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The metabolism of the anuric kidney has
not been studied systematically. It has been
postulated that the anuric kidney is in a state
of hibernation, the low oxygen consumption
being accounted for by metabolic processes
unrelated to glomerulo-tuberlar metabolism
(1). Recent investigations have suggested
that the major part of renal oxygen consump-
tion is needed for reabsorption of filtered so-
dium(2,3). If this is correct and oxygen con-
sumption by the anuric kidney is very low it
is necessary to assume that filtration must
have ceased in the anuric kidney. More re-
cently higher values of oxygen consumption
by the anuric kidney have been reported(4)
and the hypothesis of the ‘resting’ state has
been questioned. Therefore, it was decided to
see if the anuric kidney produced ammonia
and to determine the effect of chlorothiazide
in renal ammonia production, plasma electro-
lytes and acid base balance in patients with
acute renal failure. Measurements were made
either before or after treatment by haemodi-
alysis and the same intravascular catheters
were used for metabolic determination and for
haemodialysis.

Methods. Five patients with acute oliguric
renal failure were studied during the first week
of the onset of oliguria. Endogenous creati-
nine clearances were less than 1 ml per minute
on the day of the study and no urine was
voided during the study or for the subsequent
16 hours. Renal blood flow was measured
using a constant infusion of indocyanine green

(IG) into the renal artery(5) following its
catheterisation under fluoroscopic control by
a percutaneous femoral arterial radiopaque
teflon catheter(6) and the catheterisation of
the corresponding renal vein following femoral
vein puncture. A loading dose of IG 0.3 mg
per kg body weight was given intravenously
and it was then infused at 0.5 mg per minute
(in a volume of 1 ml) into the renal artery
catheter by a Sigma constant infusion pump.
After a 20-minute equilibration period, sam-
ples were obtained anaerobically from the
renal vein and femoral arterial catheters (al-
lowing for dead space sampling times). Two
control samples were obtained (minus 10
minutes and O time), then 1000 mg of chloro-
thiazide were administered intravenously in a
volume of 50 ml. Subsequent samples were
obtained at 10 and 20 minutes after chloro-
thiazide administration. Arterial and renal
venous blood were analysed for IG(7), am-
monia (NHj3) (8), oxygen content(9) and ar-
terial blood for pH, bicarbonate and pCO.
(10) and plasma sodium and potassium using
an E.E.L. flame photometer. Renal blood flow
(RBF) was calculated for one kidney from
the renal venous-arterial IG difference and
infusion rate of IG using the indirect Fick
principle(5). The renal venous-arterial NHjz
difference and RBF were used to calculate
renal vein NHj; release (pg/min/1.73M2) and
renal oxygen consumption (ROC) was ob-
tained from RBF values and arterial-renal
venous oxygen content difference (A-RV)O..
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CHLOROTHIAZIDE IN AcUTE RENAL FAILURE
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FIG. 1. Mean renal arterial NH,, renal vein NH,
and renal vein ammonia release in 5 patients with
acute renal failure before and after administration
of 1000 mg of chlorothiazide I.V. The drug had no
significant effect upon these parameters.

Results. (Table I, Fig. 1). The mean renal
vein NHj; release averaged 125 =+ 55 pg per
minute per 1.73M2 (+ = 1 Standard Devia-
tion), during the control period and did not
alter significantly in the 20 minutes following
intravenous infusion of 1000 mg of chloro-
thiazide (Fig. 1). Chlorothiazide had no ef-
fect on renal blood flow, renal oxygen con-
sumption, arterial or renal vein NHj levels,
nor did it affect serum potassium or sodium
levels, or arterial blood pH, pCO; or bicarbon-
ate values.

Discussion. The ability of the renal tubules
to produce ammonia during the stage of oli-
guric renal failure has not previously been
reported. This observation suggests that meta-
bolic work is proceeding in the renal tubule
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in anuria and affords evidence against the
‘resting kidney’ hypothesis. In the functioning
kidney it has been shown that an increase in
renal vein NHj release occurs following intra-
venous chlorothiazide administration(11). The
increase can be attributed to a shift of am-
monia from urinary excretion into renal vein
output(11) following an acute rise in urinary
pH and redistribution of ammonia diffusion
on a nonionic basis(12). The failure of chloro-
thiazide to increase renal vein NHj release in
the anuric kidney is explained by the absence
of urinary NHj3 excretion excluding a shift of
ammonia from the urine to the renal vein.
The failure of chlorothiazide to influence se-
rum potassium levels or acid base balance in
the absence of renal function confirms pre-
vious reports of the observation in nephrecto-
mised animals(13,14) and casts doubts on the
original report of a hypokalaemic effect of
chlorothiazide in nephrectomised dogs(15).
These observations suggest that chlorothiazide
exerts its major influence in the human by a
renal effect.

Summary. 1t has been demonstrated that
the renal tubule produces ammonia during the
oliguric phase of acute renal failure. Chloro-
thiazide had no effect on renal blood flow,
oxygen consumption, and ammonia produc-
tion, nor did it affect the serum electrolytes or
acid base balance. It is suggested that chloro-
thiazide exerts its main action in man by a
predominantly renal effect.
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High doses of exogenous erythropoietin,
when given to normal or hypertransfused rats,
result in production of short-lived macrocytes
(1-3). Similarly, after intense erythroid stim-
ulation from bleeding, phenylhydrazine ane-
mia or exposure to hypoxia, there is a macro-
cytosis, presumably mediated by high levels
of endogenous erythropoietin(4). We have
suggested that the macrocytic response is due
to shortening of maturation time with a re-
sultant skipped division(1-3). Iron deficient
animals, of course, produce microcytes; the
effect of erythropoietin on cell size in iron
deficient animals has not been studied, al-
though it has been shown that treatment with
iron in the face of substantial anemia results
in macrocytic response(5). This report con-
cerns the effect of erythropoietin in the iron
deficient animal and the relationship of iron
to production of macrocytes.

Materials and methods. Weanling Sprague-
Dawley females were placed on a milk powder
diet to which essential vitamins and minerals
with the exception of Fe were added. Control
groups received a similar diet but with the
addition of 200 mg of FeCly/kg. Animals
were treated by adding 0.2-1.0 g of Fe/kg of
diet or by parenteral injection with 5 mg of
Fe as Imferon.t Erythropoietin was obtained
by alcoholic extraction from the urine of a
patient with a hypoplastic anemia; it was
assayed in the starved rat and compared with
the standard of Erythropoietin A(6). Stand-

* Supported by grant from Nat. Heart Inst.
t Iron dextran complex kindly furnished by Lake-
side Laboratories.

ard techniques were used for measuring red
cell values. The frequency distribution of red
cell size was measured with a Coulter model
B Counter and graphout. Differential centrif-
ugation was used to separate out mixed cell
populations(3) where the frequency of one
cell population was sufficiently low that it
could be detected from distribution curves on
whole blood.

Results. After 3 months the animals re-
ceiving the iron deficient diet had a severe
hypochromic microcytic anemia; the hemo-
globin values were 4-5 g% ; mean corpuscular
volume (MCV), 35-42 4®; mean corpuscular
hemoglobin concentration (MCHC), 21-24%:;
compared to values for Hgb. of 13-15 g%;
MCV, 52-57; and MCHC of 32-36% in ani-
mals receiving Fe supplemented diets. There
was a significant macrocytic response when 35
units of erythropoietin were given every 12
hours, for a total of 175 units, to animals on
iron supplemented diets (Fig. 1). In contrast
a similar amount of erythropoietin had no
significant effect on cell size distribution in
the iron deficient animal (Fig. 1).

When iron deficient animals were treated
by supplemental dietary iron, in amounts
equivalent to that in the control diet, there
was a normocytic response. Blood was sepa-
rated by differential centrifugation in an ef-
fort to detect any small proportion of macro-
cytic cells which might be present. None were
found. The pre-treatment microcytes, how-
ever, were seen in the upper fraction of the
centrifuged column of blood, while the post-
treatment normocytes with a higher MCHC





