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ABSTRACT 
 
 Introduction: The word enuresis is derived from a Greek word that means to make water. Urinary 
incontinence is a common problem in children. At five years of age, 15% of children remain incompletely 
continent of urine,  most of these children have isolated nocturnal enuresis (Monosymptomatic Nocturnal 
Enuresis). Objective: The present study was designed to assess the excretion of Na, K, and prostaglandin E2 in the 
urine of children with primary mono-symptomatic nocturnal enuresis (PMNE) aiming at investigating its potential 
role in the pathogenesis of the disease. Subject and method: This case control study was conducted on 60 
children, 32 males and 28 females during the period of clinical part of the study from June 2010 to October 
2010. They were divided into two groups: group I (enuretic children) and group II (controls). Group I included 
30 cases with PMNE; 14 males and 16 females, their ages ranged from 5 to 12 yrs. They were consecutively 
selected from patients attending the Child Psychiatry Clinic, Children’s Hospital, Ain Shams University for 
follow up. Group II (controls) included 30 healthy children; 18 males and 12 females, their ages ranged from 5 to 12 
yrs. All enrolled children were subjected to complete urine analysis, fasting blood samples, measurement of 
urine and blood osmolarity, measurement of urine and serum sodium and potassium concentrations and 
prostaglandin E2 level in each urine sample using an ELISA kit. Results: the current study showed significant 
increase in mean values of morning and night urinary prostaglandin E2 in studied cases with PMNE compared 
to controls. Such changes were found to be associated with significant increase in night urinary sodium and 
potassium excretion as well as significant reduction in their serum levels as well as plasma osmolarity. 
Conclusion: Those findings revealed a potential role of PGE2 in the pathogenesis of PMNE pointing to the 
importance of studying the efficacy of anti-prostaglandins in managing such disturbing disorder giving a new 
hope to the affected children and their families. 
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Introduction 
 
 Nocturnal enuresis is a common developmental disorder that affects 15–20% of 5-year-old children, and it 
has important negative effects on the self-image and performance of these children (Riccabona, 2010). Enuresis 
in children without additional lower urinary tract (LUT) symptoms (excluding nocturia) or a history of bladder 
dysfunction is defined as monosymptomatic nocturnal enuresis, while children with both enuresis and any other 
LUT symptoms are classified as having non-monosymptomatic enuresis. When a child with monosymptomatic 
enuresis has never had a period of established urinary continence for more than six months, this is considered 
primary monosymptomatic nocturnal enuresis (PMNE) (Lei et al., 2012). 
 Monosymptomatic nocturnal enuresis (MNE) according to new terminology of The International Children's 
Continence Society is intermittent incontinence while sleeping, and it is applicable to children who are at least 
5-years-old. It is a most common childhood problem because of its pathophysiological implications in adulthood 
and its social impact. This disorder can affect 5 to 18 % of children in different age groups. Boys are more 
commonly affected than girls and in a small percentage of children, it persists into adolescence. There are three 
pathogenetic mechanisms to be regarded as important, namely nocturnal polyuria, nocturnal detrusor 
overactivity and high arousal threshold. These may all, in turn, be explained by a common underlying 
disturbance at the brainstem level (Ciftci et al., 2012).  
 Increased sodium and potassium excretion both have been implicated in the pathogenesis of 
monosymptomatic nocturnal enuresis (MNE), whereas indications of hypercalciuria have been demonstrated in 
enuretics. Of the hormones governing renal water and solute handling, atrial natriuretic peptide does not seem to 
be involved in the etiology of enuresis, but a study of the nocturnal levels of aldosterone and angiotensin II 
indicates a role for these hormones in MNE-related nocturnal polyuria. Furthermore, renal prostaglandins have 
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emerged as a possible key molecule in the etiology of enuresis-related polyuria, and it has been demonstrated 
that children with dDAVP-resistant enuresis nocturna may excrete larger amounts of prostaglandin E2 (PGE2), 
the major renal autacoid, in urine. Because prostaglandin synthesis inhibition effectively treats bed-wetting, it 
seems reasonable to suggest a role for prostaglandins in the physiological mechanisms causing MNE (Kamperis 
et al., 2006). 
 
Subjects and Methods: 
 
 This case control study was conducted on 60 children, 32 males (53.3%) and 28 females (46.7%); during 
the period of clinical part of the study from June 2010 to October 2010. They were divided into two groups: 
group I (enuretic children) and group II (controls). Group I included 30 cases with PMNE, they were 
consecutively selected from patients attending the Child Psychiatry Clinic, Children’s Hospital, Ain Shams 
University for follow up. Cases inclusion criteria included: a frequency of two or more enuretic episodes per 
week for at least 3 consecutive months in an age of 5 – 18 years while the exclusion criteria included: associated 
day time wetting, dry period of more than 3 months duration since birth, associated neurological abnormalities, 
associated chronic illness and any significant drug intake. Group II (controls) included 30 healthy children. All 
enrolled children were subjected to a full history taking with special emphasis on personal history, 
developmental history, type of enuresis, number of episodes of bed wetting per week, duration, urinary 
symptoms, presence of constipation, and family history of similar conditions, thorough clinical examination 
laying stress on neurological examination and all body systems examination, complete urine analysis, urine 
samples were taken during night (23.00pm - 08.00am), and in the morning (08.00am - 10.00am), fasting blood 
samples were drawn from the cubital vein between 08.00am and 09.00am, osmolarity was assessed in each urine 
and blood sample, sodium and potassium concentrations were measured in each blood serum sample and urine 
sample using Olympus auto analyser AU400 (Olympus Diagnostica, Japan)  and measurement of prostaglandin 
E2 in each urine sample using kits for ELISA (enzyme- linked immunosorbent assay).  
 
Prostaglandin E2 measurement by ELISA: 
  
 Neogen Prostaglandin E2 Elisa Kit product # 404110 was used. This is an ELISA (enzyme-linked 
immunosorbent assay) for the quantitative analysis of prostaglandin E2 levels in biological fluid. This test kit 
operates on the basis of competition between the enzyme conjugate and the prostaglandin E2 in the sample for a 
limited number of binding sites on the antibody coated plate. 
 
Plasma osmolarity:  
 It was assessed by the equation: 
 
Plasma osmolarity = (2× Na) + (glucose/ 18) + (bun / 2.8). Glucose and Bun may be reported in (mg/ dL).The 
numbers shown in the equation above are used to convert from (mg / dL) to (mmol / L) (Purssell et al., 2001). 
 
Urine osmolarity:  
 
 It was measured by a Löser Micro-Osmometer (Type 15) (Löser Messtechnik,    Germany) (Bazari, 2007). 
 
Statistical analysis: 
 
 Analysis of data was done by IBM computer using Statistical Program for Social Science (SPSS), 2011 as 
follows: 
 Description of quantitative variables as range, mean and SD. 
 Description of qualitative variables as number and %. 
 T-test and Mann –Whitney test were used to compare the parametric data. 
 Chi-square test was used to compare the non parametric data. The results were concerned statistically not significant 
at P > 0.05, significant sign at P < 0.05, highly significant at P < 0.01.  The results of the present study could be 
summarized in the following points, tables and figures.   
 
Results:   
 
 This case control study was conducted on 60 children, 32 males (53.3%) and 28 females (46.7%), they were 
divided into two groups: group I (enuretic children) and group II (controls). Group I included 30 cases with 
PMNE; 14 males (46.7%) and 16 females (53.3%), their ages ranged from 5 to 12 yrs with a mean value of 8.2 
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± 2.1 yrs. Group II (controls) included 30 healthy children; 18 males (60%) and 12 females (40%).Their ages ranged 
from 5 to 12 yrs with a mean value of 7.7 ± 1.9 yrs. 
There were statistically non significant differences between studied enuretic children and controls as regards morning 
and night urine osmolarity (P = 0.466, 0.220 respectively) Table (1).       
 
Table 1: Comparison between cases and controls as regards morning and night urine osmolarity. 

Group 
 
 

Variable 

Group I 
Enuretics 
No = 30 

Group II 
Controls 
No = 30 

t – test 

Range Mean ± S.D. Range Mean ± S.D. T p 
Morning urine 

osmolarity 
(mOsm/kg) 

91-760 320.45 ±213.6 138-828 285.05 ±155.1 -0.734- 0.466 

Night urine 
osmolarity 
(mOsm/kg) 

75-665 243.53 ±192.91 65-540 194.90 ±94.80 -1.239 0.220 

N.B. Student”” t “” test was used for statistical comparison  
P > 0.05 = statistically insignificant  

 
 There were statistically non significant differences between enuretics and controls as regards morning 
urinary Na (P = 0.264). On the other hand, mean values of morning and night urinary K, and night urinary Na 
were significantly higher in studied enuretics compared to controls (P = 0.000, 0.016, and 0.000 respectively), in 
addition,  mean values of plasma osmolarity, serum Na and serum K were significantly lower in studied 
enuretics compared to controls (P = 0.000, 0.000 and 0.001 respectively); table (2).  
 
Table 2: Comparison between cases and controls as regards morning urinary Na and K, night urinary Na and K, plasma osmolarity, serum 

Na and K. 
Group 

 
 
Variable 

Group I 
Enuretics 
No = 30 

Group II 
Controls 
No = 30 

 
Mann- Whitney test 

Mean ± S.D. Mean ± S.D. Z P 
MorningUrinary 

Na(Mmol/L) 
128.276 ±61.777 142.993 ±57.529 -1.116 0.264 

MorningUrinary 
K (Mmol/L) 

51.5000 ±33.759 21.3967 ±13.411 -4.55 0.000** 

Night Urinary 
Na (Mmol/L) 

285.433 ±53.88 168.133 ±105.01 -3.823 0.000** 

Night Urinary 
K (Mmol/L) 

84.866 ±38.95 60.696 ±27.282 -2.412 0.016* 

plasma osm. 
(mOsm/L) 

278.566 ±9.839 288.220 ±7.8415 -3.8- 0.000** 

Serum Na 
(Mmol/L) 

135.296 ±4.780 139.800 ±4.262 -3.7- 0.000** 

Serum K 
(Mmol/L) 

4.2133 ±.4344 4.4600 ±.3168 -3.4- 0.001** 

N.B. Mann- Whitney test was used for statistical comparison 
P > 0.05 = statistically insignificant, P value < 0.05* = statistically significant P value < 0.01** = highly significant 

 
 Mean values of morning and night urinary prostaglandin E2 were significantly higher in studied enuretics 
compared to controls (P = 0.000, 0.000 respectively); table (3) & figure (1), (2).  
 
Table 3: Comparison between cases and controls as regards morning and night urinary prostaglandin E2: 

Group 
 
 

variable 

Group I 
Enuretics 
No = 30 

Group II 
Controls 
No = 30 

 
t - test 

Mean ± S.D. Mean ± S.D. t P 
Morning urinary PGE2 

(ng/ml) 
32.316 ±2.9060 28.826 ±3.0265 - 4.556 - 0.000** 

 
Night urinary PGE2 (ng/ml) 30.973 ±3.67066 26.370 ±2.83405 -5.437- 0.000** 

N.B. Student”” t “” test was used for statistical comparison P value < 0.01** = highly significant 
 

 The higher the morning urinary prostaglandin E2, the higher the morning urinary K (r = 0.408, p = 
0.001), the higher the night urinary Na (r = 0.434, p = 0.001), the lower the serum k (r = - 0.285, p = 0.027) in 
enuretics, the higher the morning urinary K in controls (r = 0.487, p = 0.006).  
 The higher the night urinary prostaglandin E2, the higher the night urinary Na (r = 0.562, p = 0.000), 
the higher the night urinary K (r = 0.601, p = 0.000), the higher the morning urinary K (r = 0.438, p = 0.000), 
the lower the plasma osmolarity (r = - 0.423, p = 0.001), the lower the serum Na (r = - 0.404, p = 0.001) in 
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enuretics, the lower the plasma osmolarity (r = - 0.427, p = 0.019), the lower the serum Na (r = - 0.440, p = 
0.015) in controls, table(4).  
 

 
 
Fig. 1: Comparison between cases and controls as regards morning urinary prostaglandin E2. 
 

 
 
Fig. 2: Comparison between cases and controls as regards night urinary prostaglandin E2. 
  
Table 4: Correlation between different studied quantitative variables in cases and controls: 

Variable I Variable II cases Controls 
r p r P 

Morning PGE2 Morn.uri.osm. - 0.007 0.960 0.081 0.671 
Nig.uri.osm. - 0.01 0.935 - 0.040 0.835 
Morn.uri. Na 0.009 0.944 0.214 0.257 
Morn. uri. K 0.408 0.001 0.487 0.006 
Nig.uri. Na 0.434 0.001 0.113 0.552 
Nig.uri. K 0.253 0.051 - 0.041 0.831 

plasma osm. - 0.116 0.378 - 0.091 0.633 
Serum Na - 0.130 0.323 - 0.106 0.577 
Serum K - 0.285 0.027 - 0.263 0.160 

Night 
PGE2 

Morn.uri.osm. 0.061 0.641 0.130 0.493 
Nig.uri.osm. 0.063 0.635 0.002 0.990 
Morn.uri. Na - 0.111 0.399 0.256 0.171 
Morn.uri. K 0.438 0.000 - 0.024 0.900 
Nig.uri. Na 0.562 0.000 0.207 0.272 
Nig.uri. K 0.601 0.000 0.239 0.204 

plasma osm. - 0.423 0.001 - 0.427 0.019 
Serum Na - 0.404 0.001 - 0.440 0.015 
Serum K - 0.077 0.559 - 0.138 0.466 

N.B. P < 0.05 = statistically significant; P < 0.01= statistically highly significant.  

 
 There was a positive correlation between night urinary PGE2 and night urinary excretion of  both Na and K 
in studied enuretics (r = 0.562, 0.601, p = 0.000, 0.000 respectively); figure (3) (4).  
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Fig. 3: Correlation between night urinary PGE2 and night urinary excretion of Na in studied enuretics. 
 

 
 
Fig. 4: Correlation between night urinary PGE2 and night urinary excretion of K in studied enuretics. 
 
Table 5: Comparison between morning and night values in studied enuretics and controls. 

 mean ± S.D. Paired samples test 
T P 

Enuretics Mor.ur.PGE2 
Nig. ur. PGE2 

32.3167 
30.9733 

± 2.9060 
± 3.6706 

1.888 0.069 

Mor. ur. Na 
Nig. ur. Na 

128.2767 
285.4333 

± 61.777 
± 53.889 

-10.429- 0.000** 

Mor. ur. K 
Nig. ur. K 

51.5000 
84.8667 

± 33.759 
± 38.957 

-4.780- 0.000** 

Mor. ur. Osm. 
Nig. ur. Osm. 

320.4533 
243.533 

± 213.65 
± 192.91 

14.440 0.000** 

Controls Mor. ur. PGE2 
Nig. ur. PGE2 

28.826 
26.370 

± 3.026 
± 2.834 

4.433 0.000** 

Mor. ur. Na 
Nig. ur. Na 

142.9933 
168.1333 

± 57.529 
± 105.01 

-1.311- 0.200 

Mor. ur. K 
Nig. ur. K 

21.3967 
60.6967 

± 13.411 
± 27.282 

-6.979- 0.000** 

Mor. ur. Osm. 
Nig. ur. Osm. 

285.0533 
194.900 

±155.130 
± 94.804 

5.635 0.000** 

N.B. Paired test was used for statistical comparison  
P > 0.05 = statistically insignificant P value < 0.01** = highly significant 

 
 There were statistically non significant differences between mean values of morning and night urinary 
PGE2 in studied enuretics (P = 0.069) while in controls, the mean values of morning urinary PGE2 were 
significantly higher compared to night urinary PGE2 (P = 0.000). In addition, the mean values of morning urine 
osmolarity were significantly higher in both studied enuretics and controls compared to night urine osmolarity 
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(P = 0.000 for both). On the other hand, mean values of night urinary Na, K were significantly higher in studied 
enuretics compared to morning urinary Na, K (P = 0.000), while only mean values of night urinary K were 
significantly higher in controls compared to morning urinary K (P= 0.000); table (5). 
 
Discussion: 
 
 Primary Monosymptomatic Nocturnal Enuresis (PMNE) is a very common clinical problem that affects up 
to 20% of children at five years of age, and nearly up to 2% of young adults. It is defined as an involuntary 
voiding of urine during sleep, at least twice a week for at least three consecutive months, in children over five 
years of age when bladder control should be established, in the absence of congenital or acquired defects of the 
CNS. This is a troublesome symptom known to adversely affect the quality of life (Ozgur et al., 2009). 
 An increase in diuresis and solute excretion is of essential significance in the pathogenesis of some forms of 
nocturnal enuresis. Studies of both mechanisms of increased diuresis and decreased ion and fluid reabsorption in 
the nephron have lead to the suggestion that these phenomena depend on a decrease in ion reabsorption, 
including that of sodium and magnesium ions, in the thick ascending limb (Kuznetzova et al., 1998; 2000). It is 
in this part of the nephron that the sodium ion reabsorption is increased by vasopressin and decreased by 
prostaglandins (Rouffignac, 1995). 
 Since vasopressin and prostaglandins are antagonists in the regulation of water transport (Breyer et al., 
1990). The available data from the literature suggested that either disturbances of the local prostaglandin 
synthesis or a change in response of renal tubular cells to prostaglandins may have some role in the pathogenesis 
of nocturnal enuresis (Kamperis et al., 2006). 
 In the current study, the enrolled cases and controls were comparable as regards morning and night urine 
osmolarity (p > 0.05). In agreement with these results, Kamperis et al. (2006) and Kuznetsova et al. (2000) 
found that there was no significant difference in early morning urine osmolarity observed between non enuretic 
children and enuretic children at any age. Similar results were also reported by Eggert et al. (1999) who 
suggested that these results were consistent with the well established fact that AVP secretion is a function of 
plasma osmolarity but they have contradicted the hypothesis that enuretic children have AVP deficiency that has 
to be supplemented. Rather, they considered their results to point to a defect at the AVP receptor level or of the 
signal transduction pathway. In contrast, Kuznetsova et al. (1998) found a higher morning urine osmolarity in 
the enuretic than in the healthy children. While as regards night osmolarity, Kuznetsova et al. (1998) and Radetti 
et al. (2001) found the same osmolarity of the nocturnal urine in both groups of children. On the other hand, 
Kuznetsova et al. (2000) found a higher night urine osmolarity in enuretics. Similarlly, Kamperis et al. (2006) 
found that urine osmolarity decreased significantly at night in all their studied groups (enuretics & controls) 
though to a lesser degree in polyurics who excreted 40% more solutes during sleep. While, Abdel Fatah et al. 
(2009) found that night urine osmolarity was significantly lower in enuretics with nocturnal polyuria when 
compared to both controls and enuretics without nocturnal polyuria. 
 In the current study, the enrolled cases and controls were comparable as regards morning urinary Na (p > 
0.05). Similar results were reported by Kuznetsova et al. (2000). Meanwhile, Vurgun et al. (1997) found that 
enuretics had significantly higher fractional excretion of Na than controls. 
 In the current study, enuretics had significantly higher results of morning urinary K compared to controls (p 
= 0.000), and there was a positive correlation in cases group between morning prostaglandin and morning 
urinary excretion of K (p = 0.001). In the study of Kuznetsova et al. (2000) morning urinary K was higher in 
enuretics compared to controls but the difference was statistically non significant.  
 In the current study, enuretics had significantly higher night urinary Na and K compared to controls, (p = 0.000, 
0.01 respectively). Also, there was a positive correlation between night prostaglandin and night urinary excretion of 
Na (r = 0.562, p = 0.000), and a positive correlation between night prostaglandin and night urinary excretion of K (r = 
0.601, p = 0.000).  
 The foregoing findings were similar to those of Kuznetsova et al. (2000) who found that night urinary Na, K 
were statistically significant higher in enuretics than controls, and showed a positive correlation in enuretics 
between the excretion of prostaglandin E2 and urinary excretion of Na ions (r = 0.49, p < 0.018), no such 
correlation was found in their control group (r = - 0.18, p > 0.05). Similarlly, Kamperis et al. (2004) found that 
children with NE and dDAVP resistant nocturnal polyuria excrete large amounts of salt and other solutes at 
night compared to controls, and Kamperis et al. (2006) found that children with nocturnal polyuria excreted 
larger amounts of Na at night than non polyurics and controls. 
 In the current study, enuretics had significantly lower plasma osmolarity, serum Na and serum K levels compared 
to controls (p = 0.000, 0.000 and 0.001respectively).In the study of Radetti et al. (2001) a greater plasma osmolarity 
was found in patients compared to controls (p < 0.001), they measured plasma osmolarity at night, but in the current 
study plasma osmolarity was measured at morning. This could give an explanation of the difference recorded in the 
current study compared to Radetti et al. (2001), in the current study serum osmolarity was lower in enuretics 
compared to controls because of loss of solutes at night, as night urinary sodium was higher in enuretics compared to 
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controls, so morning serum osmolarity is less in enuretics compared to controls. On the other hand, Abdel Fatah et 
al. (2009) showed that night plasma osmolarity showed statistically no significant difference comparing 
enuretics with polyuria, enuretics without polyuria, and controls.  
 The leading role of prostaglandins in changes in ion excretion and in the clinical picture seems to occur in 
the case of a decreased role of some other factors in the regulation of ion and water excretion by the kidney 
(Kuznetsova et al., 2000), renal prostaglandins also may have a natriuretic effect, via reduced Na+ reabsorption 
in the thick ascending limb and in the collecting tubules (Satoh et al.,1992). 
 In the current study, enuretics had significantly higher values of morning and night urinary prostaglandin 
compared to controls (p = 0.000 and 0.000 respectively). In agreement with the results of the present study, 
Kamperis et al. (2006) found that urinary prostaglandin E2 excretion was significantly higher in polyurics.  
Meanwhile, Kuznetsova et al. (2000) found that there was no statistically significant difference between cases and control 
group in night urinary prostaglandin E2.  
 Prostaglandins could play a part in the development of a pathological state, if their participation in regulation of 
function became predominant compared to other physiologically active substances affecting renal function. In this 
case, production of prostaglandins could remain the same but the effects of other factors (e.g., ADH secretion) would 
decrease without a substantial change in prostaglandin production (Kuznetsova et al., 2000). 
 In the current study, both groups of enuretics and controls had a statistically significant higher morning 
urine osmolarity compared to night values (p = 0.000 for both, enuretics and controls). Similarly, Kamperis et 
al. (2006) found that urine osmolarity decreased significantly at night in all groups (enuretics, controls), though 
to a lesser degree in polyurics who excreted 40% more solutes during sleep. On the other hand, Rittig et al. 
(2006) found that normal subjects showed a diurnal rhythm in urinary excretion rate reciprocal to urinary 
osmolarity with a low and highly concentrated nocturnal urinary output and in enuretics, however, this normal 
diurnal rhythm was absent. 
 In the current study, in enuretics, night urinary Na, K were statistically significant higher than morning 
results, (p = 0.000 for both). In controls, there was a statistically no significant difference between morning and 
night urinary Na (p = 0.2), while night urinary K was statistically significant higher than morning results (p = 
0.000).  In addition, in enuretics, morning urinary PGE2 values were higher than night urinary PGE2 values, but the 
differences were statistically non significant (p = 0.069). Meanwhile in controls, morning urinary PGE2 values were 
statistically significant higher than night urinary PGE2 values (p = 0.000). 
 In agreement with the previously mentioned results, Kamperis et al. (2004) found that in healthy children, 
there were circadian variations in urinary output and electrolyte excretion with reductions in the amount of urine 
and solutes excreted during the night and this was positively correlated with analogous reductions in the amount 
of PGE2 excreted at night. Meanwhile children with NE and dDAVP resistant nocturnal polyuria excrete large 
amounts of salt and other solutes at night due to increased nocturnal PGE2 excretion. Similarly, Kamperis et al. 
(2005) found a decrease in the amount of electrolytes (Na, K) excreted at night, in healthy children and that in 
healthy children, excretion of PGE2 showed a clear circadian variation with a 30% decrease at night. Also, 
Kamperis et al. (2006) found that polyurics had a significantly higher excretion of Na during nighttime and 
urinary PGE2 excretion was particularly stable throughout the day but declined significantly at night.  
 These findings revealed a potential role of PGE2 in the pathogenesis of PMNE, so conduction of further 
studies is needed to evaluate the efficacy of anti-prostaglandins as a therapeutic alternative in treatment of 
PMNE in comparison to other therapeutic modalities for such a disorder.  
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