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Editorial

New uses for old urine tests

The human kidneys generate 130 ml ofplasma ultrafil-
trate a minute. It is concentrated by the tubular
portion ofthe nephron so that 1 ml ofurine reaches the
bladder. If no concentration took place the extra-
cellular water (12 1) would be lost in 1 5 h and the
whole body water (41 1) in 5-2 h. It is no wonder that
the earliest renal function tests dealt with the concen-
tration capacity of the kidneys or with the clearance of
endogenous substances, such as creatinine, or of
exogenous markers, such as hippuric acid. Although
powerful diagnostic aids in manifest renal disease,
they may be less amenable to the early detection of
subclinical kidney dysfunction. Their accurate appli-
cation also necessitates visits to outpatient clinics or
special laboratories.

Increased concern about the toxic aetiology of
chronic renal dysfunction has been raised in some
recent epidemiological surveys.`'- At the same time,
the understanding of nephrotoxicology has greatly
advanced45 allowing the application of toxic mechan-
ism orientated spot tests of urine. Although mostly
designed to detect renal damage by chemicals, they
may also prove useful in infectious, diabetic, or
ischaemic diseases.
The selection of these spot tests is mostly made

on the basis that they probe the integrity of the
glomerular filtration apparatus or aspects of tubular
functions that are not much affected by the hydration
status of the body. For example, the spot tests may
include a direct demonstration of deformed eryth-
rocytes of glomerular origin or of nephron segment
specific macromolecules.

Electrolytes

The resorption of sodium, potassium, and chloride
serves as the basis of the water retention.6 A recent
hypothesis holds that the renin secretion that activates
the angiotensin aldosterone system might, in fact, be
regulated by chloride ions rather than by sodium.6
This suggests that chloride channel blockers should
lead to natriuria and kaliuria because of the necessary
electric neutrality of the urine and this does seem to be
the case. Phenoxyacid herbicides are blockers of
muscle chloride channel which may partially explain

the myotonic syndrome in herbicide poisoning.7 Such
extremes are not seen in non-accidental exposure to
these agents, possibly because of their high plasma
protein binding which restricts their bioavailability.
Nevertheless, 2,4,5-trichlorophenoxyacetate causes
natriuria in rats8 and in occupationally exposed men
causes comparable time and dose dependent excretion
of sodium and potassium ions.9
Over 80% ofabsorbed phenoxyacids are excreted as

such in urine. The mechanism by which the association
with their protein carrier is dissolved is not known.
The dissolution, however, creates concentrations in
the renal parenchyma high enough to cause significant
effects on the reabsorption of these ions. The peak of
the natriuretic and kaliuretic effect of these herbicides
in the sprayers preceded the peak phenoxy acid
concentrations in the urine by some hours.9 This may
indicate that the wash out of the agents from the
tubular segments is a slow process. It also raises the
question of how the agents are eliminated or whether
they associate only with the luminal end ofthe chloride
channel. Whatever the mechanism, the excessive loss
of electrolytes explains well the hypotensive crises seen
in human poisoning. 1''2

Calcium ions have a tubular reabsorption maxi-
mum (TmCa) that is bimodally distributed in healthy
subjects.'3 The TmCa of controls is negatively
correlated with urinary sodium,'3 possibly because
part of the Ca2" reabsorption is voltage dependent-
that is, it is exchanged with sodium ions'4 whereas
another part is parathyroid hormone sensitive and
requires cAMP.'4 The latter mechanism is highly
dependent on mitochondrial ATP production and is
therefore also sensitive to hypoxic and histotoxic
hypoxia. The latter is caused by inhibitors of cyto-
chrome oxidase, such as hydrogen sulphide and
cyanide anions or formic acid.'5 In workers
occupationally exposed to formic acid the calciuria is
directly related to the urinary formic acid concen-
tration. 6 The Ki of the formic acid for the inhibition of
the cytochrome oxidase is 1 mM which agrees well
with measured urinary formic acid concentrations.
Higher concentrations could also lead to structural
damage,'7 and because the kidneys are highly depen-
dent on oxygen under normal conditions urinary
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calcium determinations could probably be developed
as a market for the dysfunction of the distal tubule.
Another function highly dependent on ATP is

proton translocation. The enzyme is an ATPase as
purified from bovine kidney.'8 Protons excreted in the
lumen are reabsorbed unless they are retained there
because of reasons of electric neutrality or if they are
combined with bases. This can take place with
ammonia in the tubular cells, for example, forming
ammonium ion which is excreted.'9 The excretion of
ammonium ions is inversely related to the renal
potassium status20 and increased in chronic metabolic
acidosis.2' Ammonia is derived from glutamine in a
glutaminase catalysed reaction22 and the interorgan
glutamine transport in metabolic acidosis is greatly
enhanced.23

Urinary ammonia determinations are simple with a
direct reading reflectometer, and worth while in the
elucidation of the renal acidification capacity.24 Tak-
ing the formic acid example again, it seems that renal
ammoniagenesis is impaired at relatively low levels of
formic acid'6 or other histotoxic agents.25

Glycosaminoglycans

The glomerular basement membrane forms a sieve
that prevents the filtration of proteins of molecular
weight at least greater than 68 000 daltons.26 This is
partly achieved by the negative net charge of the
macromolecular surface which repels other negatively
charged molecules or cells such as erythrocytes.27 The
basement membrane of the glomeruli consists mainly
of heparan sulphate.28
The brush border lining of the tubular cell is also

covered by glycosaminoglycans which contain little
heparan sulphate. Immunisation against heparan sul-
phate causes glomerular injury28 whereas the inter-
stitium is relatively spared.29 It is most likely that the
brush border macromolecules are mainly chondroitin
4,6 sulphate which are the predominant species in
excreted urine.303' Glycosaminoglycan excretion and
the frequency of microscopic haematuria are known
to be increased by extended exposure to organic
solvents.32 Qualitative analysis will tell whether
heparan sulphate excretion is specifically augmented
thus pointing also to gromerular damage.:
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