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Introduction

Nitric oxide (NO) exerts multiple biological actions and is one of
the most crucial signaling molecules [1,2]. It is endogenously synthe-
sized from the precursor L-arginine by a family of NO synthases (neu-
ronal [nNOS], inducible [iNOS], and endothelial NO synthase [eNOS]),
with stoichiometric production of L-citrulline. NO activates soluble
guanylyl cyclase in cells to synthesize cyclic guanosine monophos-
phate (cGMP) and relax smooth muscle. It also acts as a neurotrans-
mitter. NO is cytotoxic, and macrophages produce NO to kill patho-
gens [3,4]. However, in sepsis macrophages produce such a large
amount of NO that it may exacerbate inflammation and also cause
hypotension (because NO relaxes vascular smooth muscle) [4,5]. NO
is immediately oxidized in the living body, so it is measured as NO,- +
NO,-, which is referred to as NOx [6]. Some animal and clinical stud-
ies investigated the relationship between lower urinary tract function
and NO by measuring NOS messenger ribonucleic acid (mRNA) and
protein in the bladder wall. In an animal model of overactive bladder
(OAB), urinary NOx was found in rats with pelvic venous congestion.
In this model, eNOS mRNA in the bladder wall and urinary NOx were
decreased, and administration of alpha blockers [7,8], phosphodies-
terase type 5 inhibitor [9], or antimuscarinics restored NOx levels
[10]. On the other hand, animal studies of bladder outlet obstruction
(BOO) showed that in the early stages of occlusion the expression of
iNOS was increased in the bladder wall and in the chronic phase the
expression of both nNOS and eNOS was increased [11,12].

In humans, iNOS was found to be expressed in the bladder wall in
BOO associated with benign prostatic hyperplasia (BPH) [13]; anoth-
er study found no difference in the expression of eNOS in the bladder
wall between underactive bladder and non-underactive bladder in
patients with BPH [14]. Furthermore, a reduction in NOS-containing
nerves was reported in the prostate and bladder/urethra in patients
with BOO [15]. However, to our knowledge no clinical studies have
evaluated whether a relationship exists between urinary NOx and
lower urinary tract symptoms or diseases. Therefore, in this study we
investigated whether urinary NOx is associated with lower urinary
tract symptoms in male patients with BPH and female patients with
OAB.

Subjects and Methods

We recruited 30 male patients with benign prostatic hyperplasia
(BPH) and 34 female patients with overactive bladder (OAB) from
among the patients who visited the urology department at Okinawa
Kyodo Hospital, Okinawa, Japan, or Kitakami Central Hospital, Okina-
wa, Japan, between February and August 2015. Their urinalysis and
urinary sediment were normal. In addition, we recruited 31 male and
36 female volunteers from the staff at both hospitals as controls; vol-
unteers had no or only mild micturition disorders and were not re-
ceiving any specific drug treatment: The total International Prostate
Symptom Score (IPSS) in the male controls was less than or equal to

9, and the IPSS-quality of life (QOL) index was less than or equal to 2.
The men with BPH were divided into an untreated BPH group (n = 15)
and a treated BPH group (n = 15) (Table 1). The untreated BPH group
consisted of new cases of BPH. In this study, BPH was diagnosed by
prostatomegaly (over 25 mL) on transabdominal ultrasonography, a
total of 8 or more points on the IPSS, and a score of 3 or more points
on the IPSS-QOL index before treatment. The treated BPH group
consisted of patients receiving treatment for BPH who were almost
satisfied with the treatment results 3 months or more after the start
of treatment. All patients with treated BPH patients received alpha-1
blockers, and some were given additional dutasteride, antimuscarin-
ics, or botanical drugs. The women with OAB were also divided into
an untreated OAB group (n = 16) and a treated OAB group (n = 18).

Table 1: Characteristics of the study participants.

No. of Cases Age (years old)
Males Totals 61
control 31 52.6+18.8
Untreated BPH 15 70.8+13.4**
Treated BPH 15 74.6+10.2**
al blocker
Silodosin
Tamsulosin hydrochloride
Naftopidil 4
Others
Dutasteride 5
Solifenacin succinate 4
Imidafenacin 1
Fesoterodine fumarate 1
Botanical drugs 3
Females total 70
Control 36 54.8+11.9
Untreated OAB 16 62.9+12.6*
Treated OAB 18 64.6+17.3**
Anti-muscarinics
Solifenacin succinate 5
Imidafenacin 5
Fesoterodine fumarate 4
Propiverine hydrochloride 4
Others
Botanical drugs 4

Note: BPH: benign prostatic hyperplasia, OAB: overactive bladder,

Mean * standard deviation, *: p<0.05, **: p<0.01 vs each control.

In this study, patients with organic urinary tract diseases such as
pelvic organ prolapse and bladder tumors, as well as interstitial cys-
titis, were excluded by interview and ultrasound. The untreated OAB
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group consisted of new cases of OAB. OAB was diagnosed as a total of
3 points or more on the Overactive Bladder Symptom Score (OABSS)
and 2 points or more for the item “urgency” [16]. The treated OAB
group consisted of patients receiving treatment for OAB who were al-
most satisfied with the treatment results 3 months or more after the
start of treatment. All patients with treated OAB received antimusca-
rinics, and some were given additional botanical drugs. The Okinawa
Kyodo Hospital Ethics Committee approved the study on behalf of
the 2 participating institutions, and each patient provided informed
consent to participate in the study prior to enrolment (approval no.
2014-003). Male volunteers and patients with BPH completed the
IPSS, and female volunteers and patients with OAB patients complet-
ed the OABSS. Urine for urinalysis was collected, and some was frozen
and stored (at -80 2C). At a later date, urinary NOx was measured by
the Griess method by a high-performance liquid chromatography sys-
tem with an automated NO detector (ENO-20, Eicom, Kyoto, Japan)
[6]. Urinary creatinine was also measured (BML, INC. Tokyo, Japan).
We then examined the relationship of BOO and OAB with question-
naire scores and urinary NOx (with creatinine correction, uM/cre).
Results are reported as the mean #* SD. Student’s t test was used for
statistical analysis, and P < 0.05 was considered to indicate statistical
significance.
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Results

We found no relationship between age and urinary NOx levels in
the male and female healthy control volunteers (Figure 1). The un-
treated and treated BPH groups were significantly older than the con-
trol group, but age was similar in the two BPH groups. There was no
difference in ultrasound-measured prostate size between untreated
(31.9 + 5.3 mL) and treated BPH groups (33.6 = 5.6 mL). Urinary NOx
levels were significantly higher in the untreated BPH group (0.213 +
0.205 pM/cre) than in the control group (0.097 + 0.074 pM/cre; P =
0.019), but they were similar in the treated BPH group (0.129 + 0.098
uM/cre) and control group (Figure 2A). In the male controls and all
BPH patients, the higher the NOx level, the higher the IPSS item score
for incomplete emptying (R = 0.2586, P = 0.037), intermittency (R =
0.3537, P = 0.014), straining (R = 0.3490, P = 0.017), and the total
score (R =0.2734, P = 0.047) (Figure 3); the remaining items of the
IPSS were not associated with the NOx level. Urinary NOx levels were
positively correlated with postmicturition symptoms, voiding symp-
toms, and the total IPSS, but not with storage symptoms. In the wom-
en, the untreated and treated OAB groups were significantly older
than the control group, but age was similar in the 2 OAB groups. Uri-
nary NOx levels were similar in the 3 female groups (controls, 0.119
+ 0.083 uM/cre; untreated OAB, 0.110 * 0.062 pM/cre; treated OAB,
0.153 £ 0.193 uM/cre) (Figure 2B).
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Figure 1: Relationship between urinary levels of NO,- + NO,— (referred to as NOx) and age in healthy controls

A. Men,
B. Women.

Note: The study found no relationship between age and urinary NOx levels in male and female healthy control volunteers.
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Figure 2: Comparison of urinary levels of NO,— + NO,— (referred to as NOx)
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A.  Men (healthy controls, patients with untreated and treated benign prostatic hyperplasia [BPH]).
B.  Women (healthy control, patients with treated and untreated overactive bladder [OAB]).

Note: Details in the text. *P < 0.05
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Figure 3: Relationship between urinary levels of NO,- + NO,- (referred to as NOx) and each item of the International Prostate Symptom Score
(IPSS) in all male controls and patients with benign prostatic hyperplasia (BPH).
A.  Incomplete emptying,

B. Intermittency,
C.  Straining, and
D.

Total IPSS.

Note: Details in the text.

Copyright@ : Kimio Sugaya | Biomed ] Sci & Tech Res | BJSTR. MS.ID.008271.

43829


https://dx.doi.org/10.26717/BJSTR.2023.52.008271

Volume 52- Issue 4

DOI: 10.26717/BJSTR.2023.52.008271

Discussion

In the present study, urinary NOx levels were higher in patients
with untreated BPH than in controls, but this was not the case in pa-
tients with treated BPH or in female patients with OAB. In all male
patients, urinary NOx levels were positively correlated with postmic-
turition symptoms, voiding symptoms, and the total IPSS, but with
not storage symptoms. Therefore, we hypothesize that urinary NOx
might increase in BOO but not in OAB. To our knowledge, this is the
first clinical study investigating the relationship between urinary NOx
and lower urinary tract symptoms and diseases.

In a guinea pig model of BOO, after 2 weeks the bladder mucosa
showed markedly greater iNOS immunoreactivity and higher iNOS
mRNA expression in animals with BOO than in controls [11]. Anoth-
er study reported that 1 week after the start of BOO iNOS knockout
mice had a significantly larger bladder capacity and significantly
smaller responses to electrical stimulation than wild type mice [17].
Additionally, 5 weeks after the start of BOO bladder capacity and con-
tractility returned to baseline levels in knockout mice but capacity
was significantly larger, and contractility was decreased in wild type
mice [17]. These data suggest that in the early stage of an obstruc-
tion changes are seen in the bladder and nervous system that may
lead to an overactive bladder and, at the same time, iNOS expression
is enhanced and NO production increases; this increase in NO sup-
presses bladder smooth muscle activity, thus counteracting the over-
active bladder and preventing subsequent detrusor dysfunction (low
activity state). Clinically, in patients with BOO associated with BPH
some superficial urothelial cells lacked the protein subunits of the
asymmetric unit membrane, suggesting that the blood-urine barrier
was compromised in these areas [13]. In such relatively undifferen-
tiated urothelial zones, an accompanying increase was found in the
expression of iNOS, which marks perturbed urothelial differentiation
and may modulate bladder response to the outlet obstruction [13].

If BOO is chronic, the expression of eNOS and nNOS is increased
in the bladder of guinea pigs [11] and rats [12]. In patients with BPH,
the expression of eNOS in the bladder wall is similar in those with
underactive bladder and those with non-underactive bladder [14]. Six
weeks after BOO in rats, the percentage of bladder afferent neurons
expressing nNOS immunoreactivity increased in the L6 and S1 dor-
sal root ganglia [18]. In this condition, NO of the afferent fiber may
suppress the overactive bladder if the excitatory nervous system of
the spinal cord is suppressed [19], but it may also contribute to the
development of bladder overactivity if the inhibitory nervous system
of the spinal cord is suppressed [18]. In any case, urinary NOx may be
a marker for obstructive bladder.

In one of our animal models of OAB, ie, rats with pelvic venous
congestion, eNOS mRNA in the bladder wall and urinary NOx were de-
creased, and levels were restored by administration of alpha blockers
[7,8], phosphodiesterase type 5 inhibitor [9], or antimuscarinics [10].
On the other hand, in the present study urinary NOx was increased in

patients with BPH with voiding disorders but not in patients with BPH
treated with alpha-1 blockers. These findings of animal experiments
and clinical studies might indicate that NOS and NOx do not have clin-
ically relevant effects on the bladder wall. However, long-term NO de-
ficiency causes impaired bladder outlet relaxation and leads to detru-
sor overactivity [20]. Therefore, NO might act at the bladder neck and
urethra, and urinary NOx could be a clinical biomarker of obstructive
bladder. The urinary adenosine triphosphate (ATP) to creatinine ratio
has also been proposed as a marker of pathological bladder function
because it was high in patients with BPH or OAB [21-23]. Treatment
with an alpha-1 receptor antagonist or anti-muscarinic agent decreas-
es the urinary ATP to creatinine ratio. However, the urinary ATP level
is influenced by bacterial infection, renal dysfunction, voided urine
volume, and sex [22,24]. This ratio shows a significant negative cor-
relation with the voided urine volume in healthy men. Thus, urinary
ATP levels may not necessarily be a useful marker of bladder pathol-
ogy. Urinary NO metabolites are also associated with increased blood
pressure in normotensive subjects [25], and urinary NOx predicts the
progression to hypertension independent of baseline blood pressure
[25]. Thus, urinary NOx is also suggested as a biomarker for individu-
al new-onset hypertension. Because of the above findings, blood pres-
sure, bacterial infection, renal dysfunction, and voided urine volume
must be considered when evaluating urinary NOx.

This study has some limitations. The number of participants was
small. The diagnosis of BOO was made from the measurement of pros-
tate size and the IPSS, but the pressure flow study was not performed.
There were multiple therapeutic agents. Future studies are needed to
evaluate whether urinary NOx levels change with age or voided urine
volume. Thus, our findings are preliminary.

In conclusion, urinary NOx levels were positively correlated with
postmicturition symptoms, voiding symptoms, and the total IPSS in
men, but not with storage symptoms in men or women. Therefore,
high urinary nitric oxide levels might indicate the presence of blad-
der outlet obstruction. When assessing urinary NOx, physicians must
consider blood pressure, bacterial infection, renal function, and void-
ed urine volume, and it will be necessary to unify these conditions.
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The authors declare no conflict of interest.
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