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URINARY INCONTINENCE IN ELDERLY FROM 
A VIEW OF A PHARMACIST: DETRUSOR 
IMPAIRMENT AND TREATMENT

ECZACI BAKIŞ AÇISIYLA YAŞLILARDA ÜRİNER 
İNKONTİNANS: DETRUSOR HASARI VE TEDAVİ

Aging results in impairments in the bladder function and causes alterations in many organs. 
In recent clinical studies, aging has been shown to alter the bladder function based on the 
observed decrease in filling, storage and emptying capacities of the bladder. In experimental 
studies, it has been postulated that aging changes the bladder function via symptoms such as 
a decrease in its voiding efficacy and an unwanted increase in its activity. This causes enuresis, 
also known as urinary incontinence, an important social concern that negatively affects the 
quality of the patient’s social life. The incidence of urinary incontinence is particularly an issue 
in older women; the adverse effects of the drugs used for treatment and compliance issues 
prevent a successful treatment. In some studies examining the effects of aging on rat bladder, it 
has been proposed that the intracellular signalling mechanisms of agonist-induced contractile 
responses may be altered with an increase in age. The permeabilised smooth muscle model 
is an efficient tool for investigating the functions of contractile proteins and intracellular 
organelles, which play a role in smooth muscle contractions. This model facilitates the study 
of the contractile functions in young and old animals to develop new drug molecules for the 
treatment of urinary incontinence. Although currently, antimuscarinic drugs are primarily used 
for the treatment of this condition, their adverse effects limit their efficacy.
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Yaşlanma, mesane fonksiyonlarında bozukluklara yol açmaktadır ve birçok organda 
değişikliğe neden olmaktadır. Son zamanlarda yapılan klinik çalışmalarda, yaşlanmanın 
mesanenin fonksiyonlarını mesanenin dolum, depolama ve boşaltım fonksiyonlarında 
azalmaya bağlı olarak değiştirdiği gösterilmiştir. Deneysel çalışmalarda ise, yaşlanmanın 
mesane fonksiyonlarını işeme efektivitesinde azalma ve mesane aktivitesinde istenilmeyen 
artış gibi bazı semptomlar aracılığı ile değiştirdiği gösterilmiştir. Bu da idrar tutamama yani 
üriner inkontinans gibi hastanın sosyal yaşam kalitesini negatif olarak etkileyen önemli bir 
sosyal probleme neden olmaktadır. Üriner inkontinans görülme sıklığı özellikle yaşlı kadınlarda 
önemli bir konudur; tedavide kullanılan ilaçların yan etkileri ve hastaların uyunç problem 
başarılı bir tedaviyi önlemektedir. Sıçan mesanesi üzerine yaşlanmanın etkisini inceleyen bazı 
çalışmalarda, agonist ile indüklenen kasılma yanıtlarının hücre içi sinyal iletim mekanizmalarının 
yaştaki artışa bağlı olarak değişebileceği öne sürülmüştür. Permeabilize düz kas modeli düz 
kasın kasılmasında rol oynayan proteinlerin ve hücre içi organellerin fonksiyonlarını araştırmak 
için değerli bir yöntemdir. Bu yöntem üriner inkontinans tedavisinde yeni ilaç moleküllerinin 
geliştirilmesi için genç ve yaşlı deney hayvanlarındaki kasılma yanıtlarının çalışılmasını 
kolaylaştırmaktadır. Günümüzde primer olarak antimuskarinik ilaçlar bu hastalığın tedavisinde 
kullanılsa da yan tesirleri bu ilaçların etkinliklerini kısıtlamaktadır. 

Anahtar sözcükler: Yaşlı; Üriner inkontinans; Yaşam kalitesi.
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INTRODUCTION

The lower urinary tract has three main parts: the 
urinary bladder, urethra and the urethral sphincter 
complex. The urinary bladder wall consists of 
the mucosa, muscularis propria (also known as 
the detrusor muscle) and adventitia. The mucosa 
consists of the urothelium that comes in contact 
with the urine directly and at the same time acts 
as a blood–urine barrier against various types 
of pathogens, ions and molecules found in the 
urine. The urothelium, which has different types 
of receptors and ion channels, receives and then 
transmits information to other bladder components 
such as sensory nerve fibres, myofibroblasts and 
smooth muscle cells (1). The autonomic nervous 
system helps coordinate the normal bladder function 
by releasing mediators from the urothelium. The 
smooth muscles are arranged in three layers in the 
muscularis propria of the bladder; although in the 
innermost and the outermost layers, the muscles 
are arranged longitudinally, in the middle layer, the 
detrusor smooth muscle fibres are arranged in a 
circular manner (2).

The wall of the urinary bladder mainly consists 
of the detrusor smooth muscles, which play an 
important role in urine storage, filling and emptying. 
Urine is continuously produced by the kidneys, 
whereas voiding is not a continuous process. In 
a healthy young adult, the function of the urinary 
bladder depends on the synchronised relaxation 
of the detrusor smooth muscles and contraction of 
the urethral sphincter during urine storage; during 
micturition, the situation is the complete opposite. 
These functions are all elicited by the coordinated 
activity of the spinal cord, pons and excitatory, 
inhibitory and sensory nerves in the forebrain. 
The innervation of the bladder is obtained by the 
actions of the cholinergic, nitrergic, purinergic, 
monoaminergic and peptidergic mechanisms (3). 
Detrusor sensitivity to agonists, its spontaneous 
activity and the levels of the contractile proteins may 
vary under situations such as urethral obstruction, 
urinary incontinence and aging. 

AGING AND BLADDER FUNCTIONS

Aging causes changes in many organs and bodily 
functions, including a significant decrease in the 
filling, storage and emptying functions of the 
bladder. Among the symptoms of this decrease in 
the various bladder functions, the more pronounced 
ones are reduced voiding efficiency and bladder 
overactivity that may lead to a concern, i.e. urinary 
incontinence, which affects the patient’s quality of 
social life (4). In particular, in women, high impact 
exercising and childhood enuresis are found to 
be related with further development of urinary 
incontinence and so mechanisms associated with 
pelvic floor gain importance in prevention of this 
disease (5). Urinary incontinence incidences increase 
with age, and the side effects of the currently used 
drugs hinder successful treatment.  In parallel with 
age, bladder outlet obstruction, sphincter injury, 
polypharmacy and urinary tract infections may 
also lead a pronounced urinary incontinence in the 
patient (6).

There are several studies, particularly on rats, 
examining the effects of aging on the bladder. 
Although it seems that the contractile proteins are 
not affected by aging, several studies have shown 
that intracellular mechanisms involving secondary 
messengers may alter with aging and affect the 
response of the bladder to agonists (7). 

Voiding occurs approximately eight times a day 
in a healthy young adult. The urinary bladder can 
adjust its volume to more than 500 ml without any 
increase in the intravesical pressure, allowing the 
storage of a large amount of urine. During the filling 
phase, the increase in the intravesical pressure does 
not exceed the filtration pressure, preventing renal 
failure. The relaxation of the bladder supported by 
the resistance of the internal and external urethral 
sphincter aids the filling phase. On the contrary, 
the voiding phase starts with the contraction of the 
bladder accomplished by a low outflow resistance. 
The autonomic and somatic nervous systems control 
the smooth and the skeletal muscle contractile 
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activity of the urinary bladder and urethra to sustain 
the filling and the voiding phases (8). Therefore, to 
understand the pathophysiology of incontinence 
and to develop further treatments, one should 
focus on how the smooth muscle of the urinary 
bladder, i.e. the detrusor muscle, is affected by the 
aging process.

Activation of the muscarinic receptors is primarily 
responsible for the sustained contraction necessary 
for the emptying of the urinary bladder. M2 and M3 
muscarinic receptor subtypes have been identified 
in rat and guinea pig bladders (and in taenia 
caecum), of which the M3 receptor subtype has been 
shown to mediate the contraction in these three 
tissues. It has been reported that both M2 and M3 
receptor subtypes are involved in normal rat bladder 
contractions, with the M3 subtype activating PI-PLC, 
PC-PLC, and PKA and the M2 subtype activating ROK 
and PKC through an additional contractile signal 
transduction mechanism (9). Detrusor sensitivity 
to agonists such as carbachol, prostaglandins and 
serotonin, its spontaneous activity, and contractile 
proteins levels can change in some conditions, 
such as during urinary incontinence. Therefore, 
it is important to understand the mechanisms 
underlying agonist-induced contractions in the 
detrusor smooth muscles to further develop 
therapeutic management strategies for bladder 
instability associated with the incontinence.

DETRUSOR IMPAIRMENT PATHWAYS

Smooth muscle contraction is primarily brought 
about by an increase in cytosolic calcium produced 
by calcium entry through voltage-sensitive 
calcium channels or by calcium release from the 
sarcoplasmic reticulum [often via a mechanism 
involving the Ca2+ mobilising messenger inositol 
triphosphate (IP3)]. The main intracellular calcium 
store is the “sarcoplasmic reticulum.” Calcium 
release from the sarcoplasmic reticulum can be 
mediated by both ryanodine and IP3 receptors. 
The two mechanisms of calcium release from the 

internal calcium stores, calcium-induced calcium 
release (CICR) that is sensitive to ryanodine and IP3-
induced calcium release (IICR), take place in smooth 
muscles, i.e. the detrusor muscles in the urinary 
bladder (10). Agonists activating G-protein-coupled 
receptors (GPCRs) increase force in the smooth 
muscles via calcium/calmodulin-dependent myosin 
light-chain phosphorylation. The ratio of activities of 
calcium/calmodulin-dependent myosin light-chain 
kinase (MLCK) and myosin light-chain phosphatase 
(MLCP) determines the level of myosin light-chain 
phosphorylation and hence the activation of the 
smooth myocytes. Inhibition of MLCP can be induced 
directly by Rho-kinase (ROK) or by phosphorylation 
of the phosphatase inhibitor CPI-17 through protein 
kinase C (PKC). There are, however, mechanisms, 
which can lead to muscle contraction without any 
necessary change in intracellular calcium ([Ca2+]
i). When [Ca2+]i and MLCK activity is constant, 
agonists activating GPCRs may cause a leftward 
shift of the calcium/force response curve, (calcium 
sensitisation). A major pathway that can cause this 
operates through ROK and PKC and is thought 
to involve the inhibition of myosin phosphatase 
activity under constant calcium conditions, thereby 
enhancing myosin light-chain phosphorylation and 
causing an increase in force (11, 12).

In recent years, two other major intracellular 
Ca2+ mobilising messengers, cyclic adenosine 
diphosphate ribose (cADPR) and nicotinic acid 
adenine dinucleotide phosphate (NAADP), have 
been implicated in the pharmacomechanical 
coupling of the smooth muscles. In a previous study, 
we provided the first systematic analysis of the ability 
of IP3, cADPR and NAADP to cause contraction in 
the smooth muscles, and using the permeabilised 
urogenital tract smooth muscles, we showed that 
these Ca2+ mobilising messengers along with IP3 
evoke contractions. NAADP uniquely mobilises 
acidic calcium stores, likely activating the two-pore 
channel protein 2 (TPC2), a key component of the 
NAADP receptor (13). The proposal that the TPC 
family involves Ca2+-permeable channels regulated 
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by NAADP was a promising development that may 
be used for new drug therapy innovations in elderly 
people suffering from urinary incontinence. 

PERMEABILISED DETRUSOR

The intracellular mechanisms of contractions, 
including calcium sensitisation, can be studied 
using chemically permeabilised smooth muscle 
preparations in which the plasma membrane is 
permeabilised using a chemical substance. In 
these preparations, the external and internal 
media contain the same ions (which can be 
manipulated). Chemically permeabilised smooth 
muscle is an experimental model for studying 
the intracellular organelles and signal cascades 
responsible for agonist-induced smooth muscle 
contraction and hence investigating the different 
levels of molecular control. For instance, β-escin 
is a saponin ester, which opens the pores of the 
plasma membrane and makes the cell membrane 
permeable to higher molecular weight compounds 
(up to 150 kDa), including heparin and IP3, and 
retains receptor–effector coupling (14). We also 
used the β-escin permeabilisation method while 
investigating how aging affects the intracellular 
calcium movements due to carbachol-induced 
contractions in permeabilised female rat bladder 
smooth muscles. In this study, we observed that 
carbachol-induced contractions decrease with age 
in rat bladder detrusor as a result of a reduction 
in calcium-induced calcium release (CICR), rather 
than carbachol-induced calcium sensitization. 
We believe that these results obtained constitute 
a positive contribution to the development of 
new drug molecules in the treatment of urinary 
incontinence (15). 

We have developed a functional permeabilised 
smooth muscle preparation to be used in rat, mouse 
and guinea pig bladders and by using this method, 
we have observed many intracellular mechanisms 
including Rho kinase and protein kinase C pathways 
revealing important data on how agonist-induced 
contractile responses may change from one species 

into another or also under disease states (13,16). 
This preparation retains sensitivity to membrane 
receptor agonists and can be activated by the 
exogenous application of intracellular messengers 
causing contractions. β-escin is a saponin ester 
that opens the pores in the plasma membrane of 
cells, allowing the passage of molecules having a 
molecular weight of up to 30000-40000 kilodalton. 
The ability to introduce larger molecules into the 
cell makes β-escin a preferable molecule for the 
study of the pathways mediating agonist-induced 
contractile responses in the smooth muscles 
by retaining receptor–effector coupling and at 
the same time enabling the access of heparin 
and calmodulin into the cells. Smooth muscle 
preparations treated with β-escin have been shown 
to respond to excitatory agonists through the IP3-
mediated release of Ca2+ and have also shown 
calcium sensitisation as in our studies investigating 
the agonist-mediated intracellular pathways, i.e. 
affected under pathological conditions like urinary 
incontinence (13,15,16). 

AGING AND INTRACELLULAR MECHANISMS

Investigating the roles of intracellular calcium 
signalling pathways in the treatment of urinary 
incontinence is a new therapeutic approach. This 
has evolved owing to the pronounced role of 
ROK in the regulation of urinary bladder smooth 
muscle tone and contraction demonstrated in 
many studies. It has also been suggested that 
variations in agonist-induced contractions due to 
aging depend on impairments in the intracellular 
signal transduction pathways. Furthermore, it 
was observed that the decreased response of the 
bladder to β-adrenergic stimulation due to aging is 
related to both an inhibition in the adenylyl cyclase 
activity and changes in the G protein content or 
function (17). However, the intracellular mechanisms 
underlying the functional changes that may occur 
with aging in the bladder have not been completely 
explained.  
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Figure 1. Mechanism of smooth muscle contraction and calcium sensitisation (12).

Figure 2. Receptor-mediated Ca2+ signalling pathways in the detrusor smooth muscles. Muscarinic receptor activation 
causes release of Ca2+ from both sarcoplasmic reticulum and lysosomal stores (13).  
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Another promising area of investigation with 
respect to the pathophysiology and treatment of 
urinary incontinence is the contribution of one of 
the endogenous gas mediators, hydrogen sulphide. 
Interstitial cystitis is a syndrome characterised 
by chronic inflammation of the bladder in which 
detrusor smooth muscle contractions may vary. It 
is known as a syndrome of bladder hypersensitivity 
that is characterised by bladder sensation and 
fullness, i.e. urgency to urinate even with a low 
volume of urine. It has been known that carbachol-
induced contractions in the bladder of rats increase 
in cyclophosphamide-induced experimental 
cystitis. However, the mechanism underlying this 
change is unclear. Because inflammation, like other 
abnormal changes, may cause an impairment in 
bladder functions leading to increased urination 
frequency (overactive bladder syndrome), this may 
easily lead to urinary incontinence. Overactive 
bladder syndrome, with concomitant interstitial 
cystitis, is a chronic disease characterised by 
suprapubic pain depending on bladder filling. 
Escherichia coli is responsible for the majority of 
urinary tract infections, and it may cause interstitial 
cystitis. Therefore, interstitial cystitis is a syndrome 
often caused by overactive detrusor and chronic 
inflammation of the bladder and may alter the 
contractile function of the bladder detrusor smooth 
muscles. Under pathological conditions, muscarinic 
receptor subtypes in the bladder change and 
particularly in cases of bladder inflammation, it was 
determined that contractile responses decreased 
due to changes in cholinergic responses (18). In a 
recent paper, endogenous hydrogen sulphide was 
shown to play a role in bladder pain through the 
activation of T-type calcium channels in mice with 
cyclophosphamide-induced cystitis (19). 

DRUG THERAPY IN ELDERLY WITH URINARY 
INCONTINENCE

Antimuscarinic drugs are still the first line therapy in 
the treatment of urinary incontinence (20). Although 
they have a good initial response, because these 

drugs are typically used for many years, their efficacy 
decreases and rate of adverse effects increases over 
time. Ones treating the patients should be aware 
of the adverse effects of these drugs and apply a 
pharmacotherapy that is individually developed 
(21). Hence, the long-term necessity of new drug 
therapies is inevitable.

There are some therapies targeting the 
urothelium of the urinary bladder. For instance, 
nerve growth factor (NGF) antibodies are thought 
to be effective in the treatment of urinary 
incontinence. However, because these drugs 
block all NGFs involved in many physiological 
situations throughout the body, the incidence of 
adverse effects is very high. Additional treatment 
candidates might be the use of muscarinic receptor 
antagonists, purinergic receptor antagonists and 
prostaglandin receptor antagonists (20). 

Drugs that act on the detrusor smooth muscles 
are more important in terms of reducing the severity 
of incontinence symptoms in the elderly. One of the 
drugs that has been used for many years is from 
the muscarinic receptor antagonist family, namely, 
acetylcholine. Acetylcholine is mainly effective in 
the filling phase of the bladder, and to an extent, 
it increases the voiding contraction. However, its 
secondary effect occurs at high doses and leads to 
adverse effects that are not acceptable to patients 
(20). Another group acting on the smooth muscles 
is β3 adrenergic receptor agonists, which promise 
a decrease in urgency and a relief from urinary 
incontinence. A prototype drug from this group 
is miragebron (22). Particularly, in elderly males 
with both incontinence and erectile dysfunction, 
phosphodiesterase type 5 inhibitors such as 
sildenafil or tadalafil could be good therapeutic 
candidates, but their use in females remains unclear 
(23). Depending on the research mentioned above 
on the ROK pathways involved in incontinence, 
ROK inhibitors may also be effective treatment 
candidates. Unfortunately, currently, there is 
insufficient information about their potential 
adverse effects (24).  
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BOTULINUM TOXIN A

Intravesical botulinum toxin A (BTX-A) is a 
potential treatment for incontinence emanating 
from interstitial cystitis. BTX-A is a very potent 
neurotoxin derived from the anaerobic bacterium 
Clostridium botulinum. It inhibits the release of the 
neurotransmitter acetylcholine at the neuromuscular 
junction and therefore decreases the muscle 
contractility at the injection site. This intravesical 
therapy is generally well-tolerated by the elderly 
population, particularly women. However, some 
adverse effects may occur, i.e. dysuria, haematuria, 
impaired detrusor contractility and a decrease 
in the voiding strength. Such patients on BTX-A 
therapy also show a high incidence of urinary tract 
infections (particularly of those caused by viruses) 
(25). However, BTX-A treatment does not cause 
adverse effects such as dry mouth, constipation, 
dyspepsia and dizziness that commonly occur with 
antimuscarinic therapy, thus increasing patient 
compliance. 

Moreover, there might be drug combinations 
to help the elderly who suffer with the symptoms of 
incontinence. Alpha 1-adrenergic antagonists and 
5-alpha reductase inhibitors are two such examples (20).

CONCLUSION

It is well known that the prevalence of bladder 
dysfunctions, i.e. impaired urine storage and 
voiding performance, increases with age. In the 
human urinary bladder, due to the aging process, 
it is difficult to determine the exact reasons 
underlying the impairment of the detrusor. There 
are useful data obtained from studies conducted on 
age-related changes in animal models. However, 
both morphological changes and intracellular 
signal transduction pathway impairments may 
lead to incontinence in the elderly population. 
Impaired contractility may be related to different 
pathophysiological changes due to aging. 
Therefore, among the drug therapies that are 
available, those aiding in curing symptoms might 
lead to many adverse effects in elderly people. 
Due to improved data on intracellular pathways 
involved in incontinence, there are now good 
candidates for new therapeutic agents. The use 
of hydrogen sulphide and similar agents might be 
important in developing new drug therapies for 
incontinence. 
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