
CHELATORS AND RESINOUS EXCHANGERS 3 73 

7.  Burger, A, Medicinal Chemistry, Vol. 11, Inter- 

8. Kerkach, I-. S., and Blinkin, S. A, Med.  Ex#. 

9. Verna, L. C., Herrero, F., and Aiquel, F., Arch. 

10. Fleisher, M. S., J .  Immunol., 1949, v62, 245. 
11. Oster, G., and Grimsmn, H., Arch. Biochem., 

12. Unpublished data. 

Received December 1, 1952. 

science hblishexs, Inc., 9. Y., 1952. 

(Ukraine), 1939, v1, 22. 

Farm. Bioquim. Ticiinton, 1949, v4, 219. 

1949, v24, 119. 

P.S.E.B.M., 1953, v82. 

Chelators and Resinous Exchangers. (20120) 

GUSTAV J. MARTIN, SIDNEY ALPERT, AND MILLER J. SULLIVAN. 
Front the Research Laboratories, National Drug Co., Philadelphia, Pa. 

Cation exchange resins of the carboxylic 
and sulfonic types have found wide applica- 
tion in medical practice for the purpose of 
sodium removal in cardiac decompensation 
cases. A major deterrent to a still broader 
use is the bulk of such agents required for 
therapeutic efficacy. ClearIy, any improve- 
ment in capacity would tend to reduce re- 
quired intake and hence increase patient co- 
opera t ion. 

It was postulated that capacity would be 
augmented through the removal by chelating 
agents of polyvalent cations leaving only the 
monovalent cations for exchange with the 
resin. Even if this ideal state could be ap- 
proximated, improvement should ensue. Eth- 
ylenediamine tetra-acetic acid or any similar 
agent will chelate only with polyvalent cations 
and it is these ions which possess the greater 
affinity for cation exchange resins, and there- 
fore reduce in vizw capacity. 

Experimental. The experimental design 
paralleled in large measure that employed by 
McChesney and his associates( 1-3), Ch'en 
and Freeman(4). and others. Natrinil, a 
commercial product, which is a purified cation 
exchanger carboxylic in a very finely divided 
state (90% through 2 0 0  mesh), 20% in the 
potassium cycle. and 30% in the hydrogen 
cycle was used. The in vitvo capacity was CQ. 

10.0 meq./g. The ethylenediamine tetra- 
acetic acid was a very pure sample which was 
used without further purification. The diet 
had the following composition: 

g 
Casein 1500 
Salt m i i  (Hubbel, 311endel! Wakeman) 300 
Crisco 105f) 

Suerose 3000 
Cod liver oil 225 
Modiuiii cliloride 75 
Yeast 600 
Roughage or resin as desired 750 

Total 7500 

As indicated above, any quantity of roughage 
may be replaced by resin as the experiment 
would require. In this way the total quantity 
of bulk was kept roughly constant. The resin 
was incorporated into the diet at a 5% level 
and the EDTA when used at a 1% level. 

A pair of rats was placed in each metab- 
olism cage and given the experimental diet 
and water ad libitum for 3 days, were then 
placed in clean cages and the diet was con- 
tinued with careful check on the food con- 
sumption. The feces were collected every day 
and pooled until the end of the experiment. 
The urine was allowed to accumulate in con- 
tainers containing 3 ml of concentrated nitric 
acid. The rats were kept on this diet for 4 
days and were then placed in clean cages on 
the same or new diet for the conditioning 
period (3 days). The collection was made in 
the usual way. The feces were thoroughly 
dried a t  80-105"C, then ground and thor- 
oughly mixed. 

After a review of the literature on flame 
photometry it was decided to check the results 
reported by Mosher et d ( 7 )  and the agree- 
ment was good. Methods were then developed 
using the idea of radiation buffers as proposed 
by West et d ( 8 ) .  It was found that the re- 
sults obtained by this procedure were com- 
pletely reproducible. Methods for the various 
elements are summarized briefly below. The 
urine was checked to make certain that it was 
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TABLE I. Effect of Etliyleiiediamine Tetra-Acetic Acid on I n  Vivo Capacity of Catioi: 
Esclinnge Resin. (-411 ralues mg/100 g of ingested food.) 

(‘arhxylic Combined 
cation ex- resin + 

EDT-1 change resin .EDTA &lltrQlS 

1’17 ( 3 )  
1’13 (10 )  
l i 5  ( I j  
164 ( I 

388 ( 5)  

249 ( 7 )  

138 ( 5 )  

139 ( i )  
127 ( i) 
OT4 ( 5 )  
371  (10) 
4 i 8  ( 7 )  

639 ( 5) 
i29  (10) 
384 ( 7 )  
638 ( 7 )  

312 (10) 

244 ( 7 )  

124 (10) 

303 ( 7 )  

21 ( 51 
16 (20) 

( 1 )  

102 ( 5 )  
37.8 (10)  

113 ( 7 )  
92 ( 7 )  

i1G ( 5 )  
626 (10) 
463 ( 7 )  
626 ( i j  

1: ( I )  

346 ( 2)  

24: ( 7 )  

476 ( 2 )  
“09 (10) 

17G (10) 

211 ( 7 )  

189 ( 7 )  
194 ( 7 )  
409 ( 2 )  
234 (10) 
273 ( 7 )  

405 (10) 

461) ( 7 )  

341 ( 1 )  

& 2 (  7 )  
38 ( 2 )  
18 (10) 

221 ( 7 )  
823 ( 2) 

398 ( 7 )  

899 ( 2)  
329 (1:) 

15 ( i) 
22 ( 7 )  

194 ( 2)  
179 (10) 
189 ( 7 )  
152 ( 7 )  
903 ( 2 )  
3.52 (10)  
490 ( 7 )  
m 4  ( 7 )  

-- 
13 (20) 
51 (19) 
G i  (20) 

458 (80) 

309 (20) 

114 (20) 
84 (19,) 
81 (20) 

- 

350 (19) 

- 

- 
596 (20) 
436 (19) 
438 (20) 

’741 (20) 
641 (19) 
TO5 (20) 

14 (20) 
2 i  (19) 

- 

- 

29 (20) 

01 (19) 

- 

118 (20) 

104 (20) 

815 (20) 
630 (19) 

- 

532 (20) - 
Figures in p;irenthescs represent So. of p i r s  of rats in each csp. leading t o  arg value s tami .  

definitely acid and was then diluted to 200 cc 
(urine stock solution). The “sodium buffer” 
was prepared by dissolving 0.5 mole each of 
potassium, calcium and magnesium chlorides 
in one liter of solution. In  a similar fashion 
the ‘‘potassium buffer” was 0.5 molar in 
sodium, calcium and magnesium chlorides, 
while the “calcium buffer” was 0.5 molar in 
sodium, potassium and magnesium chlorides. 
For the determination of sodium in urine? a 
standard curve was prepared using 1 ml of 
sodium buffer per 100 ml and known amounts 
of sodium chloride. The unknown was then 
prepared in the same way and its value deter- 
mined from the standard curve. The method 
for potassium was similar to sodium except 
that the potassium buffer was used at  the level 
of 4 ml of buffer per 100 ml. For the analysis 
of calcium in urine a new method, the validity 

of which will be established elsewhere, is de- 
scribed. Five ml of urine were pipetted into 
a 25 cc graduated cylinder; 0.5 mi of calcium 
buffer was added and then 3.0 ml of 1.0 N 
ammonium hydroxide. This mixture was di- 
luted to 2 5  ml? allowed to stand for 10-15 
minutes and then filtered. The clear filtrate 
was read on the flame photometer. The 
method for chloride in urine was that of Sen- 
droy modified by Van Slyke and Hiller(9). 
Two g of dry, ground feces were placed in a 
\Tycor crucible, moistened with 1 cc oi 6 N 
sulfuric acid, evaporated to dryness. charred, 
ashed in a muffle furnace at  500 to 550°C, 
cooled. One cc of conc. HC1 added and the 
mixture heated. One cc of conc. HNO: was 
added and this was heated. Five ni1 of dis- 
tilled water were added and the mixture 
heated to boiling. It was then diluted to 25 
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ml and filtered. The filtrate was used for 
analysis oi sodium, potassium and calcium in 
a manner similar to that described for the 
urine. The method for chloride in feces was 
essentially the open Carius method with a 
modified Volhard-Harvey titration as de- 
scribed by Peters and Van Slyke( 1Q). Phos- 
phorus in the urine and feces was determined 
as outlined in Hawk, Oser, and Summer- 
son ( 9 ). 

Results and discussion. From Table I, it is 
seen that e t h y lened iamine tetra- acetic acid 
given alone does not modify sodium, potas- 
sium or chloride content but does reduce cal- 
cium content of feces. The chelator tends to 
increase urinary calcium and chloride with no 
modification in sodium or potassium. In  ex- 
planation. it is proposed that calcium as a 
result oi its chelation is removed from in- 
soluble salts normally present in the intestine 
and rendered soluble with resultant absorption 
and subsequent excretion via the kidney. The 
facilitation of chloride absorption caused by 
the EDT-4, as reflected in increased urinary 
excretion. results from reduction by EDTA of 
calcium cation concentration normally re- 
stricting some chloride ions to the intestinal 
content. 

The results reported with the cation ex- 
change resin alone are in large measure similar 
to those reported by other investigators( 1-4) 
and need no comment. The combination of 
EDTA with the cation exchange resin com- 
pared to resin alone resulted in a marked in- 
crease in the capacity of the resin for sodium 
and potassium removal. Calcium excretion 
in the ieces was decreased by the concomitant 
administration of EDTA with the resin. The 
propo-sed explanation of these findings is that 
calcium is chelated as when EDTA is given 
alone and as a result absorbed or rendered 
non-reactive. This frees the full capacity of 
the resin ior exchange with monovalent cation, 
and the result is increased capacity. The de- 
gree of this effect will be associated with the 
relative abundance of polyvalent and mono- 

valent cations in the intestinal content, the 
higher the relative polyvalent ion concentra- 
tion the more marked will be the potentiation 
manifested by the EDTA. 

EDTA given alone does not modify fecal 
chloride but does increase urinary chloride. 
Given with a resin, it modifies the resin effect 
in that it reduces urinary chloride and in- 
creases fecal chloride. It will be recalled that 
anion exchange resins modify the altered anion 
excretion caused by cation exchangers in that 
urinary chloride excretion is decreased and 
fecal chloride excretion is increased ( 5 , 6 ) .  
Whether or not EDTA reduces the hyper- 
chloremia resulting from cation exchange 
resin administration remains to be found. It 
may well be that the combination will reduce 
the tendency toward the development of 
acidosis associated with resin usage. 

Summary. Ethylenediamine te tra-ace t ic 
acid given with a carboxylic cation exchange 
resin increases the capacity of the resin for 
monovalent cation removal. A concept is ad- 
vanced in explanation of this effect. 
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