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Water and Sodium Balance of Body Fluid

Ji-Hong Kim, M.D.

Department of Pediatrics, College of Medicine, Yonsei University, Seoul, Korea

The maintenance of the osmolality of body fluids within a very narrow physiologic range
is possible by water balance mechanisms that control the intake and excretion of water.
Main factors of this process are the thirst and antidiuretic hormon arginine vasopressin (AVP),
secretion regulated by osmoreceptors in the hypothalamus. Body water is the primary de-
terminant of the osmolality of the extracellular fluid (ECF), disorders of body water homeo-
stasis can be divided into hypo—osmolar disorders, in which there is an excess of body
water relative to body solute, and hyperosmolar disorders, in which there is a deficiency
of body water relative to body solute. The sodium is the predominant cation in ECF and
the volume of ECF is directly proportional to the content of sodium in the body. Disorders
of sodium balance, therefore, may be viewed as disorders of ECF volume.

This reviews addresses the regulatory mechanisms underlying water and sodium metabo-
lism, the two major determinants of body fluid homeostasis for a good understanding of
the pathophysiology and proper management of disorders with disruption of water and
sodium balance. (J Korean Soc Pediatr Nephrol 2010;14:111-119)

Key Words : Water balance, Sodium balance, Arginine vasopressin (AVP), Thirst
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1. M| 32 3! 0| =(Body fluid compart-
ment and movement)

w AAY] FAWTEF(total body water,
TBW) 2 Al52] 55-65%% *HAlatn] o]} A
of whet Gebxich kARl AlAjote] Hjofo] A9 &
ATAL AL 75%7F o TAEM, vlsohs
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ofe] A 7o) 5] Ao ghko] HobA| &
Sgo] W dole] vlgte] Ao o] 7t
Aeto g AJ ofzk= AAl AF2 50%E SIS
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ZAWGEF (total body water, TBW) 2] 2/3
= /‘1L_141°—’.4(1ntracellular fuid, ICF), 1/32 A3
9] (extracellular fluid, ECF) 2.2 %™, A
E9)Ne] 3/4:% M (interstitial fluid, ISF), 1/
4-& JAM (plasma water, PW) o] x}x]3H}(Fig.
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slo] MEL]Nel= F2 Na'7F EA48h, Al Ee]
o= K'7F EAlste] AHeds dAshs 79 &4
2 Zgsta A3, 4].
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Fig. 1. Body fluid compartment and distribution.
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WA (oncotic
sh, 75 FAel s s
SIth3, 4] (Fig. 3).

AR ] o FEGHFD ol &
OF FEE 4 qlom, AA ARtk I
UEFY 5%H3}t(hypo —or hypernatremia) &
YeRHA =a1, o] A el olste] 27w
t}. o]} o] 9] E419] Ao ofato] Ao
SERslel] tiXsH] == S gt Wl (water

494 o]AL

ICF ECF(ISF)  ECF(PW)

TBW ratio 8

OO OO O D |[WaXwa i Na | Wad |

OO OO O G [ v Ml Ga> |
predrd gl gy @ @ D ROl

Cell membrane Capillar aI
Fig. 2. Osmolality of body fluid compartment.
Abbreviations : ICF, intracellular fuid; ECF, ex-
tracellular fluid; ISF, interstitial fluid; PW, plasma
water; TBW, total body water.
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balnce) &2 423 thA}(water metabolism) 2} g+
ol Az ARE AW F YEFD gste] 24
B2 AN §4 o (hypo— or hypervolemia)
= AW YEF & ol gste] -k Az
& 59| Fraddee] Welel thxste] A & HE
Fero] 29]8 2AEE PAHS UER WeA(Na'
balance) & UYEH tiAH(Na' metabolism) 2kaz

3t} 1, 4, 71 (Fig 4).

2. 22 WHA(Water balance) E2 %
CHAKWater metabolism)

Hr

SR EECELE R EEREEREE RS

ICF ECF(ISF) ECF(PW)
Crc ) D (Na*)
D
D
@red @red

Cell membrane Capillary wall
Fig. 3. Movement of water and solutes among
compartments. Abbreviations : ICF, intracellular
fuid ECF, extracellular fluid; ISF, interstitial
fluid;, PW, plasma water; TBW, total body water;
Prot, protein; Glu, glucose.

Body fluid balance
Osmolality andior Volume

Volume
regulation

Sodium
balance

Water
balance

Osmo
ion &

regulation

(osmolarlity of body fluid ( body fluid volume

-> plasma Na* concentration -> total amount of Na*)

Fig. 4. Two main factors of body fluid balance
(water balance and sodium balance).
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Water balance
Osmoregulation
Tonicity control

Decreased
free water

—

Osmoreceptor
in Hypothalamus

7

Thirst

[ e e

&
AVP |y
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%l
"’s.

Increase free water by
water ingestion

Decrease free water by
urine excretion

Fig. 5. Two main

factors of water balance. Ab-

breviation : AVP, arginine vasopressin.

ceptor) 2 F4W, s, el sk A
484 (stretch receptor) of|A 3= WS 744
St 4TS Esith 55 A W ARelA &
WG9 A= Ge] WskE T AFReke

of ¥ wizksitty deA 9lom, ¥4
1-4%Rt v AlskA ®sletoie 245 jE-go] AJ=)
w, G Wsle)] ogk 453 1 X7} Fof o
4—8%°] WsP7t ole uf 2% wkgo] AAETH 8-
11].

TR 23 e olsfieh] ety Ee
W2 YA A= gste] 1889 = (free
water) & PF 795 AZbE B, AaEe] o]
Ef s57F AskEan, Al AREete] A S
7VE A °L°] Hobd wj7hA] AR Eol o3t

A, §58 S80] /3% AE ], 1/38 A
ko] AAAO0F A} A
SUsHA AstETHEFig. 6). 12E<]
= W2 S5 (free water) 2] A4
37} AlFE HellA, 1/30] A|EEL] Y eflA] A
o] ﬂ BE #E9 wrrt #dsH Sk, ¢
o] F4¥ HiEe] e v Wishs €% Na 5%
o] W3tz Fdech

Osmolality
ICF>ECF  «--vvv-vn--- > ICF= ECF
ICF nl ICF |
ECF(ISF)y, [_] ECF(ISF),
ﬁ H,0
ingestion 773 o EW.
S [ECFPW) Y ECF(PW)}

Fig. 6. The responses of body water redistribu-
tion after free water ingestion. Abbreviations :
ICF, intracellular fuid ECF, extracellular fluid;
ISF, interstitial fluid; PW, plasma water; FW,
free water; PNa, plasma concentration of Na®.
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2) &0|=5=2F(Arginine vasopressin, AVP)

(1) AVPe] & gl &2 (Osmotic) —E‘—B]Z]-:L

£40] gl =58 T (free water) 2 HiZ
A= 7 53 Q4 3lshs g9 —Hﬂ]
¥ AVPS] sXolth AVPE AMEHtol A wHEo
A HskEAl 5ol AE ] vk g 2p=
oJste] Foly 2 Fn]En) FH]E AVPE AlAd
= Aol EAsH= V2 receptorel A-&-ste]
aquaporin (AQP)—27} apical membrane .2 9]
Foto] FEFHE STHAIRICE ISt AR
FH(free water) & WS+E Z7MA7]12, 1 A3
Qo] sl BvH(12, 18] (Fig. 7).

AVP #H|E A=k 29l AFFete] ®skel
A NwFe] sty 7 s o8kt @) AR wist
Aol o5k AVP 1] 8] Al dsitol] EAeh=

AFEoLS=2 7] (osmoreceptor) o 2l8ke] e A (os-
motic) Ao 7HA| ¥ o] vehdtt iz E7e] A
o] Aol 1-2% FErt F7kstol e AVP 4]
7F AR, S ARFSRe] H3k= AVPE] s}
I AT s ks e st Aol |10,
11] Fig. 8).

(2) AVPS H|ZAHA (Non osmotic) #H| A=

AVP2] #H]E A=sh= B]7%¢3/d (non osmotic)
ATl Fadgdads %L—Lﬂ o]Z <I%+ Angio-

Al
’Basolatera AQP4

Fig. 7. Action mechanism of AVP in the collec-
ting duct. Abbreviations : AQP, aquaporin; AVP,
arginine vasopressin.
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tensin 119] <7}, nausea, hypoglycemia, stress,
drugs (nicotine, narcotics, vincristine, cyclo-
phosphamide, chlorpropamide) ] o4} 1
FTAME FE2d4% T2 (hypovolemia) 7} 71
75t v AVPEH] 9] A= g jlo] At ARt
solX gl o] AVP 8] A= AHERe] mlAsk
Hstoll= ZstAl WEgskAIRE, Fstoluh &

F

o] g Haltel= @ vz Hiﬁiv} wkaw
Z7] FauAre] 2dels fFaddeo] wghh
= AR Bl oS So% 98-S st S-S
ok 4= 911, wlAlE fadgate] Wl s AVP
WA7E oFeRA|RL ©F 8% o] Al fraddE W
7} Qlom, AVP w87} 3A438] S7E 7] ARkt
CH14-17]. A3 o= vlAst Fadds s
Bl A= AHEgke] W AVP IS #9-sh
Eéxﬂ A7) Ad3kE AVP Fu9] 5 A=)

GgeFo] RIstE SAA FNFIAR Ak AlA ¥

sell tiA skl a= & 5 AHH18].

3) 2 WHAUMS| 2
(AVP)| M A&
o) walel] U shs Al 8o dig
253} AVPS 242 FHehd Fig. 99 2t A
o 0] F st gl AEelA Lk Ao

Zt =01 0| S22

AVP

(pg/ml)
20 : .

start point of thirst
15 -
10 -
5 -
Posm
! ! J " (mOsm/kg)

285 295 305 315

Fig. 8. Change of plasma AVP (arginine vaso-
pressin) level and start point of thirst according
to change of Posm (plasma osmolality).
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Z(free water) o] Fae Aol AL S71= o]
oA, AN A o] 1 o] 291 ER F59] A
o] kL o] sh AHEe] e wEkrA
A7) gt A H 1, 2k

= 7P a3t 98-8 b, 7 AFHE F s

olsh FAle) AVP A APESH F7hE vk A
o]

3. LIES W&A(Na" balance) 2
LHAKNa" metabolism)

Ho] = L
o) 4101 AVPel 40}01 WA wspl o) ol

Free water loss
Decreased body fluid
Increased body fluid osmolality
hypernatremia

Hypothalmus osmoreceptor
Increased thirst
Increased AVP secretion
Water ingestion
Decreased urine output

l

Restore free water volume

and osmolality

Fig. 9. Flow chart of water balance after loss
of free water.

filtration rate, GFR), & E=*H|& intrarenal he-
modynamic change, angiotensin II, AVP, ANP,
dopamine, renal sympathetic nerve activity,

renal prostaglandins s°] ATH19].

1) LIEZo| Mz 272

HEREE AEFE APk 2ol

(g
Wt

A 1 S AYS) GE EFE
sl WSl Aol glrk. Ay AHFere] st
7 BEE fslel 1 HAFS Z7PIE B4

o

QArE 283k AAY, FAgF] A 52 YUY
EfS HHAE @3 7Ieo® &
g E ST AoR o gE 5= gl
Oup AR 28X 4k YEFS Ul AR
oflx] 543t AF &5 A dshe 842 4EA 9l
Ak, Abtel A= ARl e 2A] FAIEA (adre-
nal insufficiency) ©ll 2]3F Addison® A% UJE
F AFAET7E S = Ao kA 9}3—’, Ad-
disonH A% 15-20% A=q9F Yehdc)
i L}-EE iakg] 71—/\91_ Aﬂigouak,] 5\_
sk ofe] AT YEFS AHE = —oz‘

A k= Ao A Qo] HAFHETI 2 0le}7}
w7)ell= F-=eitt whebA] wiebE 22 A
52 34 YEF AHo] Ad5HE "J%}Oﬂ’ﬂ
= UERS Q9H o7 vz FHdlojol HHAS

=9

Al AT 20, 211.

9
§

2) AFoIAM e LIEE HiMd

Ao e EF wds dste Sast 27t
A QaE AFFAN g dEAHEOTE AFA
AL AFARAE I 7RG, AR A"
9] WA, AlA| 2AE B3 Bowman's capsule
Aol o] keal, AbAl RAE o] whallef] o3k
oncotic pressure &l 23to] F-E ™, AFEA
Hgo] S7hskel wet o bd GEF] Fael(fil-
tered Na* loading) ©] Z7}shd 9] A=l A9

l
UEF AF7E S71E 0] YER wjd®e] 24y

- 116 -



= tubuloglomerular feedbacke] YEFuA ] &
Q3 2RT|Ho 7 2e3H[22].

UEFIEE 2dsks A T2 xke adre-
nal 4EAEE #ojo)w, YA xdo) Na' -
wgel oato] YEFS] AFTE S7HAI7IAL ‘?ﬂ

o 79 K" uiAd& 7M1tk Adrenal mineral-
corticoid H]= o] Aol gJsto] FFE W=
o), 7} £ 23k Zo] angiotensin II ©]™ juxsta-
glomerular aparatusolx 21879 7471 A5
W, renins #H|3H ¥, renin®] #HF thrHEo]
angiotensin II 7} @t} 1 Hbef atrial natriuretic
peptide (ANP) ¥ &7HFeHe] S7He g

= HIE S7PI7IE Ao® dEAaL k. Al
Ao YEF o] 282 AlrAol g 9l deA

& 338k o]9Jo = renal perfusion pressure$}
]78“4191 HoIsHA W3} AVP, dopamine, Al
A &,

Hl=
T

N
N,
rlo
>~

¢

A1 prostaglandins 59
o7 AdHA (23, 24].
Z7Fst A5 o= AUUERS] F
o] 7kt Aitolw] UEF WA V] of wbA
2o e] EF vl d®e] St -85k dt.
5 AN GEFHS T712 Q% ECF §40] &
7He FEEEE TR U, faddde |
k= o] Avlat g ] k=84 (baroreceptor)
o} ), tlsH, el EAskE AlgTEA
(stretch receptor) oA #A|¥9] renin—angio-
tensin—aldosteron system (RAAS) 9] &F% 7+
&, WA BE A 9 Aol GFRE] 571,
SEAHE A, ANP AR ofojz] Aypao=w
2ol X o] GEF uido] S7ehn, Mg lgko]
#raskA Pk (Fig. 10).

tgkiobalgetsl 4] - A1 14 P Al 25 20104
tremia, hypernatremia) &% &gt}

2. e 49 o] gste] Ao W)
o X sk #-& G Wl A (water balnce) =
T35 YA (water metabolism) 2F 3}, A|3E
& 59] fraddwe] Walel thHste] A &
%%EA %ﬁg zx%g}_‘: _—Lr]_xﬁg L]_EE WM A
(Na" balance) £-2 WEH thAl(Na" metabolism)
B 3}3—’ 1 Apolile elshd Table 13 k.

3. T WA 7P Fo% U] o4 A

{m 12 rlo

ghgol ofgt FRAF e} ol = (AVP) ol <
Sk 4~ O o] R wjEolw, AVPE #H]9 7Y
o AT MRS Wiske FEE el walol,
4, JEF WA= UERF AFET ol osix=
PG VA £, F2 A4l 23 e
zol| sk o]FolA| 1, AbHA| g dEA
Bl Bul7} Age) e wase A9k b
2.8 o]t}
Body fluid volume T
Total Na* "‘
ECF volume T
Vollume sensor Effective
caroid sinus : ;
c!ardiac, renai) Circulating T
volume

Effector Sym n, RAAS JJ
Aldosteron ||
GFR T
ANP l_

Action on kidney

Resuits Na reabsorption |

Water excretion l
ECF i B

Fig. 10. Sodium balance mechanism in response
to increase of ECF volume. Abbreviations : ECF,
extracellular fluid; RAAS, renin—angiotensin—
aldosteron system; ANP, atrial natriuretic pep-
tide. Sym n, sympathetic nerve.
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Table 1. Comparison between the Mechanism of Water

and Na® Blance

Water balance (Osmoregulation)

Na® balance (Volume regulation)

Valuables Posm (Plasma osmolality)
Plasma Na+ concentration
Detectors Hypothalamic osmoreceptor
Effectors Thirst
AVP
Results Water excretion or intake

ECF volume

Carotid sinus
Afferent arteriole

Atria
RAAS

Symphathetic nerve
ANP

Pressure natriuresis
AVP

Urinary sodium excretion control

Abbreviations : ECF, extracellular fluid; RAAS, renin—angiotensin—aldosteron system; ANP, atrial
natriuretic peptide. Sym n, sympathetic nerve
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