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Summary in membrane transport in tissue other than the erythrocyte have 

The basic pathogenetic defect in patients with Bartter's syn- 
drome remains unknown, although the possibility that a defect in 
membrane ion transport underlies the syndrome has been explored 
by several investigators. The purpose of the present study was to 
investigate abnormalities in erythrocyte sodium transport in five 
patients with Bartter's syndrome and to examine the effect of 
treatment with prostaglandin synthetase inhibitors on these ab- 
normalities. 

In five patients with Bartter's syndrome, the rate of passive 
sodium leak from the erythrocyte was 1.04 f 0.21 mmoles of 
sodium per liter of erythrocytes per hr, compared to 0.39 + 0.06 
m o l e s  of sodium per liter of erythrocytes per hr in controls (P 
< 0.025). Treatment with prostaglandin synthetase inhibitors had 
little effect on this erythrocyte sodium transport abnormality. 
After treatment with either acetylsalicylic acid at a dosage of 50 
mg/kg/day or indomethacin at a dosage of 100 mg/day, the rate 
of passive sodium leak averaged 0.96 & 0.10 mmoles of sodium per 
liter of erythrocytes per hr in the patients with Bartter's syndrome. 
I n  vitro there was no significant effect of prostaglandin Ez on 
erythrocyte sodium transport, nor did a lowered potassium con- 
centration in vitro reproduce the changes in sodium transport 
which we had noted in patients with Bartter's syndrome. 

We would conclude that one of the basic abnormalities in 
patients with Bartter's syndrome is a disorder in electrolyte trans- 
port at the level of the cell membrane. Prostaglandin synthetase 
inhibitors have been demonstrated to reverse many of the second- 
ary manifestations of Bartter's syndrome, but they did not seem to 
affect the membrane transport defect. 

Speculation 

The most basic defect described to date in patients with Bart- 
ter's syndrome may be an abnormality in electrolyte transport at 
the level of the cell membrane. The abnormality does not appear 
to be altered by treatment with prostaglandin synthetase inhibi- 
tors; perhaps this explains the failure of these agents to totally 
correct the clinical syndrome. 

The basic pathogenetic defect in patients with Bartter's syn- 
drome remains unknown, although the secondary changes that 
comprise the syndrome have been well described. The possibility 
that a defect in membrane ion transport underlies this syndrome 
has been explored by several investigators. Gall et al. (10) in 1971 
reported increased active and passive sodium efflux from the 
erythrocytes of a patient with Bartter's syndrome. One year later, 
Gardner et al. (1 1) reported that six of eight patients with Bartter's 
syndrome showed a decreased rate constant for total sodium efflux 
from their erythrocytes. More recently, Oliver et al. (15) have 
reported increased permeability to sodium in the erythrocyte 
membrane of five siblings with Bartter's syndrome. Abnormalities 

also been described. Delaporte et al. (6) have described abnor- 
malities in muscle electrolytes in six children with Bartter's syn- 
drome, and Gill and Bartter (12) have drawn attention to an 
abnormality in chloride reabsorption in the ascending limb of the 
loop of Henle. 

Prostaglandin synthetase inhibitors have now been shown to 
reverse many of the manifestations of Bartter's syndrome (3, 9). \ .  , 
The purposeof the present study was to investigate abnormalities 
in ervthrocvte sodium trans~ort in five additional ~atients with 
Bartter's syndrome and to examine the effect of treatment with 
prostaglandin synthetase inhibitors on these abnormalities. 

MATERIALS AND METHODS 

PATIENT SELECTION 

The diagnosis of Bartter's syndrome was established before this 
study on clinical and biochemical grounds. The patients were 
being followed in the outpatient clinics of the Royal Victoria 
Hospital and HBpital Sainte Justine. 

Patient 1 was a 41-year-old male who was first told that he had 
a low serum potassium at the age of 21. He treated himself with 
potassium supplements which he took at irregular intervals and a 
high potassium diet. His only symptoms were periods of severe 
fatigue after heavy muscular exertion. There was no family history 
of similar problems. On physical examination, he appeared to be 
in good health with a blood pressure of 105/75. His serum 
potassium was 2.2 mM. There was no renal salt wasting. After 4 
days of a 100 mEq sodium- 100 mEq potassium diet he had marked 
hyperreninemia (5.7 ng/ml/hr) and hyperaldosteronemia (42.2 
ng/dl). Ambulant renin levels were 28.6 ng/ml/hr. 

Patient 2 was a 4-year-old who presented at the age of 1% 
months with failure to thrive. On investigation, he was found to 
have hypokalemia, hypochloremic metabolic alkalosis, hyperren- 
inemia, and hyperaldosteronism. The diagnosis of Bartter's syn- 
drome was confirmed with an open renal biopsy which disclosed 
typical juxtaglomerular hyperplasia. 

Patient 3 was a 23-year-old man who had the diagnosis of 
Bartter's syndrome established at the age of 6 years by means of 
a renal biopsy which showed juxtaglomerular apparatus hyperpla- 
sia. He displayed mild mental and growth retardation at the time 
of our studies. 

Patient 4 was a 29-year-old woman with a life-long history of 
hypokalemic alkalosis associated with episodes of muscle weak- 
ness. She had mild staturo-ponderal retardation but attained 
normal height with a postmenarchial growth spurt. At the age of 
16 years, the diagnosis of Bartter's syndrome was confirmed on 
the basis of hyperreninemia, hyperaldosteronemia, and juxtaglo- 
merular hyperplasia on renal biopsy. 

Patient 5was a 19-year-old boywho had presented at numerous 
institutions for the first 6 years of life with what was diagnosed as 
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chronic hypokalemia of unknown etiology. More extensive inves- 
tigation at the age of 6 years revealed hypokalemia, hypochloremia 
with alkalosis, hyperreninemia, and a high aldosterone excretion 
rate. An open renal biopsy showed typical histologic features of 

1 - Na,/Nah 
OKN,t = In 

1 - fractional hemolysis 

where Na, is the activity of supernate in cpm/ml, Nah is the 
activity of hemolyzed sample in cpm/ml, and t is time in hours. 

Before the loading period, the sodium content of the erythro- 
cytes was determined on an 1.L. flame photometer by lysing the 
cells with 50 volumes of 15 mM lithium chloride and relating the 
sodium content of the hemolysate to the hematocrit of the original 
suspension. All determinations were performed in duplicate. Ad- 
ditional details of these techniques have been published previously 
(4, 5). 

Bartter's syndrome. subsequent to thepresently reported studies, 
he developed aortic incomvetence of unknown etiologv and has ", 
required t'herapy for cardiac failure. 

The initial sodium flux studies were done in patients 1, 3, and 
4 before treatment with prostaglandin synthetase inhibitors was 
started. In two additional patients, prostaglandin synthetase inhib- 
itors were stopped at least 6 days before the study. All patients 
had a serum potassium between 2 and 3 mM at the time of the 
erythrocyte sodium efflux studies. The four patients who were IN VITRO STUDIES ON PROSTAGLANDIN AND KCL 
studied after treatment with prostaglandin synthetase inhibitors 
were receiving acetylsalicylic acid at a dosage of 50 mg/kg/day Studies on the effect of low concentration of KC1 in vitro on 
and/or indomethacin at a dosage of 100 mg/day. The shortest erythrocyte sodium transport were performed in an identical 
duration of treatment was 11 days. manner to that described above, except that the basic flux medium 

was modified to contain 2.5 mM KC1. 
SODIUM EFFLUX STUDIES Studies on the effect of prostaglandin on erythrocyte sodium 

transport were performed with prostaglandin Ez (PGE2) supplied 
by the Upjohn Company of Canada. The PGEz was dissolved in 
ethanol and added to the flux medium, an equal volume of ethanol 
being added to control flasks. 

Preincubation studies were done by adding PGEP to flasks 
which contained 100 mg glucose, 0.5 ml 1 M NaP04 buffer (pH 
7.4), 250,000 units Penicillin G, and 50 mg streptomycin sulfate in 
addition to 10 ml of whole blood. Incubation was camed out for 
18 hr at 37°C in a shaking water bath, the cells were washed, and 
sodium flux studies were carried out as described above. 

Fifteen ml of blood were drawn in a heparinized syringe from 
both the patient to be studied and a control volunteer. Tight 
pairing of ihe patient and control samples was adhered to through- 
out the experiment. The blood was centrifuged at 12000 x g for 
5 sec at O°C, and the plasma and buffy coat were removed. The 
remaining erythrocytes were then washed three times with 10 
volumes of cold 280 mM tetramethylammonium chloride. Four 
ml of erythrocytes were loaded with 22Na by incubating them for 
3 hr at 37°C in a flask containing 50 p1 of 120 mM phosphate 
buffer (pH 7.4), 0.45 ml of 0.16 M NaC1, 10 p1 of 50% glucose, 
and 10 pCi of 22Na. After the loading period, 200 p1 of the 
erythrocytes were transferred to three pairs of flasks containing a 
basic flux medium, the basic flux medium plus M ouabain, 
or the basic flux medium plus M ouabain and M 
ethacrynic acid. The basic flux medium in these experiments 
consisted of 5 mM KC1, 160 mM NaC1, 1.2 mM phosphate buffer 
(pH 7.4), 8 mM glucose, and 10% isotonic glyclglycine-Mg CO3 
buffer (pH 7.4). At 0; 20; 40; and 60-min intervals, a 5 ml aliquot 
of the erythrocyte suspension was removed from each flask, the 
erythrocytes were separated by centrifugation, and the 22Na of the 
supernate was determined with a Packard auto-gamma spectrom- 
eter. The rate constant for 22Na efflux was then determined from 
the equation 

RESULTS 

Erythrocyte sodium transport was studied in five patients with 
Bartter's syndrome at a time when they were not receiving treat- 
ment with prostaglandin synthetase inhibitors. The results are 
shown in Table 1. The mean red cell sodium in the five patients 
with Bartter's syndrome was not significantly different from the 
mean red cell sodium in five controls. However, three of the five 
patients had cell sodiums which were more than three standard 
deviations above the control mean and which were usually high 
for our laboratory. The mean ouabain-uninhibitable component 
of sodium efflux was significantly higher (0.21 f 0.03) in the 
patients with Bartter's syndrome than it was in the controls (0.13 

Table 1. Erythrocyte sodium transport infive patients with Bartter's syndrome 

Nac' O K N ~  Hz0 OKN, ouabain O K N ~  ouabain + Etha 

Patient 1 
Control 

Patient 2 
Control 

Patient 3 
Control 

Patient 4 
Control 

Patient 5 
Control 

Patient (mean k S.E.) 

Control (mean + S.E.) 

' Nac, concentration of sodium within the erythrocytes expressed as mM/liter of erythrocytes; O K N ~  H20, fractional sodium efflux in the absence of 
any transport inhibitors; O K N ~  ouabain, fractional sodium efflux in the presence of 0. I mM ouabain; O K N ~  ouabain + Etha, fractional sodium efflux in 
the presence of 0.1 mM ouabain and 1 mM ethacrynic acid. 
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Patient # I 2 3 4 5 

Fig. 1. Passive sodium leak in the erythrocytes of five patients with 
Bartter's syndrome (cross-hatched bars) and five controls (clear bars). 

+ 0.01). That component of sodium efflux which remains after 
the addition of ouabain plus ethacrynic acid was also significantly 
higher in the patients with Bartter's syndrome than it was in the 
controls. 

From the data shown in Table 1, it is possible to calculate the 
rate constants for ouabain-sensitive and ethacrynic acid-sensitive 
sodium efflux. The rate constant for ouabain-sensitive sodium 
efflux was 0.35 f 0.05 in the patients with Bartter's syndrome and 
0.3 1 f 0.02 in the controls. The rate constant for ethacrynic acid- 
sensitive sodium efflux was 0.07 + 0.02 in the patients with 
Bartter's syndrome and 0.06 f 0.01 in the controls. 

To obtain an estimate of the total amount of passive sodium 
efflux from the ervthrocvtes each hour. sometimes referred to as 
sodium leak, the rate constant for sodium efflux in the presence of 
ouabain and ethacrynic acid can be multiplied by the cell sodium. 
As shown in Figure 1, in the patients with Bartter's syndrome, the 
rate of passive sodium leak was 1.04 f 0.21 mmoles sodium per 
liter of erythrocytes per hr compared to 0.39 f 0.06 mmoles 
sodium per liter of erythrocytes per hr in the controls (P < 0.025). 

Increased levels of urinary prostaglandin derivatives have been 
reported in patients with Bartter's syndrome. Consequently, we 
next studied the effect of PGEz in vitro on erythrocyte sodium 
fluxes in erythrocytes from normal controls. Preliminary studies 
revealed no effect of PGE2 on erythrocyte sodium transport at 
concentrations between 0.0002 mg/100 ml flux medium and 0.2 
mg/100 ml flux medium. The results of preincubating erythrocytes 
for 18 hr with very large doses of PGEz (50 mg/100 ml blood) and 
then performing sodium flux studies are shown in Table 2. Again 

there was no statistically significant effect of PGEz on erythrocyte 
sodium transport. Four of the Bartter's syndrome patients we had 
originally studied were treated with prostaglandin synthetase in- 
hibitors, and the erythrocyte transport studies were repeated. The 
results are shown in Table 3 and Figure 2. The rate constant for 
non-ouabain-inhibitable sodium efflux from the erythrocyte re- 
mained elevated at 0.20 + 0.03 in the patients with Bartter's 
syndrome compared to 0.13 f 0.02 in the controls. As shown in 
Figure 2, the rate of passive sodium leak averaged 0.96 + 0.10 in 
the patients with Bartter's syndrome compared to 0.54 -t 0.13 in 
the controls. It is evident that treatment with prostaglandin syn- 
thetase inhibitors had little effect on the erythrocyte sodium 
transport abnormality. 

It has been hypothesized that changes in erythrocyte sodium 
transport in patients with Bartter's syndrome could result from 
hypokalemia per se (5). The effect of lowering the potassium 
concentration of the flux medium to 2.5 mM was studied in five 
experiments with control erythrocytes. As shown in Table 4, this 
had no effect on erythrocyte sodium transport, failing to reproduce 
the changes in sodium transport which we had noted in patients 
with Bartter's syndrome. 

DISCUSSION 
Bartter et al. (2) in 1962, described a syndrome of mental and 

growth retardation characterized by hypokalemia, hypochloremic 
alkalosis, and hypersecretion of renin. The basic pathogenesis of 
this syndrome remains unknown (1). Defects in electrolyte trans- 
port at the level of the cell membrane have been described by 

Patient # I 2 3 5 
Fig. 2. Passive sodium leak in the erythrocytes of four patients with 

Bartter's syndrome treated with prostaglandin synthetase inhibitors (cross- 
hatched bars) and four controls (clear bars). 

Table 2. Effect of in vitro prostaglandin on erythrocyte sodium transport 

Nacl O K N ~  H20 OKN, ouabain O K N ~  ouabain + Etha 

Erythrocytes preincubated for 18 hr with 50 6.8 + 1.0' 0.22 + 0.04 0.08 + 0.02 0.09 + 0.01 
mg of prostaglandin E2/100 ml blood ( n  = 

4) 

Erythrocytes preincubated for 18 hr with 6.5 + 0.7 0.28 + 0.5 0.08 + 0.02 0.06 + 0.01 
vehicle alone ( n  = 4) 

NS NS NS NS 

' Abbreviations, same as in Table 1. 
Mean + S.E. 

Table 3. Erythrocyte sodium transport in four patients with Bartter's syndrome treated with prostaglandin synthetase inhibitors 

Nacl O K N ~  H20 OKN* ouabain O K N ~  ouabain + Etha 

Patient 9.2 + 1.7' 0.53 + 0.07 0.20 + 0.03 0.11 + 0.02 
Control 5.9 + 0.4 0.46 + 0.03 0.13 + 0.02 0.09 + 0.02 

NS NS NS NS 

I Abbreviations, same as in Table 1. 
Mean + S.E. 
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Table 4. Effect o f  votassium in vitro on ervthrocvte sodium transDort fn = 5 )  

Nacl O K N ~  HnO O K N ~  ouabain OKN* ouabain + Etha 

I Abbreviations, same as in Table I .  
' Mean +. S.E. 

several authors (6, 10, 11, 15). The first report of altered erythro- 
cyte sodium transport was by Gall et al. (10) in 1971. They 
reported a patient with Bartter's syndrome who demonstrated 
increased active sodium efflux from his erythrocytes, increased 
passive outward leak of sodium, elevated NaK ATPase, and an 
increased concentration of sodium within the erythrocytes. In 
1972, Gardner et al. (I I) studied erythrocyte sodium transport in 
eight patients with Bartter's syndrome. Two of the patients had 
normal sodium transport. The other six patients showed a high 
erythrocvte sodium concentration and a fractional sodium efflux 
which was significantly less than normal. Because of methodologic 
differences. it is difficult to comDare these two studies. but it would 
appear that definite alterations in erythrocyte membrane sodium 
transport do exist in Bartter's syndrome. In 1978, Oliver et al. (15) 
studied erythrocyte sodium transport in five siblings with Bartter's 
syndrome. They found an increase in both passive ouabain-un- 
inhibitable sodium efflux and in sodium influx, indicating in- 
creased erythrocyte sodium permeability. The changes in eryth- 
rocyte sodium transport in the five patients we have studied most 
closely resemble those described by Oliver et a/.  Our patients had 
a significant increase in the passive ouabain-uninhibitable com- 
ponent of sodium efflux, and three of five patients had an abnor- 
mally high cell sodium. When active sodium potassium exchange 
is maximally inhibited with ouabain, a small component of sodium 
efflux remains which can be inhibited by ethacrynic acid. Whether 
this represents a second sodium pump, as suggested by Hoffman, 
or whether it represents exchange diffusion is not completely clear 
(17, 14). Gardner et a/.  ( I  I) in their studies on erythrocyte transport 
in Bartter's syndrome used ethacrynic acid alone to define active 
sodium efflux, whereas Oliver et a/ .  (15) used ouabain alone. To  
fully define active transport, both agents were added to our flux 
studies. The component of sodium efflux which remains when all 
active transport is inhibited with ouabain and ethacrynic acid was 
elevated in all five of our patients. The most consistent erythrocyte 
transport abnormality in patients with Bartter's syndrome would 
seem to be an increase in erythrocyte sodium permeability. This 
may lead, in certain patients such as the one described by Gall et 
al. (10) to a compensatory increase in active sodium efflux. In 
other patients, such as those described by Gardner et al. (1 I), the 
erythrocyte sodium pump may be unable to keep up with the 
demands and fractional sodium efflux will be decreased. 

Oliver et al. (15) have hypothesized that the changes in eryth- 
rocyte sodium transport in patients with Bartter's syndrome result 
from hypokalemia. However, we were unable to demonstrate any 
effect on erythrocyte sodium fluxes when the potassium concen- 
tration in vitro was lowered from 5.0 to 2.5 mM. 

It has been demonstrated that patients with Bartter's syndrome 
have a n  elevation of urinary prostaglandin Ez (13). Increased 
plasma levels of PGEz could in turn lead to hyperreninemia, 
increased plasma aldosterone, and low potassium (8, 9, 17). The 
reason for increased PGEz production in Bartter's syndrome has 
not yet been elucidated (9, 16). Gill et a/ .  have shown that patients 
with Bartter's syndrome have a defect in chloride reabsorption in 
the thick ascending limb of the loop of Henle, and that this defect 
is not affected by prostaglandin synthetase inhibitors (12). We 
were unable to show any effect in vitro of PGE:! on normal red cell 
erythrocyte transport even when the hormone was added in very 
high concentration. We also studied erythrocyte sodium transport 
in patients with Bartter's syndrome who had been treated with 

prostaglandin synthetase inhibitors. These patients had the same 
defect in erythrocyte sodium transport which had been noted in 
patients who were not receiving treatment with prostaglandin 
synthetase inhibitors. 

We would conclude that one of the basic abnormalities in 
patients with Bartter's syndrome is a disorder in electrolyte trans- 
port at the level of the cell membrane. Prostaglandin synthetase 
inhibitors have been demonstrated to reverse many of the second- 
ary manifestations of Bartter's syndrome, but they do not seem to 
affect this underlying membrane transDort defect. 
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