as tachycardia. 2 , 5 , 6 
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Cilnidipine has been shown to inhibit the contractility of var- 

ous isolated smooth muscles such as porcine coronary artery, 7 

at thoracic and tail arteries, 8 canine corpus cavernosum, 9 and 

at lower oesophageal sphincter and aorta. 10 Calcium channels are 

resent in the urinary bladder and are involved in physiological 

egulation of its contractility. 11 , 12 However, to date, the inhibitory 

ffect of cilnidipine on the contractility of isolated detrusor mus- 

le has not been studied. Hence, this study investigated the ability 

f cilnidipine to inhibit the potassium chloride (KCl)-induced con- 

ractility of the isolated caprine (goat) detrusor. Caprine detrusor 

as chosen because of easy availability and because its use has 

een standardized in our laboratory. 13–15 It was believed that the 

ata from such a study could help facilitate the introduction of 

ilnidipine for the treatment of clinical conditions such as overac- 

ive bladder (OAB) requiring detrusor muscle relaxation. OAB is a 

hronic medical condition with a point prevalence of about 16.5% 

nd has a major effect on the quality of life in affected men and 

omen, influencing daily activities and social functions and inter- 

ctions. 16 OAB has been defined as “urinary urgency, usually ac- 

ompanied by frequency and nocturia, with or without urge incon- 
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inence, in the absence of urinary tract infection or other obvious 

athology.”16 

ethods 

issue preparation 

Fourteen caprine urinary bladder samples were obtained from 

 local butcher shop and transported to the pharmacology labo- 

atory in physiological salt solution (PSS). The composition of the 

SS was in millimoles: sodium chloride: 111.5, KCl: 4.6, magnesium 

ulfate: 1.16, sodium phosphate: 1.16, calcium chloride: 2.5, sodium 

icarbonate: 21.9, and glucose: 11.1. In the laboratory, strips of de- 

rusor measuring 10 × 3 mm were cut from the bladder samples 

s done previously in our laboratory. 13–15 , 17 The urothelium was 

emoved by gentle scraping of the strips. The strips were mounted 

n an organ bath containing adequately oxygenated PSS maintained 

t a temperature of 37 °C. A resting tension of 10 mN (about 2.5 

) was applied to the suspended strip. The study was approved by 

ur institutional review board and ethics committee (No. 11706; 

ecember 3, 2018). 

rugs 

KCl was dissolved in double-distilled water to obtain a con- 

entration of 149 mg/mL. KCl aliquot was prepared fresh each 

ay. Cilnidipine (Sigma-Aldrich, St Louis, Missouri) was dissolved 

n dimethyl sulphoxide (DMSO) (Sigma-Aldrich) to give a 5 mg/mL 

tock solution. At concentrations routinely used to dissolve drugs, 

MSO has been previously shown in our laboratory to not signifi- 

antly influence the contractility of the isolated detrusor muscle. 12 

PL64716 (Sigma-Aldrich) was dissolved in DMSO to give a 10 μM 

tock solution. GV-58 (Santa Cruz Biotechnology, Dallas, Texas) was 

issolved in double-distilled water to give a 4 μM stock solution. 

xperimental procedure 

ose-response effects of cilnidipine 

Following an equilibration period of 45 minutes, the tension 

as readjusted to 25 mN. The response of the detrusor strips to 

he administration of 80 mM KCl was then studied. An amount of 

0 mM KCl is the standard concentration of KCl used in our labora- 

ory for stimulating the contraction of the isolated detrusor. 13 Af- 

er washing the bath, cilnidipine at a concentration of 20 μM was 

dded to the organ bath and allowed to incubate for a period of 

 minutes. Then 80 mM KCl was added again and the contractile 

esponse was obtained. During each tracing, after drug adminis- 

ration, a contact time of 120 seconds was given, after which the 

issue was washed till the baseline was attained. This procedure 

as then repeated with 2 higher concentrations of cilnidipine (40 

nd 60 μM). 

eversal of inhibitory effect of cilnidipine by calcium channel openers 

PL64716 and GV-58 

To confirm the mechanism of inhibitory effect of cilnidipine on 

he isolated detrusor, the following procedure was performed: the 

etrusor strip was first made to contract with 80 mM KCl with 

0 μM cilnidipine. After washing out the KCl and cilnidipine and a 

est period, the reversal agent FPL64716 (5μM), an L-type channel 

pener, was incubated with 40 μM cilnidipine in the organ bath for 

0 minutes after which 80 mM KCl was added and the detrusor 

ontraction was obtained. This process was repeated again using 

he N-type channel opener GV-58 (6.8 μM). The concentrations of 

PL64716 18 , 19 and GV-58 20 , 21 used in the current study were based 

n previous studies. 
2

tatistical Analysis 

alculation of height of contraction and area under the contractile 

urve 

Contractility was computed by measuring the maximum height 

f contraction and the area under the contractile curve (AUCC) of 

he tracings, a method which we have standardized in our labo- 

atory. 13–15 , 17 These parameters were calculated by scanning the 

racings after each experiment and analysis using the software Im- 

ge Tool (University of Texas Health Sciences Center at San An- 

anio, Texas). 

alculation of percent inhibition of KCl-induced contractility of 

etrusor by cilnidipine 

The mean values of height of contraction and the AUCC after 

he administration of KCl were compared with the mean values of 

hese parameter after the administration of KCl plus the 3 concen- 

rations of cilnidipine (20, 40, and 60 μM) to determine the percent 

nhibition by the 3 concentrations of cilnidipine of KCl-induced de- 

rusor contractility. The nonparametric test Wilcoxon signed-rank 

est was used for statistical analysis. 

alculation of percent inhibition of KCl-induced contractility by 

ilnidipine after administration of calcium channel openers 

The mean percent inhibition of KCl-induced height of contrac- 

ion and AUCC due to 40 μM cilnidipine plus the calcium channel 

gonists (FPL64716 or GV-58) was compared with the mean per- 

ent inhibition of these parameters due to KCl and 40 μM cilni- 

ipine alone to determine whether the calcium channel openers 

everse the effects of cilnidipine or not. The nonparametric test 

ilcoxon signed-rank test was used for statistical analysis. 

esults 

The results of the effects of the 3 concentrations (20, 40, and 

0 μM) of cilnidipine on KCl-induced contractility of isolated de- 

rusor strips are shown in Table 1 . All 3 concentrations of cilni- 

ipine caused a dose-dependent and significant inhibitory effect of 

Cl-induced detrusor contractility. The results of the effects of the 

alcium channel openers on 80 mM KCl and 40 μM cilnidipine- 

nduced detrusor contraction are shown in Table 2 . Both calcium 

hannel opener agents significantly reversed the inhibitory effect 

f cilnidipine on detrusor contractility because in their presence 

he mean percent inhibition of detrusor contractility decreased and 

he reduced mean percent inhibitions were statistically significant 

n comparison to the mean percent inhibition due to the adminis- 

ration of 40 μM cilnidipine and 80 mM KCl without the calcium 

hannel opener. Representative tracings of the effect of cilnidip- 

ne on KCl-induced detrusor contractility and the effect of the cal- 

ium channel opener GV-58 on 40 μM cilnidipine’s inhibition of 

Cl-induced detrusor contractility are shown in the Figure . 

iscussion 

As alluded to in the Methods section, in our laboratory we reg- 

larly use KCl to contract isolated smooth muscle such as the de- 

rusor muscle. KCl is a very effective smooth muscle contractile 

gent that crosses the detrusor muscle cell membrane via posi- 

ively charged potassium ion channels and causes depolarization 

f the cell membrane and activation of VGCC. This leads to a rise 

n cytosolic free calcium ions, calmodulin-dependent myosin light 

hain kinase activation, myosin light chain phosphorylation, and 
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Table 1 

Inhibitory effects of cilnidipine on potassium chloride (KCl)-induced contractility of isolated caprine detrusor (n = 14 for each drug administration). ∗

Drug administration % Inhibition of height % Inhibition of AUCC 

Mean (SEM) P value † Mean (SEM) P value † 

80 mM KCl + 20 μM cilnidipine 22.04 (3.31) 0.001 20.9 (2.36) 0.001 

80 mM KCl + 40 μM cilnidipine 27.17 (2.45) 0.001 33.3 (1.13) 0.001 

80 mM KCl + 60 μM cilnidipine 71.08 (4.38) 0.001 72.3 (4.94) 0.001 

AUCC = area under the contractile curve. 
∗ Values of percent inhibition were obtained by comparing values after administration of cilnidipine with values after prior administration of KCl only. 
† The P values indicate that cilnidipine significantly lowered the height of contraction and the AUCC due to KCl. 

Table 2 

Reversal of inhibition of potassium chloride (KCl)-induced detrusor contractility by cilnidipine using calcium channel openers (n = 14 for each drug administration). ∗

Drug administration % Inhibition of height % Inhibition of AUCC 

Mean (SEM) P value Mean (SEM) P value 

80 mM KCl + 40 μM cilnidipine 8.4 (1.91) 0.002 † 6.94 (1.82) 0.005 † 

+ FPL64716 

80 mM KCl + 40 μM cilnidipine 8.9 (0.49) 0.001 † 9.63 (0.63) 0.001 † 

+ GV-58 

AUCC = area under the contractile curve. 
∗ Values of percent inhibition were obtained by comparing values after administration of KCl + 40 μM cilnidipine + calcium channel opener (FPL64716 in the upper panel; 

GV-58 in the lower panel) with values due to prior administration of KCl + 40 μM cilnidipine only. 
† In comparison to mean percent inhibition due to 40 μM cilnidipine without calcium channel opener. 

Figure. Representative traces from the study. (A) Contractile effect of 80 mM potassium chloride (KCl) before (left side) and after (right side) addition of 40 μM cilnidipine. 

(B) Contractile effect of 80 mM KCl + 40 μM cilnidipine before (left side) and after (right side) addition of GV-58. 

3 
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uscle contraction. 22–25 Indeed, the fundamental function of de- 

rusor muscle positively charged potassium ion channels is to pre- 

isely regulate and fine-tune calcium ion entry via VGCC. 25 Only 

he L-type VGCC is considered to be a major calcium ion influx 

athway in smooth muscle. 26 KCl is not known to act via G- 

rotein coupled receptors such as adrenergic (sympathetic) and 

uscarinic (parasympathetic) receptors, and indeed is used to by- 

ass G-protein coupled receptors stimulation in experimental stud- 

es on smooth muscle. 24 However, KCl is also known to activate 

hoA and Rho-kinase, 27 effects that would lead to smooth muscle 

ontraction. 12 

This study has shown for the first time that cilnidipine inhibits 

he contractility of the isolated caprine detrusor muscle. We found 

hat cilnidipine at all concentrations (20, 40, and 60 μM) used 

ignificantly inhibits the KCl-induced contractility of the detrusor 

n a dose-dependent manner ( Table 1 ). Cilnidipine is known to 

e a smooth muscle relaxant, which is the basis for its use in 

ypertension. It is known to inhibit L- and N- type VGCC, and 

his is supported by our results because the L-type VGCC agonist 

PL64716 and the N-type VGCC agonist GV-58 reversed cilnidip- 

ne’s inhibitory effect on 80 mM KCl-induced detrusor contractil- 

ty ( Table 2 ). FPL64716 is believed to prolong both the opening of 

-type VGCC during depolarization and the time course of inacti- 

ation upon repolarization. Patch clamp studies using rat ventricu- 

ar myocytes have shown that FPL64716 increases the rate of cal- 

ium ion transients more than it increases the rate of rise of cal- 

ium ion transients. It also enhances the duration of tail currents 

pon repolarization. 18 GV-58 is a new molecule developed from 

he cyclin-dependent kinase inhibitor (R)-roscovitine. 20 It activates 

-type, but not L-type, VGCC. GV-58 slows the deactivation of the 

-type VGCC, thereby increasing total calcium ion flux, hence in- 

reasing neurotransmitter release from nerve terminals. 20 Both L- 

nd N-type VGCCs are known to be present in the detrusor and 

ake part in detrusor muscle contractility. 28 , 29 Hence, in the con- 

ext of the current study, GV-58 causes increased detrusor muscle 

ontractility by stimulating release of acetylcholine from parasym- 

athetic nerve terminals, hence overcoming the relaxant effect of 

ilnidipine. 30 At the concentration of GV-58 used in the current 

tudy (6.8 μM), there is evidence from previous studies that it 

ould have opened N-type VGCC. 21 To our knowledge, there is cur- 

ently no evidence that GV-58 can induce smooth muscle contrac- 

ion on its own. However, FPL64716 is known to contract isolated 

mooth muscle. 31 In the current study, neither FPL64716 nor GV- 

8, by themselves, contracted the isolated detrusor at the concen- 

rations of these drugs that were used. 

In previous studies on the effect of cilnidipine on isolated 

lood vessels, cilnidipine was found to exert its relaxant effect at 

anomolar concentrations. 7 , 8 However, in the current study it was 

ound that cilnidipine relaxes the detrusor muscle at micromolar 

oncentrations ( Table 1 ). A possible explanation for this finding 

ould be the differences in concentrations of subtypes of VGCC 

L, N, and T) between vascular muscle and the detrusor muscle. 

t is known that the tissue distribution of VGCC varies between 

issues. 32 , 33 Moreover, there can be differences in the potency of 

CBs for VGCC in different tissues. 34 

Currently used drugs for treating OAB include antimuscarinic 

rugs and β3 receptor agonists. 12 However, the currently used 

rugs have adverse effects such as antimuscarinic effects and some 

atients do not respond to currently used drugs. There is also a 

igh rate of patient dissatisfaction and stopping of present drug 

reatments. 35 Hence, newer alternatives will be useful for the 

reatment of OAB. One such class of new drugs that could be use- 

ul for treating OAB is CCBs. 12 Our results suggest that cilnidipine 

s such a CCB. Cilnidipine can be administered orally to patients 

nd has a good pharmacokinetic profile. 1 , 3 The safety profile of 

ilnidipine is also good with no major adverse effects reported to 
4

ate. 1 , 3 Hence, in the light of the above data, cilnidipine is a po- 

ential new candidate for the treatment of conditions such as OAB 

hat require relaxation of the detrusor muscle. The tissue concen- 

rations at which cilnidipine relaxes the isolated detrusor in this 

tudy (20, 40, and 60 μM) are clinically achievable after systemic 

dministration to patients such as oral and parenteral administra- 

ion. 17 Because cilnidipine has the potential to cause cardiovascu- 

ar adverse effects, it could be used at relatively low doses with 

ther suitable drugs for OAB such as anticholinergics. In this con- 

ext, we have shown in our laboratory that when combined with a 

ow concentration of the anticholinergic oxybutynin (5 μM), a rel- 

tively low concentration of cilnidipine (20 μM), significantly in- 

ibits the contractility of the isolated caprine detrusor. 36 

A limitation of this study is that a more rigorous quantification 

f the effects of the agonists and antagonists on the VGCC of the 

etrusor muscle could have been done. For instance, the Schild plot 

ould have been made to calculate pA 2 values for cilnidipine. 37 pA 2 

efers to the affinity of an antagonist for its receptor. In this re- 

ard, Yamanishi et al 38 determined the pA 2 values for β-receptor 

ntagonists in the isolated porcine detrusor muscle. However, as 

entioned in the Introduction, we have standardized the way of 

uantifying effects of agonists and antagonists by determining the 

ercent inhibition of agonist-induced contractility by antagonists 

nd our work has been published in peer-reviewed and indexed 

ournals. 13–15 , 17 

onclusions 

This study has shown for the first time that the fourth- 

eneration CCB cilnidipine, at suitably low concentrations, inhibits 

he contractility of the isolated detrusor. Cilnidipine could be eval- 

ated for the treatment of clinical conditions requiring relaxation 

f the detrusor such as OAB. 
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