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Circadian Rhythm of ADH, Hypercalciuria, and
Solute Diuresis as Pathogenesis of Enuresis

Nocturnal polyuria is one of the main pathogenic mechanisms of enuresis. Disturbance
of circadian rhythm of antidiuretic hormone (ADH or AVP), hypercalciuria, and/
or solute diuresis are considered to cause nocturnal polyuria, which in turn causes
enuresis in patients with relatively small bladder capacity and high threshold for
awakening. Evaluation of these factors would guide the therapeutic approach for
enuresis.

Key Words: Enuresis, Nocturnal polyuria, Circadian rhythm, Antidiuretic hormone,
Solute diuresis

OFxF(IRIE, nocturnal enuresis)S Hhol] HA= 5w 712]7)71 &
A Gb= S dRAET oFttell &9 77 )7) Ha 2HE B A= oF
e (IR, nocturia)g}l SHCH1D. 5AH] 1|9 ofz= AJe]d e 7oA
W 7H|717F @437 o) el MAEE AolB = o]l EAI= AJ7tst
] gom, 54 ol dellA ok} A= 9 (F 23] o], 37HY ool
Hzo] Ao 7 o7t} 3-670Y == 1 ol AW 777} HIE ofHo]
ol A AT ofx S o)A obFolgt Y, &M 77 I7F HAE A
o] = A5 YA obxF ok 75%)0lef g2l o] ofolol|A]
3 AN, 5A| Hole] oF 5%, oJote] 3% (9] g dataol] oJshH 74| o
Ho]9] 5-10%)7}F Sashe F2dolH, dAFo] Skt mat 1 frEES 7
2:510] 1541 1% vgko]oH3].

obxZe] AT 2 Wol 50X 1 Q= AL ok thix, oFgke] it
e} (detrusor overactivity), 18] H A] Z}Ae] &X|(threshold)7}
=2 219 A7 7ol eH4-6].

HLol|= o] A7IA7} B H7H brainstem) $59] FA|ZR-E 7]Q1%H}
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15 AREL ], FHOEHE S S Fdehe
locus coeruleus7} $3=2] vl 3= AlE (pontine micturition
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A8k (hypothalamus) 2] Al329} GAF019)7] wfi-o]
=3

AL oA = 37k Hejde] F ok St
o] 75%eA] M) o}k The] WA 1Ale] Hhste] 7]
ot e}
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of7ke] AHEko] BIAAIA O 7 WO Ao ma HFago]
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W 419 130% ook, ofzk vzt il
bk i), obn gbae) 79 S
240] el 9B oz} Ak, ol v 3
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24w dFo] 8FF & ARl wEt Wstkel= A, =
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Fig. 1. Diurnal variations in the urine volume (blocked) and body
temperature (curve), when100 cc. of water is given hourly [13].

oFzke] o] ulgo] 181 vlgtols] 7}5eo] g 7
Q7 B, o7ttt Qi A}l vlEhe] A=) 93t
FHEAF7F ETHI01,
29 A7F FoF koA -3 EX] 1 A1) HF
& AR} We oko] o] A7|H of7kw ) whAlE,
3 71 - 2w0] Wagel) F23) ArHE A& =71
dofup o5 A His A - ol EAVF 9= - b
<ol E= Zlo|th(Fig. 3) [6]
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Diurnal rhythm of urinary excretion in enuretic and in normal children.

Fig. 2. Diurnal rhythm of urinary excretion in enuretic and normal
children. Urine volume (blocked) and body temperature (curve),
wher_HOO cc of water is given hourly. Adopted from [10] with per-
mission.
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Fig. 3. Nocturnal diuresis volume (mean + 1SD) for age groups
of 5 to 10 years old and older than 11 years against reference
frame of expected bladder volume (mL). Closed circle, patient
with mono-symptomatic nocturnal enuresis (MNE). Open circle,
patient with non-monosymptomatic nocturnal enuresis (NMNE).
Adopted from [6] with permission.
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T ofefgh Al dRke] 2dL ofugl 7o R X
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AFAE B3l o178 filrate= Al Jgta-e AA
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o] 11 A} Anj ko] WstE vEpd Zloftt o5l A st
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1) Antidiuretic hormone (ADH) EEE= Arginine
vasopressin (AVP)

T AFTE 2Hsh= 7 588 R Folns
EX(ADH &= AVP)olt} o] 3 2&.0 APtalioA uhs
o)X 1 posterior pituitary glandel] #=lo] ez} Ik
o] 71A3AY A osmolarity7} Z718HH E8]==d), o)
213 &3 osmolarity?] W3} S A A3 EA5)=
osmoreceptor’} 7443t} AVP7| EH|EH o] dhAys)
o] TS AFSH HH, T2l dEFTA =T F
A o] AlE ErHi4l

AVPS] Fgef|A 9] 2§ 717E b33} ZTHIS). AVP7E
T2 e principal A|328] 714 SH Al zEte] 9JX|gH
V2 AVP receptorel] A5l Gas @) A HAEAA S &
&}od adenylyl cyclase®} A3tsial, A=) ATPE cyclic
AMP=E ®W3}5}71 o]+= phosphokinase AZ ZAJSIAA, 2
Ko 2 AE Y A E(intracytoplasmic vesicle)ol] Fo13)

= & 5221 aquaporin2 (AQP2)E WA urinary space)
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Fig 4. Schematic representation of the effect of AVP to increase
water permeability in the principal cells of the collecting duct.
GTP; guanosine 5'-triphosphate, Gs; stimulating G-protein, AVP;
arginine vasopressin. Adopted from [16] with permission.
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2= A AVP A4, GIT G2 2 AVP F527F A& 1)
SIEH| = E8lalAQPE] F5/0FXE BI&} ofXtE Ao ¢F
& zfo]7} glo] GlarellA] BAIR S 2 frole Bom, G3
T2 AVP 557} A9kIF HIS3H| = Batal ofgh &
ko] WolthFig. 5B). o]i= AVP o]2]¢] T} Q1lo] of
7F ohed] o2 283 A AAFsh=H], dellA
desmopressin ool = B0 oF7F thn 7} SAE |
B A9 U A 0E YFHTE AVP 0]2]9] ot th
o] Aol o 7 AREE= QA= g F(hypercalciuria)
3} -84 o] (solute diuresis) ©]c}

4, g F} OfxE
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Fig. 5. (A) Representative Western blot of urine samples probed
with AQP2 antibody. In healthy children, the AQP2detected in
a daytime urine sample was nearly half of that detected in the
nighttime urine sample. In contrast, the situation was reversed
in most of the enuretic children from the three groups tested. (B)
The ratio between the expression ofAQP2 in the daytime and the
nighttime urine samples (D/N AQP2 ratio) in enuretic children (G1,
G2, G3) and in healthy children (G4). Adopted from [11] with
permission.
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=) [34-30], Valenti $[11]& ofx= $R=9] ot &~
Ca/Cr#} fractional excretion (FE) of Na7} dwkelof] 1]s|
=7}l 9131 FE of K= 743191 2™, renin¥} aldosterone
o] ZAaste] 8-S XYtk Kunzetsova 5[37]& ok
= Aol A 29 osmolalitys= dwkely} thEA] ko

Hypercalciuria

Apical CaR activation

m‘mw &

PKC formation
activation

Impaired AQP2
insertion

yb Urinary concentrating
ability

ollecting duct principal cell

Fig. 6. Proposed mechanism by which hypercalciuria interferes
with water reabsorption in the inner medullary collecting duct.
Extracellular calcium activates the calcium-sensing receptor
(CaR), leading to decrease of cAMP levels through inhibition of
adenyl cyclase and/or activation of phosphodiesterase. [Ca2+]
i and diacylglycerol (DAG) can activate calcium-dependent and
calcium-independent protein kinase C (PKC) isoform. CaR activation also
results in formation of F-actin—containing stress fibers probably
through Rho activation. All these processes contribute to the
reduction of forskolin-induced aquaporin 2 (AQP2) targeting to
the plasma membrane thus decreasing water reabsorption from the
lumen which would contribute to impairment of kidney con-
centrating ability. Abbreviations are: ER, endoplasmic reticulum;
PIP2, phosphatidylinositol-4,5-bisphosphate; IP3, inositol-1,4,5-
trisphosphate; AC, adenylate cyclase; Gs, subunit of the s-type
heterotrimeric G proteins; V2, vasopressin type 2 receptor; AVP,
arginine-vasopressin; PDE, phosphodiesterase. Adopted from [31]
with permission.
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Fig. 7. (A) Calcium-to-creatinine ratio (mg/mg) is plotted against absolute value of nocturnal
diuresis . Despite wide scattering of individual values, there is a significant linear regression (P<0.001)
between nocturnal diuresis rate and calcium-to-creatinine ratio. Dashed lines represent cutoff
values of 0.21 and 0.35. (B) Calcium-to-creatinine ratio (mg/mg) is plotted against osmolar
excretion normalized for urinary creatinine (mOsmol/kg H,0)/creatinine (mg/dL) for nighttime
collections, revealing significant correlation (linear regression P<0.001). Dashed lines represent
cutoff values of 0.21 and 0.35. Adopted from [28] with permission.
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