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INTRODUCTION AND
AIM OF THE WORK




INTRODUCTION

Recent studies have revealed that the assessment of urine
glectroiyies and osmddality can provide waluable information and

imperam ciues 1o the diagnosis and manasgsment of disorders of

—r

ftuid, electrolytes andi/er acid-base metatzoiism. it can also give
important complamentary information in certan pathological condition,
when imerpreted in conjunction with the history. physical examination
and ather laboratary data {Behrman et al,, 1982}

Although there are uswual ranges “for solute and water
gxcreticns. thera are no normal values. Toes values must be
interpreted in view of what is the expsctaed response for ezsch
parficular clinical situation. Accurate interpretation of data regarding
uring electrolytes concentration anc osmelalty requires updated and
comprehensive knowledge of the different mechanisms of water and

electrolyie homegstasis {Kamel et al.,, 1990a).

The major electrolytes that are routinely measured include
sodium, chioride and potassivm. There are other electrolytes normally
present in uring that are not routinely measured Including ammonium,
caicium. magnesium, bicarbonate, sulfate. phosphate and cther

organic anions.
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The Aim of the Work

Tre ouroose of this review 1S 1o provide g detaiied account on
the vaive of wrnary elecirolvtes iscdium, potassium and chicride) and
csmolalty N the diagnosis of vanous disorgers of fiud, elecrolytes
and acid-bass metabolsm. It will also define the different methods
used far assessment of urinary eiecirclytes and osmolaility.
Furtnermare. tnis review will focus on the basic physiclogy of flud

and electrrawtes excretion Dy the kidney,
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URINARY SODIUM
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CHAPTER 1
URINARY SODIUM

Sodéum is the major cation of the extraceiluiar fiuid. It is the principal

asmotically active solute responsible for the mamntenance of
intravascuiar and nterstibal volumes. The cuantity of sodivm in the
body approximates 48mmoiKg, more than 30% of which is either
exchangeahte or only slowly exchangeabie {Halperin and Skorecki,

1986).

Lirinary excretion of soaium wvaries with digtary intake out s
typical range ohserved for persans on an average diet is
40-220mmcliday. the rate of sogium excration shows large diurnal
variation. Dunng the right, it is only 20% of the peak during the day

(Tietz et al., 1986).



Chaprer 1 Urinary Sodiu, 4

(A) General Features of Sodium
Excretion by the Kidney

Regulation of sodium excretion depends on the balance
betwesn glomeruiar and tubular functions. Mormally, the amount of
socdiwm flterec daly by the kidneys is more than 100 times that
ingested and more than five tmes the 0ial amount of saodium in the
body. However less than 1% of fiterec sodium is excreied in the
uring and tne remaining 899% is reabsorbed along the length of the

renal tubule {Behrman et al., 1892}

Under normal conditions, changes in glomerular &iteration rate
{GFHR) do not afiact homeostasis, since changes in the fitered load
af sodium procduced by alierations in GFR are comgensated for by
appropsiate changes N iubular reabscrption of sodwm (Kiahr et al.,

1973}, Socdium reapsorption occurs along the entire nephron.

(1) Proximal Convoluted Tubule

Approximately two thirds {680%) of filtered sodium is reabsorbed
by the proximal convoluted tubaie. This fraction increases with
contraction of extracelluiar fiuid volume. and it decreases with volume
expansion. The precentages of filterad sodium and water reabsorbed

in the prowmal wbuie are proporticnal, so that the fluid remaining at
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the end of proxmal conwvsiuied tubule has a scdium cancentration

compartgbie to that in the blcod {Behrman et al.,, 1992).

hNet movernent of soduim cwl of tre proxmal convoiuted tubule
represents the balance between sodium reaosorbed from the uminal
flud and that returned :hrough intercellular space. Becauss such a
high flux of soduim enters the ep:ihelial cell across the juminal
membranes, the scdium flux is unlikely to occur by purely passive
mechanisms. Reabsorbed sodium s actively transported out of the
cell across ther bDasolateral membranes, producing an osmotic
gradient that casues the mavement of an equivaiert amourt of water
{De Wardener, 1978). The resulting nydrostatic force in the
intercelluiar spaces and interstihial fiud, as weil g *the oncotic
pressure exarted by the piasma protein o tne periiubular capilary ars
responsibie for returning the reabscrbea sodium and water inio the
vascuiar space. Fhe balance between giomerular fiteration rate and
reabsorpiion of fluid from the proximal tubule (giomerulo-tubular
balance) may be modulated through changes in the protein
concentratior in the bilood at the level of the glomerular and

peritubular capilaries {Green et al.,, 1974).
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(2) The Loop of Henle

Significant scdium reabsorption occurs in the loop of Henle and
is cemiral 10 trne countercorrenmt muitiplker sysiem essentiai for water
balance and the concentration of uring. Water reabsorption occurs in
tne descending hmib of the loop of Henle. scdium reabsorption in the
ascending limb. Sodium transport at this site may be secorndary to
active transport of the chloride rather than primary as it is at most

other sites (Kokke, 1870).

Although the loop of Henie s impertant in overall control of
sodium reabsosption, no precise regulating mechanism has yet been
delineated, nor nas & maximal rate for scdium transport at this site
beern demanstrated. When the load of scdium delivered to the loop
is increased, by changes either in GFR or in sodium reabsomntion in
the proxmal cupule, most of the excess cad is reabsorbed in the
leop, providing a further protective mechanism and limding the
magnitude of changes of sodium delivery t© the cistal convoluted

tubule {Behrman et al., 1992).

(3) The Distal Nephron

The fine regulation of scdium balance probkably occurs
throughout the distal nephron in both the distal conwvoiuted tubuiles
and the coilecting ducts. Sodium reabsorption at thesz sites is

stimuiatsd by aldosterone whose secretion is governsd by the
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=

renin-argictensn system (De Wardener, 1978), and by aspect

potassium baiancz (Mainic et al., 1966).

hroughout the distal tubuie anc cokecting oust, sodium s
reabsorbac against a iarge concentration gradient from iumen o
plasima. Howewer. @ comgaarison with the proximal convolutes tubule
and the lcop of Henle, the totai capacity for sodium reabsarption s
more dmited. Thus, f the lead of sodium reaching the disial ubule
increases signuficanty, reabsorption does not increase proporticnately

and the added :ad 15 excreted in the urine (Kokko, 1987}

Additional mechanisms may be responsible for renat regulation
of sodium. Cortical nephrons, which have short lcops of Henle, may
be scdiurn-losing nephrons and the juxta medullary nephrons with
long loops of nenle may be sodwm retaining nephrons. Sodium
balance codld pe accomplished by altering the proporton of renal
bicod fiow directed o these two gopdlations of nephron. Such a
reguiatory mechanism couid e intrarenal enc respond to iocal release

of renic (Behwrman et al., 7992).



