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SFA was given. Any reduction in ATP 
would be expected to reduce the energy levels 
necessary for the oxidation, reduction and 
conjugation of corticosterone in the liver. 
This metabolic poison may possibly be of 
some value in reducing the very rapid rate 
of metabolism of steroid hormones in the 
liver, thus permitting a more detailed study 
of their metabolites. 

Summary. The hyperglycemia produced 
by SFA can be significantly reduced by small 
amounts of insulin. The very high levels of 
plasma corticosterone found to occur follow- 
ing treatment with SFA can be transiently 
increased by the administration of insulin. 
These high levels are thought to be due to 
a SFA induced decrease in the hepatic inacti- 
vation of the adrenal hormone. 

The authors wish to acknowledge the excellent 
technical assistance of Mrs. Alice C. Weil. 
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Effect of Ethacrynic Acid on Calcium and Magnesium Excretion." (31733) 
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Methylenebu tyryl phenoxyacetic acid (etha- 
crynic acid) has been reported to have a 
profound effect on the transport of sodium, 
chloride, potassium, and hydrogen ion by the 
kidney ( 1,2,3).  The renal clearance of cal- 
cium has been shown to be closely related 
to that of sodium(4,5,6), and the renal clear- 
ance of magnesium is stated to be similar to 
that of calcium (7,8). The present study was 
designed to determine whether ethacrynic 
acid while effecting sodium excretion also 
modified the renal excretion of divalent cat- 
ions, mainly calcium and magnesium, and 
to compare the magnitude of the effect with 
that of meralluride and chlorothiazide. 

*This study was supported by Grant 1-132 from 
Health Research Council, City of New York. The 
Strick Foundation and Nat. Inst. Health Grant AM- 

t Career Scientist, N. Y. City Research Council. 
07183-03 AMP. 

Intravenous adminisitration of ethacrynic 
acid, chlorothiazide, and meralluride was 
found to enhance the renal excretion of cal- 
cium and magnesium in man during water 
diuresis. The observed calciuresis in these 
studies was roughly proportional to ,the mag- 
nitude of the increase in sodium excretion 
produced. Oral administration of ethacrynic 
acid has also produced an increase in excre- 
tion of calcium when a natriuresis occur- 
red. Phosphate excretion was slightly de- 
creased af ter ethacrynic acid administration 
under these circumstances. 

Methods. Renal clearance studies were 
performed on 3 healthy, paid, volunteer, adult 
males on the metabolism ward of the First 
(Columbia) Medical Division of Bellevue 
Hospital. In  these studies a control renal 
clearance was compared to a clearance meas- 
ured after intravenous administration of etha- 
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crynic acid,$ meralluride and chlorothiazide. 
Measurements of the excretion of inulin, 
para-aminohippuric acid (PAH) , calcium, 
phosphorus, magnesium, sodium, and potas- 
sium were made. All subjects were in the 
post-absorptive state, hydrated with 10001 ml 
of water and infused with 5% dextrose in 
water at 10 ml/min. prior to the study to 
insure a steady water diuresis at the starit of 
the study. Appropriate intravenous priming 
doses of inulin and PAH and a 10 ml/min. 
sustaining infusion of these materials in 5% 
dextrose in water were given through a Bow- 
man pump to maintain a steady plasma level 
of approximately 25 mg% and 0.2 mg%, 
respectively. Following an equilibration pe- 
riod of a t  least 30 minutes, urine samples 
were obtained for 3 to 5 consecutive lol-min- 
Ute control clearance periods. This provided 
baseline values for urine flow and urinary ex- 
cretion of inulin, PAH, calcium, phosphorus, 
magnesium, sodium, and potassium. Similar 
samples were collected during 3 or more con- 
secutive 10-minute clearance periods after in- 
tranvenous administration of 50 mg of eth- 
acrynic acid, 2 ml of meralluride or 5080 mg 
of chlorothiazide. Urine was collected via a 
multiperforated indwelling caitheter, and the 
bladder was emptied by air. Blood samples 
were obtained at appropriate time intervals 
throughout the study. 

Ethacrynic acid was also given orally to 3 
patients who were maintained on a constant 
diet in the metabolic ward. One patient had 
decompensated cirrhoss manifested by fluid 
retention and ascites. One patient was main- 
tained on moderate caloric restriction for 
obesity. The third patient had congestive 
heart failure secondary to arteriosclerotic 
heart disease. Following a control period 
lasting from 5 to 7 days, 200 to 4001 mg of 
ethacrynic acid in 4 divided doses was given 
orally in a 24-hour period; and 24-hour urine 
collections were continued. Daily calcium, 
magnesium, sodium, and potassium were de- 
termined in the urine and serum of these 
pa tien ts. 

Inulin was determined by a modification of 
the diphenylamine reaction after yeasting the 
plasma and urine( 9) .  PAH was determined 
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FIG. 1. Renal excretion in a 42-year old healthy 
male(KP) during water diiuresis before and after 
intravenous administration of ethacrynic acid. 

FIG. 2.  Renal excretion in the same subject as 
Fig. 1 during water diuresis before and after intra- 
venous administration of meralluride. 

FIG. 3 .  Renal excretion in the same subject as F'ig. 
1 and Fig. 2 during water diuresis before and after 
intravenous administration of chIoro thiazide. 

by the method of Smith( 10). Phosphorus was 
determined by the method of Fiske and Sub- 
barrow; creatinine by the Jaffe method; cal- 
cium and magnesium by atomic absorption 
spectroscopy; and sodium and potassium by 
flame photometry, all of which have been de- 
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scribed previously ( 11). 
The changes in the excretion of 

monovalent and divalent cations are illus- 
trated in Fig. 1. After a measured control pe- 
riod the intravenous administration of eth- 
acrynic acid produced a marked increase in 
sodium, calcium, and magnesium as well as a 
moderate increase in potassium excretion. 
These changes were produced to a maximum 
degree within the first 10 minutes after in- 
jection and were maintained for the 30 min- 
utes' duration of the clearance. A significant 
augmentation of calcium and magnesium es- 
cretion was produced after the intravenous 
administration of meralluride as shown in 
Fig. 2. In  Fig. 3 the results of the intravenous 
administration of chlorothiazide are plotted. 
An increase in calcium and magnesium excre- 
tion was again produced. The natriuresis and 
urine volume increase with meralluride and 
chlorothiazide were less than those seen with 
ethacrynic acid, and correspondingly, the in- 
crements in calcium and magnesium excretion 
were proportionally less. In  one instance 
where chlorothiazide did not produce a sig- 
nificant increase in the calcium and magnesium 
excretion, sodium excretion was minimal. In  
Table I the results of 4 clearance studies with 
intravenous ethacrynic acid in 3 normal men 
were tabulated. No significant change in renal 
hemodynamics occured as indicated by an un- 
changing excretion of PAH and inulin, but in 
each instance a profound natriuresis, cal- 
ciuresis, and increase in magnesium excretion 
occurred. These changes continued for as 
long as 60 minutes in some experiments, al- 
though a t  a diminished level after 30 min- 

Reszdts. 
utes. Phosphate retention occurred in each 
instance that it was measured when a change 
in calcium and magnesium excretion oc- 
curred. 

The results of oral administration of eth- 
acrynic acid are illustrated in Fig. 4, 5 and 
6. \Then the administration of ethacrynic 
acid produced only a minimal increase in so- 
dium excretion, only small added increments 
of calcium and magnesium excretion were 
obtained. When ethacrynic acid produced a 
large sodium outpouring, i t  induced significant 
amounts of calcium and magnesium excretion 
as well. The major excretion occurred in 
the first 24 hours and fell off as the natriuresis 
declined during the following 24 hours. 

Discussion. The physiochemical states in 
which calcium and magnesium exist in both 
plasma and urine are not clearly defined, 
making it difficult to delineate the mechanism 
involved in the renal excretion of these 2 
divalent cations. Previous reports have de- 
scribed a close parallel existing between the 
renal excretion of sodium, calcium, and mag- 
nesium(4,S). Walser and Robinson( 1 2 )  raised 
the possibility of a common carrier involved 
in the transport of mono- and divalent cations 
by the renal tubular cells. During urea-saline 
induced diuresis Better (6) reported that there 
was an increase in excretion of calcium and 
magnesium which was directly related to de- 
gree of natriuresis produced. The studies by 
Barker( 13) on renal excretion of magnesium 
also support the interrelation of calcium and 
magnesium to sodium excretion. I n  our studies 
a marked increase in calcium and magnesium 
excretion occurred when the diuretic produced 
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FIG. 4. The 24-hour urine excretion in a 57-year old male in heart failure during a control period 

FIG. 5.  The 24-hour urine excretion in a 38-year old obese male on caloric restriction during 
and during oral administration of ethacrynic acid. 

a control period and during oral administration of ethacrynic acid. 

a marked natriuresis supporting the above 
hypo thesis. 

Observations with orally administered eth- 
acrynic acid are in keeping with the intraven- 
ous studies and with those reported by De 
Sousa( 14). When a significant natriuresis 
occurred, calcium and magnesium excretion 
was augmented. Our findings with meralluride 
are similar to those reported previously(4,lS). 
The calciuresis was again related to the in- 
crease in sodium excretion produced. 

The thiazide diuretics have been reported 
not to affect excretion of calcium and mag- 
nesium( 16,17,18,19). In  our studies an effect 

on calcium and magnesium excretion occurred 
when the diuretic produced a significant 
natriuresis. In Duarte's study( 16) a sig- 
nificant increase in sodium excretion never oc- 
curred. The calcium retention reported by 
Yendt ( 19) in patients with hypercalciuria 
after hydrochlorothiazide did not develop 
during the time that natriuresis was in 
process. 

Phosphate excretion has been shown not 
to be influenced by a large osmotic diuresis 
(20,6) and the large osmolar diuresis pro- 
duced by ethacrynic acid did not increase 
phosphate excretion. After a delay oif roughly 
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FIG. 6. The 24-hour urine excretion in a 60-year 
old male with decompensated portal hepatic cir- 
rhosis manifested by ascites and edema during a 
control period and during oral administration of 
ethacrynic acid. 

10 minutes a decreased phosphate excretion 
was seen and although the mechanism for 
this is obscure, i t  would be compatible with 
a decrease in parathyroid hormone secretion. 

Summary. Ethacrynic acid produced an 
increase in calcium and magnesium excretion. 
This effect was proportional to the degree 
of natriuresis. Meralluride and chlorothiazide 
produced less natriuresis and the increment in 
calcium and magnesium excretion was less. A 
decrease in phosphate excretion occurred 
during the diuresis produced by ethacrynic 
acid. These findings support the thesis that 
cations, whether monovalent or divalent, are 
handled in a similar manner by the renal 
tubule. 

6. Better, 0. S., Conick, H. D., Chapman, L. C., 
Varrady, P. D., Kleeman, C. R., Proc. SOC. Exp. 
Biol. and Med., 1966, v121, 592. 

7. Smith, H. W., The Kidney, Oxford Univ. Press, 
London and New York, 1951. 

8. Samiy, A. H. F., Brown, J .  L., Globus, D. L., 
Kessler, R. H., Thompson, D. D., Am. J. Physiol., 
1960, v198, 599. 

9. Harrison, H.  E., Proc. SOC. Exp. Biol. and Med., 
1942, v49, 111. 

10. Smith, H. W., J. Clin. Invest., 1945, v24, 288. 
11. Briscoe, A. M., Ragan, C., Metabolism, 1966, 

v l j ,  in press. 
12. Walser, M., Robinson, B.  H. B., Transfer of 

Calcium and Magnesium Across Biological Mem- 
branes, Academic Press, Inc., New York, 1963. 

13. Barker, E.  S., Elkinton, J. R., Clark, J. K., 
J .  Clin. Invest., 1959, v38, 1733. 

14. De Sousa, R .  C., Jenny, M., Delaere, J., Revue 
Francaise d'Etudes Clin. et Biol., 1966, v l l ,  189. 

15. Wesson, L. G., Jr., J. Lab. and Clin. Med., 
196213, v59, 630. 

16. Duarte, C. G., Bland, J. H., Metabolism, 1965, 
v14, 211. 

17. Wa!ser, M., Trounce, J. R., Biochem. Pharma- 
col., 1961, v8, 157. 

18. Pcutsiaka, J. W., Madissow, H., Millstein, 
L. G., Kirpan, J., Toxicol. Appl. Pharmacol., 1961, 

19.Yendt, E .  R., Gagne, R. J. A., Cohanim, M., 

20. Mudge, G. H., Foulks, J., Gilman, A., Am. 

v3, 455. 

.4m. J. Med. Sci., 1966, v251, 449. 

J .  Physiol., 1949, v158, 218. 

Received September 27 ,  1966. P.S.E.B.M., 1967, v124. 




