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Preceding studies from this laboratory have de-
fined certain changes in body fluids in dogs (1)
and, in preliminary form, in human subjects (2, 3)
accompanying the ingestion of carboxylic cation
exchangers in the hydrogen cycle. In general, hy-
perchloremia appeared in both groups, the serum
bicarbonate was lowered, and the stool output of
sodium and potassium increased whereas chloride
and nitrogen excretion did not change. In this
paper further studies of the resins in various forms
in human subjects are reported as a basis for a
more adequate understanding of factors contribut-
ing to or limiting the clinical utility of these com-
pounds.

MATERIALS AND METHODS

Carboxylic cation exchangers in the hydrogen, am-
monium, potassium, sodium, or calcium form have been
tested in children and adults with a variety of diseases.
Selection of the patients was based primarily on willing-
ness and ability to cooperate in the study. Edema was
present in some. The experimental procedures, analytical
techniques, and statistical treatment have been detailed
in the animal studies mentioned earlier (1). The patients
were usually but not invariably maintained on a milk
formula or on a diet not rigidly restricted as to sodium
content. Again it should be emphasized that all stools
included in the study were formed.

RESULTS

A. Effects of hydrogen or ammonium cycle resin
ingestion

From Tables I and II and the summary of mean
changes in Figure 1, it is evident that the altera-
tions in serum constituents accompanying compar-
able average daily intakes of these two agents, 39.7
and 38.3 g. respectively, are essentially indistin-
guishable. Hyperchloremia, and lowered serum
bicarbonate and potassium values developed in

both groups of subjects without a statistically sig-
nificant change in serum sodium. Other meas-
ured constituents of serum or blood were not af-
fected. The mean output of sodium and of potas-
sium per day, per unit of stool mass, and per gram
of stool nitrogen (Tables III, IV, and Figure 2)
rose without alteration in the excretion of chloride
or nitrogen via this route.

Ingestion of the hydrogen form resin was ac-
companied by an increase in the average daily
urine volumes without statistically significant vari-
ation in the total daily output of the various urinary
constituents (Table V). In general the external
balances of chloride and of sodium (Table VI) re-
mained positive during resin therapy except in
those periods in patients WK, CSc, and GDe, when
edema was being delivered and in VG when the
body weight was decreasing on a reducing diet.
Usually simultaneous declines were recorded in
both the chloride space and the extracellular sodium
of these subjects. Cell nitrogen balances remained
positive during resin therapy save for the obese
patient, VG, who was on a limited caloric intake.
With but few exceptions losses of potassium from
cells coincided with and were induced by hydrogen
form resin therapy. The most striking losses oc-
curred in CSc. In the experiments with the am-
monium form of the resin it is to be noted that cell
potassium balances remained positive during resin
therapy (Table VII). Since the stool excretion
of this element had increased significantly it is ob-
vious that the intake of this electrolyte had been
more than adequate to prevent negative balances.

It is to be noted in addition that in patient SB
who received cortisone as well as the ammonium
form of the resin a decrease in serum carbon diox-
ide content and abnormally low serum potassium
concentrations occurred (Table II) together with

995



996

marked increases in stool sodium and potassium
excretion (Table IV and Figure 2).

B. Changes during sodium or potassium cycle
resin administration

Neither of these resins produced any statistically
significant changes in the mean values for carbon
dioxide content, chloride, sodium, potassium, cal-
cium or water, although serum inorganic phos-
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phorus rose slightly when the potassium form of
the resin was ingested (Figure 1, Tables VIII and
IX). On the other hand in subjects CSt and CSc
(Table IX) the serum potassium rose to hyper-
kaliemic levels, 6.1 meq./l., during therapy with
the cation exchanger in the potassium form. In
addition in CSc the extracellular potassium in-
creased. Comparable data are not available for the
other patient.

TABLE I

Body weight and analyses of blood and serum in subjects receiving the cation exchanger in the H cycle

Subject Time Therspy Body Wgt. Blood Serum
Sugar| WPM HCO, €1 ¥a 3 Ca P te
(Age-Sex) | (Days) | (8-/8.) | (k6.) | ngus)|(mgmti|(mea./1.)| (weq.72.) | (meq.s2.) |(meq.s1.)] (mgus) (umb,ﬁ.) 8%
w [ o 2.6 | 325 | 3 23.4 97.8 136 4.8 10,2 | 5.2 | 928 | 8.0
2N 0-3 ] 33.0 - 3h 25.4 95.h 1h) 5.0 108 | 5.3 | 930 | T.5
Diabetes 3-6 0 2,6 |09 | R 25.9 105.6 pLYY [ Y 9.0 | 6.1 | 935 | 6.7
6-9 25 2.8 | 288 | 33 21.9 106.1 2 8.3 9.5 | %9 | R | 7.2
9-12 35 33.2 23 2 20.4 104.8 138 8.6 - - 7.9
CAS 0 [ 1.6 | 166 | 35 25.0 103.4 145 4.5 - 5T | R | T8
9Fr 0-3 [ 41.6 - k1Y 25.8 102.8 143 8.7 9.8 | 5.2 | ®6 | 1.9
Disbetes | ' 3-6 0 %0.8 - 3b 25.0 104.5 147 3.9 9.2 | 4.8 | 929 | 7.7
69 25 k0.6 - 3 2.6 108.3 Uk 5.3 96 | 52 | 9% | 7.3
9-12 35 Ma i | 3@ 20.7 108.9 1 4,1 - 5.6 | 923 |
V6 [ [ 1440 T |29 19.7 105.2 7 k.5 10.3 | 3.8 - 1.5
W 0-3 [ 185,1 68 | » 21.8 105.6 156 5.8 10.1 - - 1.3
Obesity 3-6 ] 14,6 ™ |27 2.9 102.1 1 h.3 9.9 | 3.5 | 9 -
6-9 [ 143.1 ™ |28 22,6 100.8 139 5.3 108 | 3.9 |93 | 7.9
912 3?2 11,5 80 | 2n 18.7 106.9 135 | 383 - 3.3 - 1.9
12-15 32 1810 ™ |25 17.5 110.2 1k 82 - - - 1.2
15-18 2 139.8 8 |25 12.5 107.7 139 3.9 10.3 3.9 %6 | 8.2
18-21 [4 138.2 - 33 2.8 103.5 15 L3 10.3 1 |93 | 8.6
21-2h (] 136.8 - 30 23.7 101.0 12 8T 10.8 | ».8 | 926 | 8.1
2427 0 135.5 - K] 21.6 98.5 w2 | 3.9 1.0 - s | 7.8
JMe 4 o Moo 25T | R 2.8 1014 1 - - - 9N | 7.3
15 M 0-3 [ 8.6 |21 | n 2.9 103.7 13 I N - 5.1 |93 -
Disbetes 3-6 [ - 266 |29 22.9 102, 136 L8 - - - 6.8
6-9 b0 - 167 | 33 18,5 105.9 143 3.7 - - RT -
9-12 %0 - 28 129 16.1 108,1 138 8.0 0.8 [ 48 |3 | 7.2
[} ] R0 1 |36 25.9 1087 L33 [ 9 Y 9.8 |86 {932 | T2
n r 0-3 [ .0 |50 |35 2.7 108.9 pLY | %03 - - %9 -
tabetes 36 ] A2.0 Jeo7 N 2.1 105.4 185 5.0 9.5 | &S s | 6.8
69 [ %) K20 166 |3 18.2 1m.8 143 3.7 - - 931 -
912 L] Me.2 1200 138 16.9 | 109.2 143 3.1 9.7 145 199 | 7.9
" 4 [ [ €2.9 7 | W 28.3 100.5 W2 8.6 11.0|] 3.8 | 938 | 6.5
ST 0-2 3R 61.3 80 | W 23.2 106.7 139 'R 10.6] 3.4 93k | 6.3
Cong. 2-h 32 59.0 s | s1 2.4 106.5 138 3.7 9.8] 3.3 - 7.0
Fetlure 4-6 R 58.3 93 | u8 20.1 104.3 1k k.0 - 4.3 - 7.6
6-8 3R 57.5 83 | w8 19.3 104.8 142 'Y - 3.9 |9 | T.0
8-9 R 57.3 - 46 20.2 106.4 pUYY 3.9 10.1 - 92 -
9-13 [ 58.2 81 | u1 25.9 101.8 143 [ 10,2 b2 | 930 | 7.0
13-15 o 59:3 - bl 24.7 102.4 142 4.7 - b 1o | 6.9
C8¢ o [ 48.9 87 | 33 22.2 110.4 1h2 5.2 n.2] 88 939 | 6.3
By 0-3 [} 49.3 88 | 32 25.4 104.8 137 5.0 97| S | 901 | 5.9
C-V Dies. 3-6 (] 50.9 - N 26.4 104.4 18 6T 9.6| 5.8 | 91 | 6.2
69 3R %9.8 75 |2 20.5 107.8 1 bb - 6.2 | 938 -
9=12 32 k9.1 - 29 23.6 106.5 182 [ Y93 9.6] 5.2 | 939 | 6.6
12-15 [ 88,5 - 3 234 101.9 139 &9 - - 928 -
15-19 [+] .9 - - 21.0 103.6 12 5.4 - - 936 -
GDe 0 0 61.7 - 8L |.21.5 100.6 pLY 5.2 9.2 |63 |93 | 5.5
3b M 0=5 30 57.8 - 81 | 12.2 112.3 139 6.8 9.0| 9.1 | 93 .3
Chr. 510 [ 56.4 - 80 pURY 108.6 135 S.b - 7.3 |92 | 6.2
Nephritis| 10-15 21 57.6 - 76 13.7 115.9 P A3 9.5 6.2 |93 | 5.9
15-19 20 56.6 87T |13 13.7 13.8 185 8,0 8.7 s.g 936 | 6.0
19-25 6 _ 55.8 - &2 13.2 116.3 140 .5 1.8 1 5.8 191 | 5.9
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TABLE II
Body weight and analyses of blood and serum in subjects receiving cation exchanger in the NH, cycle
Blood Serum
Subject Time |Therapy | Body Wgt.
(Age-Sez) | (Doys) | (e/d) | (k&) | quoo | NPN | HCOs | € | Na K Ca P _ | HiO |Protein
(mem. %)|(mgm. %) | (meg. /L) [(meg./1) | (meg. /L) | (meg./L.) |(mem. %) |(mem. %)) (e./1.) | (& %)
JF 0 0 69.5 — 35 25.7 95.9 | 138 4.5 9.5 3.2 929 | 7.5
29 M 0-6 40 67.4 124 34 27.5 | 100.2 | 150 4.5 9.8 3.5 929 | 7.8
Diabetes 6-12 0 66.6 — 41 30.1 98.0 | 149 4.5 10.0 3.6 925 | 8.1
12-18 | 40 67.0 108 38 23.7 | 1049 | 145 5.3 9.7 3.5 925 | 7.9
18-24 0 68.9 69 |. 32 28.1 | 104.0 | 147 5.0 9.5 4.4 934 | 7.3
CS 0 0 60.2 — 33 26.3 | 108.8 | 144 4.3 8.4 2.6 935 | 6.6
54 M 0-6 40 — — 36 144 | 1145 | 144 4.1 8.8 2.3 931 | 7.2
Arthritis 6-7 0 — — — 23.0 | 1104 | 144 3.7 — — — —
7-12 0 — — 31 27.6 | 101.7 145 4.4 8.9 2.1 938 —
CSc 0* * 48.7 — 38 29.4 90.8 | 142 6.1 8.8 5.0 939 | 6.3
33F 0-7 8 48.0 — 39 24.4 97.0 | 140 44 — — 944 | —
C-V dis. 7-13 40 484 | — 41 22.8 | 101.2 153 3.8 —_ 3.8 933 —_
-13-19 0 52.7 90 35 26.6 94.5 | 136 4.3 8.8 4.5 941 | 6.1
SBt 0 t 28.0 70 36 23.7 | 106.5 | 148 4.6 — — 934 —
7F 0-3 40 28.3 — — 28.7 99.9 | 150 2.4 10.1 3.6 938 —
Rh. Fev. 3-6 40 27.9 65 36 30.2 97.1 | 144 34 9.1 3.5 937 _
6-9 40 28.1 76 29 28.1 | 101.4 | 145 2.8 — — 934 —
9-12 40 28.0 78 30 30.1 99.1 145 2.5 — 4.0 —_ 6.5
12-15 40 28.5 59 32 96.5 | 144 2.9 — 3.1 — 6.7
15-18 40 — 61 29 27.8 | 100.7 150 4.8 —_ 4.0 936 7.0
18-21 40 — 92 36 20.3 | 109.7 | 148 4.2 — 4.4 — —
WY 0 0 74.1 —_ 68 23.2 | 107.7 138 5.1 9.3 5.0 924 7.0
45 M 0-6 40 71.7 160 63 16.2 | 108.4 | 143 3.8 8.5 4.8 921 7.7
Diabetes 6-7 0 — — 63 17.5 | 111.5 144 4.4 — —_ — —
7-12 0 71.8 172 55 204 | 1094 | 140 4.3 9.6 4.7 929 | 7.3
EMc 0 0 — — 42 | 272 | 1074 | 144 4.5 9.1 3.3 926 | 7.3
IMF 0-6 40 — 203 46 11.8 | 117.2 | 144 4.0 8.9 3.0 927 | 8.0
Diabetes 6-7 0 — — 42 15.2 | 115.5 | 145 4.0 — — — —
DY 0f b3 30.4 67 44 23.1 | 108.6 | 141 3.7 6.7 5.0 936 | 3.7
12 M 04 35 31.4 —_ 33 19.7 | 113.7 140 3.1 — 4.2 938 3.5
Nephrosis | 4-10 0 314 — 36 20.5 | 110.1 | 139 4.0 7.3 4.5 933 | 3.6
WG 0 0 324 62 35 25.8 | 104.1 | 135 4.5 11.5 5.4 936 | 6.8
12 M 0-5 0 30.4 80 43 21.7 | 106.7 — — — 5.4 915 —_
Gl. Neph. 5-10 0 28.8 — 35 249 97.4 140 4.9 — 5.0 921 —_
(healed) 10-15 0 30.1 75 36 27.2 | 1004 | 138 5.4 9.9 4.8 927 | 8.3
15-20 0 30.1 — 35 26.6 | 105.1 | 140 44 9.5 4.6 930 | 7.7
20-26 38 30.0 — 37 26.6 | 105.0 141 3.8 —_— —_ — —
26-31 0 29.8 — 44 26.6 |-101.5 | 137 4.0 10.0 4.6 925 | 7.8

* End of K resin period.

1 Patient receiving cortisone throughout study, 100 mgm./day for 40 days.

1 End of K resin period.

Ingestion of the sodium cycle resin increased the
stool output of potassium and of sodium (Table
X and Figure 2). Similarly, on an intake of the
potassium cycle resin, stool potassium and, to a
lesser extent, stool sodium increased (Table XI
and Figure 2). In each group of experiments,
some of the cation, either sodium or potassium, in-
gested with the resin was released and entered the
body fluids. Though daily urinary excretions of

the particular cation under scrutiny were quite
high, positive external balances were recorded
(Tables XII and XIII). In the case of the sodium
resin, the absorbed cation, sodium, remained pri-
marily in the extracellular phase (Subjects EB,
JV, and VB). Potassium released from the resin
on the other hand was retained in the body and
entered the cellular phase in patient RC (Table
XIIT). Patients WG and CSc, however, excreted
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this cation in both urine and stool and lost it from
cells.

C. Studies during calcium cycle resin

Insofar as can be determined by inspection of
Table XIV or statistical comparison of mean val-
ues (Figure 2) this resin failed to influence either
the stool output of chloride, or nitrogen but did
raise to a slight extent the stool sodium in all cate-

GREENMAN, PETERS, MATEER, WEIGAND, WILKINS, TARAIL, RHODES, AND DANOWSKI

gories and stool potassium in the per day and per
gram of nitrogen groupings. It would appear,
therefore, that attachment of this divalent cation
to the carboxylic exchanger renders it less effective
from the point of view of affecting stool excretion
of sodium and potassium. Furthermore there is
no evidence of any consistent and significant change
in either the individual values or the means of
most of the measured serum constituents, includ-

None B NH4 Na K Ca
Serum |
HC03 0 ——. . — |
megq/1
5 } - .
*5 L * *
cl 0 . ._—_-_-_
meq/1 )
-5
+5 |
Na I s ——
0 S SR
meq/l -
5
+5 F
K 0 w— SE— ——
meq/1 *
-5 }
*2 I ZERO ZERO
Ca 0 - ——
mg% 2 F
+2 ZERO hd ZERO
P 0 -—— S
mg%h -2t

Fi6. 1. SeruM ELECTROLYTE CONCENTRATIONS WITH AND WITHOUT RESIN THERAPY
The blocks represent mean alterations in serum constituents between the onset and the end of each
of the regimens indicated at the head of the individual columns. The chemical abbreviations stand
for the form of resin ingested. Asterisks identify statistically significant differences from the changes
in the control values (“p” for the “t” test equals 0.05 or less). Without resin therapy serum constitu-

ents listed on the left varied but little,

perchloremia and lowered serum potassium levels.
Serum inorganic phosphorus rose during administration of the K cycle, and se-
rum chloride fell when the Ca form was ingested.

significant changes.

Treatment with H or NH, forms produced acidosis and hy-

Ingestion of the Na form did not produce any
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TABLE III

Intake data and urine and stool output in subjects receiving the cation exchanger in the H cycle

3] Time | Therapy Intake Urine Stool
Fluld| €1 Ma [ X ] Vol. CL | Ma X ™™ | wgt. | C1
(days) | (g./a.) | (2.) | (meq.) [tmea. hmeq.) (gm.) | (1.} |imeq.)|(meq.)|(neq.)| (gm)| (eh) |(meq.) (-'e':.)(-o‘c.) w'-'.)
w 0-3 [ 7.36] 290 | 259 |23 |33.5 | 3.88 | 253 | 221 | 200 {27.7 ]
3-6 o 7.11{ 215 | 180 |257 | 37.% | 3.18 | 115 | 115 | 195 28.3 | 63 71 1021 5.6
69| 25 .96 215 | 180 |257 | 37.4 | S.91 | 132 | 87 |189 |2s5.k
9121 35 9.28| 215 1180 ] 257 | 37.4 30 1183 ] 91 | o1 |29.2 JJ 563 18 | 319 5.1
cas| 03 0 6.84] 512 | 481 [230 |33.6 | 3.48 | u47 | %70 |170 |25.0 ]
36| o 6.80| 545 |s12 [2ks |35.8 | 2.73 | uo8 | us9 |ar7 |2kio U P 1 3 9|08
69| 25 7.79] 568 | 534 [256 |37.3 | 2.79 | 389 | 30 [107 [23.7
92| 35 T.hh| 568 |53 256 [37.3 | .25 | 509 |b82 | &1 |20.3 297 | 3 | 22 | 136 | 1.4
VG 0-3 0 5.55| 246 |231 |1 J16.2 | 1.10 | 215 | 188 | 32 [16.2 ]
3-6 0 k58| 271 [25% 122 [17.8 | 0.50 | 136 [139 | 19 | 5.6 |I3n 3 | 1o 87 | 5.0
6-9 (] 3.58| 216 203 | 97 |14.2 | 1.00 | 233 |24k | 82 [11.9 ]
9-12| 32 K2 205 193 | 93 |13.5 | 1.9 | 204 | 187 | 86 [13.1 L
1215 32 L.L6| 225 192 [101 |1k.8 | 1.65 | 2o | 104 53 |1k.9, - 0.4} 1k9 0% | 1.0
15-18 | 32 6.12| 250 235 |113 }16.5 | 4.58 [ 551 [ 280 | so [22.7 [
18-21 [ s.40| S0 3 |120 14,2 | 2,60 | 225 | 98 | 28 [16.2
21e2b 0 3.0 W 2 |9 |1.7 | 3.25 1074 36 | 50 [19.4 89 0 28 26 | 1.0
2427 o) b,28] b7 3 115 113.5 | 2.8 50 ] 57 | 60 15.1 .
Me | 0-3 3 Full |aiab.|aiet .25 | 614 [587 (193 [37.1 ]
| o bl kel - 37 | |68 o s I8 |5 | 57| 8 poo
”n " " . 3.2
012 | ®o " _r 320 | 200 173 320 J[ TT5 5 |imh | 33+ [8.8
KMc | ©0-3 [ Full |aiab.|diet 3.76 | 458 [508 |iko [38.5
2:6 2 " " 1.2; 2&2 29 gke i J"9" 5 || 8 {79
9 " " " S 51 337 | .9
9-12 | Lo " " " b,22 | 353 {146 .0 1905 b 1351 | 283 [6.6
32 6.47] 83 5 |200 [23.6 | 3.96 | 132
32 6.25| 89 s |16 |25.% | 5.38 | 190
32 7.50 | 89 5 [216 |25.% 3.57 98 6 88| 17 |4
32 5.79 | 718 5 189 |22.3 k.05 92
32 3.02 | b4 3 [108 |12.7 | 1.70 38
[ 3.48 | 180 1 437 |51.5 | 5.20 | 154 6
0 6.71] 89 5 o6 [2s.k |om8 | 15 3 9 1 17 |2
[ 556 |s25 30 [33.6 | k.2 | W46
2 o okE Bl | o
s B B E RS s Lo oo
0 166 |10 k7.6 | 8.h0 | 2b0 93 1129 [3.9
30 309 53.9 | 5.35 262 13 9 9% (5.6
0 30h 53.1 | k.90 |19 5 |18 | ke k.8
21 Full 4 diet 9.25 | 377 1 12 {122 (L9
20 ("sal ") dtet 9.50 | 386 1 8 98 |3.8
2] Full | atet __D7.h0 1870 11 63 ]23 [6.8

ing calcium and phosphorus (Table XV and Fig-
ure 1). The chloride concentration, however, fell
approximately 2 meq./l. in all patients without
other change. Balance data, however, were not
consistently altered in VB or JF (Table XVTI).

D. Comparison of the efficiency of the warious
resin forms

Mean stool excretion of sodium and potassium
per gram of resin was determined during adminis-
tration of the hydrogen, ammonium, potassium,
sodium, and calcium forms of the cation exchanger

in the experiments in which sodium was not
rigidly withheld. The few studies in which the diet
was almost completely free of sodium are included
in the tables, but excluded from the means, to il-
lustrate the decrease in efficiency of the hydrogen
and ammonium forms under such circumstances.
For simplicity the calculations are omitted, but the
findings can be summarized briefly.

The hydrogen, ammonium, and potassium forms
of the resin removed equivalent amounts of sodium
plus potassium in stools (1.5, 1.9, and 1.9 meq./g.
respectively). Mean stool sodium averaged 0.4 to
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TABLE 1V
Intake data and urine and stool output in subjects receiving cation exchanger in the NH cycle
Subj. | Time |Therapy Intake Urine Stool
Fluid Cl N: K N Vol. Cl N K TN Wet. Cl N K N
Days) | @/d) | "G5 | (meg | (mea) | (mead | (@) | ) |(mea) |(mea |(mea) | @) | &> |(mea | omeas | cmead | @)
JE | 0-6 | 40 Full diab. diet 17.60 | 1442 | 1045| 396 | 90.6 | 73| 03| 10| 25| 24
6-12| 0 [23237 521 436 | 622 | 90.6]12.15| 401| 343| 274 | 756 | 286| 0.3| 30| 122 | 2.6
12-18| 40 |20.14| 496 | 416 | 592 | 86.3| 8.60| 156| 26| 218 | 86.1 | 611| 4 | 45| 214 | 3.4
18-24| o Full diab. diet 9.24|1850|1862| 191 | 74.1 | 495|113 | 44 | 102 | 3.3
cs o6 | 40 Full diet 7.00| 735| 367| 189 | 46.6 | 704|18 | 398 | 130 | 4.6
6-12| 0 2.50| 285| 152| 54 | 368 782|51 | 88| 67| 85
CSc | 07 8 [14.92] 281 | 234 | 336 | 49.0| 860 o] o|30s|[e0| — | —| = | — | —
7-13| 40 o 810| 26| 3| 81| — | 910|12 | 48| 240 8.1
13-19] 0 Salt-free” diet 8. 19| o] 62| 419] 212| 3 9| 44 19
SB [0-3 | 40 4.00| 408| 185| 81| 403
36 | 40 497| 434| 240| 55| 346 }122,8 21 | 181 ] 266 | 9.4
69 | 40 413| 369 224|103 | — || — | — | — | = | —
9-12| 40 Full diet 452| 460 256| 39 | 33.1 | 113013 | 203 | 347 | 84
g:lg 40 g.gg ggg (3518 gz :g.g 642 3 | 195|162 | 6.2
18| 40 .
18-21| 40 166| 301| — | — | 277 }670 3 | 192232 69
21-23| 40 202| 83| — | — | = | 250] 3 | 94| 50| 29
WY |0-6 | 40 |11.89] 261 | 219 | 311 | 45.4| 6.40| 95| 85| 160 | 41.4 | 2109] 25 | 258 | 134 | 13.0
6-12| 0 |1302| 267 | 224 | 318 | 46.4| 7.00| 298| 186| 161 | 484 | 850| 3 | 17| 80 | 8.0
EMc|0-6 | 40 Full diab. diet 346| 1 | 118 | 166 | 2.4
DY |04 | 35 Full diet a10| 163| 94| 189 | 5004 s70| 3 | 123 | 132 ] 5.7
4-10| o [11.03] 146 9| 354 | 65.0| 7.05| 338| 197| 270 | 58.0% 1171 |11 | 26 | 48| 6.3
WG | 0-5 0 |12.64| 223 | 13| 542 | 64.0| 7.88| 386| 272| 259 | 40.1 | 470]| 5 6| 96| 5.2
5-10| o0 |13.58|233| 14| 566 | 66.8| 7.25| 251| 54| 338 | 489 | 299| 3 ol 51| 37
10-15| o0 [13.80| 233 | 14| 566 | 66.8| 9.19| 275| 21| 301 | 52.7 | 534| 6 3] 90| 59
15-20| o0 |[12.95| 233 | 14 | 566 | 103.8| 7.72| 268| 68| 363 | 56.4 | 475| 5 8| 77| 6.8
2026 | 38 |16.72]| 251 | 15| 608 [111.6]12.15| 350| 85| 101 | 966 | 766| 6 | 28| 240 | 6.7
26-31| 0 [14.79]| 221 | 13| 538 | 98.6| 6.24| 204| 67| 106 | 57.7| 782| 5 | 31288 | 7.2

* TN values in this patient include 37.4 and 45.3 g., respectivefy,. of NPN.

1.0 meq./g. for each of these forms. All of these
exchangers were more effective in this respect than
the calcium cycle. With regard to potassium the
hydrogen, ammonium and sodium forms proved
to be equally effective in augmenting the loss of
this electrolyte via the gastrointestinal tract.
They were again superior to the calcium form.
More potassium was excreted in the stool during
potassium cycle resin administration than during
the ingestion of any other form of the exchanger.
It does not seem likely that this represents in-
creased removal of endogenous or dietary potas-
sium, since the amounts of this cation recovered
in the stools were less than that administered in
the resin. The large amount of potassium found
in the stool would appear to be best explained by

“unchanged resin” or the temporary release of po-
tassium in the acid medium of the stomach and sub-
sequent recovery of large amounts of the cation in
the alkaline small intestine by the exchanger. The
same reasoning regarding sodium may be applied
to the sodium form of the carboxylic resin. Each
gram of the potassium and sodium forms of the
resin contained 3.8 meq. of their respective cations
prior to administration. ‘

E. Clinical concomitants of resin therapy

Ambulatory patients or those without discom-
fort tolerated the above cation exchangers quite
well, whereas those with gastrointestinal symptoms
or general malaise experienced varying degrees
of difficulty in ingesting and retaining the larger
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dosage. In some, emesis was extensive enough to
prevent administration of the exchangers; these
subjects have been excluded from our studies.
Seven of the studies with the hydrogen or am-
monium forms of the resin were conducted in pa-
tients with diabetes mellitus. Though the carbo-
hydrate data have been omitted for purposes of
brevity the results indicated that the development
of acidosis as a result of resin ingestion was not
accompanied by ketone bodies in the urine and
did not exert any visibly deleterious effect on car-

NH,
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TABLE V
Statistical expression of urine data during H resin therapy

Control a.nd
post resin* Resin
Mean |No.|S.D.| Mean |[No.{S.D.]“t" | “p"

Volume (ml) 1026.1 | 20 |531.2 1813 9>‘|’ 22 |775.9 | 3.991] 0.0025
Cl (meg./d 89.5| 21 | 54.3 21 | 54.60.89 | 0.38
Na (meg. /d) 789 | 21 | 63.2 67 9 20 | 45.6 | 0.62 | 0.52
K (meg./d.) 395 21 | 23.1 35.8 21 | 19.2 0.55 | 0.62
TN (1./d) 80| 21 3.1 9.2 21 26| 1.25 | 0.22

* Control and post resin periods combined after statis-
tical demonstration that they were indistinguishable.
t Significantly greater than controls

Na, K Ca NH
o0 cortisone

(meq) o —-m_-ﬂ_u_‘_-_g___.‘_-_n_

None H
S50 L
Stool . >
a 80 W5
382
(meq) )
23g
K
(meq)
ca 104
N 0r

.

(g) Ol—eant—_ __sser— s e 2 sss--.  sam-. sam-.

Fi1c. 2. StooL Data
The columns represent stool excretion of Na, K, Cl, and N per day, per 100 g. of wet stool, and per

1.0 g of nitrogen during therapy indicated at the head of each group of columns.

Again the chemi-

cal abbreviations indicate the form of the resin ingested, and the asterisks stand for values signifi-

cantly different from the control column entitled “none.”
dicates the patient receiving the NH, form of the resin together with cortisone.

The column headed “NH, cortisone” in-
Stool excretion of

sodium and .of potassium increased to a variable degree irrespective of the particular form of the resin
administered, or of cortisone therapy. Mean stool chloride and nitrogen values were not changed dur-
ing the ingestion of any of the exchangers, but did increase slightly when cortisone was given during

NH, form therapy in one patient.
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TABLE VI

External, extracellular, and cell balances in subjects receiving the cation exchanger in the H cycle

Subject Time Therapy Ext. Bal. Extracell. Bal. Cell Bal.
[ Na 3 [] 1,0 3 Ne [ [3
(Days) | (g./d.) (meq.) | (meq.) | (meq.) | (gm.) (1.) (meq.) | (meq.) | (gm.) | (meq.) | (weq.) Kmeq.)
w 0-3 0 +31. 1 +3 -2 2.7 40.5 4101 ¢ b ¢+ 2.7 -7 -25 -3
3-6 ] ‘9 +5 |+ |e6.0] +0.1 +29 -h ¢ 6.4 ¢ 30 ¢+ 15 (]
6-9 25 + T + 30 -9 + 9.1 40.6 + 85 +2 + 8.9 - 55 - 9% -115
9-12 35 $ 25 + 2 + 1 $ 5.3 0.3 s 12 +5 4 5.5 ¢+ 15 ¢ 2 - 11
CAS 0-3 (] + 62 ¢ 6 |+55 ¢+ 7.9] ¢0.6 + 79 +5 ¢49.0| -173 ¢S50 |+ 29
3-6 o 4133 +°A8 | ¢ 64 |e10.2 | #2.0 182 - b ¢ 9.8 | 136 + 68 406
6-9 25 175 0180 |[e 82 [412.6 ] w1 2% *20 #13.8 | ¢ 56 e61 429
912 35 s 55 $ 37 | e $7.0] 0.3 226 =12 2671 + 12 #1019 14103 |
VG 0-3 o' 428 -7 Jes0 |-19] e0a 272 +9 - 8T | -279 + 8 fe 52
3-6 [ 132 + 66 T +10.3 s2.1 -16 -5 +15.0 +182 «e79 e 3
6-9 [ -2 -91 |-18 |4 0.b | 40.2 - 65 +1 432 | -26 -1 |-23
9-12 32 -1 -4 |-28 [-01] -1.8 -366 -2 - 0.1 | #4320 -2 |- 26
12-15 32 -17 +76 | 3 -0.6] -1.0 + 36 -13 -15 | ¢+ %0 +26 [t 30
15-18 32 -303 =19 |e 2 4+ 6.T| -1.9 -318 -16 + 6.7 | +299 ¢ b |4 28
18-21 [ -177 -107 |¢8 |-2.5] -0.3 410k +9 -9.8 | -2a11 + T Je
2124 (<] - 68 -8 |4d0 |[-8.2] -0. - 80 413 - 5.5 | ¢ 3% +21 e bo
24-27 0 - 5 - 66 JeME [-21 ] 40.6 *117 -21 - 4.8 | 183 + 671 1t 78
" ot 2 -53 | <200 | #83 |e83 1.2 | <198 |-8 |en6] 498 vo1 |80
2-4 » =105 -123 | +90 | ¢ 6.0 -0.9 -1k5 | -12 ¢5.2 | ¢e22 ox?e : 90
b 32 -12 - 48 €33 | ¢+ 7.2] 0.1 +51 |+ ¢8| -99 +128 |+108
68 2 - 20 - Ab #18 |+ 0.9 -0.2 -16 |+3 409 | -28 15 |en13
8.9 3?2 s 2 - 15 +83 |¢3. -0.3 -b |6 eh0 | ¢ 26 8 e
9413 [4 2 - A8 354 | ¢ 2. 40.7 a3 |45 .2, «161 4389 |e3%h
13-1% ") 2l - 5 $20h | J|__40.6 | o6k |e¢9 $19.8 | - & 4195 1e148
csc o3 o 405 | sods | 229 |esa] o | as7 |46 [esa | 498 -3 |-
6 [ +119 152 23 | ¢9.5] a2 0237 e 2 +98 | -85 -25 -8
9 » - 90 -39 -25h | ¢ b0 -1.2 =205 | -9 ¢ LT | -2 -2b5 |-256
9-12 32 1Y -1k9 =106 | - 0.3] +40.6 403 | -1 - 0.3 | -252 =105 |-10M
12-15 [ -139 -102 ¢+ M | 405 -0.8 <139 |+ 7 -0 | ¢37 «37 |
15429 [+ -8 - 8 ¢ % [47.5] -0.8 -9 -1 4751 ¢ 8 ¢ 81 Jo 23
GDe 0-5 30 + 3 -153 0136 | +25.9] -1.3 <249 | 915 423.3 | ¢ 96 a2 | 65
5-30 ("] 1] 2 83 2295 | e25. 1.3 #123 | -1 428.1 | ¢206 4206 {9139
* Value has been corrected for external balances of NPN
** K represents transfers of K in excess of protein metabolism
TABLE VI
External, extracellular, and cell balances in subjects receiving the cation exchanger in the NH, cycle
Subject | Time Therapy Ext. Bal. Extracell. Bal. Cell Bal.
o1 % | X ] 8O ) ) K|
(g./a) ] (.} | (meq.) | (weq.) |(en.) (1.) (9eq.) | (meq.) | (gm.) (weg.) | (meq.) [meq.)
r 612 [ AT | + 59 4195 + 6 + 9.0 -136 4220 [+4199
12-18 M 2138 4208 222 | - 2.2 2136 | 138 [41h3
¢ o7 | v leere | 420 sg03 f-12 L6l -3 | ed3 178
1 4 0-6 [T 4139 -126 23 -15 - 6.9 =359 *3R |es8
Sl2 9 =2 211 =103 27 = 6.6 2120 =6 |-53
PY h-20 ° =206 | -217 | | -200 1ebd 1-01 ! -16 | e fo
w0 0-5 0 - 269 -206 -6 #16.7 - 63 *19%  |eash
5-10 .0 - 28 - 52 4100 +S *15.5 =152 QAT Je
10-1% o - g 13 =110 o ¢ 7.7 - +86 o
15-20 0 - - 65 - 8k 11 *80.5 - €137 e M2
20-26 38 117 =100 -135 -8 ¢ 1.6 3 275 [e257
Q 3220 =9 20 13 $32:0 =100 | e1A2 ¢ 66

* Value has been corrected for external balance of NPN

** K represents transfers of K in excess of protein metabolism
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TABLE VIII
Body weight and analyses of blood and serum in subjects receiving the cation exchanger in the Na cycle
Subject Time Therapy Body Wgt. Blood Serum
[3 C P H,0 [Protel
(hge-sex) | (Dave) | (6:/8.) | (x8.) | ey impn)|meas1)] (meqos1. | (meqesry |imeansr.y] mems) | mewm ko-71) (aem) ]
EB (4] [ 51.0 1712 | 31 23.9 99.4 1ko 4.3 10.3| 5.0 | 937 | 6.7
1 M 0-3 (] 50.8 2k0 | 3% 2.8 99.5 19 8.6 - - - -
Dieb. 3-6 o 51.0 2713 gg 25.4 100.8 1 5.3 9.8] 5.0 - 7.2
6-7 o 51.4 - 26.2 06,7 12 b2 10.2 | k. 932 | 7.6
7-10 %0 51,8 |226 | 33 | 21,0 101.0 138 5.3 - - - :
10-13 %) 51.8 - 13 23.6 102.1 1h3 k.6 - 8.7 1936 ] 6.8
v [ ] 5h.2 173 | 32 25.7 96.7 139 3.8 10.2] 3.8 | 932 | 6.5
15 M 0-3 o Sh.b 318 25.4 97.7 147 %3 - - - -
Dieb. 3-6 ° Sk 29 | 33 25.9 98.7 12 4.3 10.0| %1 | 930 | 6.8
67 (4] 5k.0 - 35 26.3 98.7 - 5.3 | 10.2]| &.6 - 7.0
7-10 %0 ss.h |22 |33 | 212 9.9 w2 83 . - - s
10-13 %) 55.4 - 3 25.3 99.1 143 5.8 - k.0 6.1
vB o . 36.6 75 |35 2k.,0 100.0 139. 3.5 - k9 | %3 | 8.0
Lli M 0-8 %0 37.4 9 | 30 26.0 974 1hk k.3 - %9 |9 | 7.3
Rh. Pev.

* End of Ca cycle resin

TABLE IX
Body weight and analyses of blood and serum in subjects recetving cation exchanger in the K cycle

Subject | Time Therapy | Body wgt. Blood Serus J
Sugar| NPN HCO, c1 Na X Ca [3 HO |Protein
(Age=Sex) | (Days) (g./a.) (X8-) | (mgws)| (mgn%)|(meq./1.)] (mea./1.) | (meq./1.) |(meq./1.)| (mgms) | (mems) (l.ll-)m;cd)
RC [ 0 48.4 - 3 P 97.0 150 5.2 10.0| 3.8 - -
13N (Y 60 47.4 - 37 22.7 100.7 140 b2 - - 93k -
Diabetes [ %3 6o 47.2 m | 35 25.1 99.7 12 L2 10.0] M4 | 936 | 7.0
69 60 ¥.0 286 | 33 23.3 9.4 13 [ %] 9.4 | b5 | 937 o
912 60 48.8 288 | 33 25.0 101.0 148 4.6 9.1] b1 | on1 -
[ 3 [ 4 . - 209 | 3% 16.9 109.2 13 3.7 96| 8.5 | 29| 7.9
unr 0-3 %) - 255 | 32 27.3 1014 137 k.2 - - 935 -
| Diabetes
cst (1) ] 60.2 - 31 27.6 101.7 145 L 8.9 2.1 | 938 -
Sh M 0-6 L7} - - 3¢ | 28.7 100.5 15 6.1 8.8] 2.9 | 936 | 6.7
| Arthritis] 6-12 (] - - 13 26.0 106.1 147 4.0 9.21 2.7 193 | 7.0
o ose et 30. 37 26.6 105.0 11 .8 - - . .
2N 0-5 o 29.8 - [ 26.6 101.5 137 k.0 100] 8.6 J9s5 | 7.8
Gl.Bephr.| 5-10 L) 29.8 - [%) 28.1 99.6 ks o 10.1 | 5.5 - 8.2
(healed)
C8¢ (] 0 u7.5 - 39 28.9 86.7 137 4.3 8.8 | b1 - 6.6
33r 0-5 3 b8.7 - 38 29.4 90.8 k2 6.1 8.8 |50 |93 | 6.3
eV dis.
* End of H cycle resin # Drawn on seventh day ** End of NH, cycle
TABLE X
Intake data and urine and stool output in subjects receiving the cation exchanger in the Na cycle
bj.| Time | Therapy Intake Urine Stool
Fluia| cC1 Na | K N Vol. c1 Na [3 ™ | wgt. cL [ bNa K
(days) M"') (1.) {(meq.) [(meq.){meq.) (gm.) (1.) |(meq.){(meq.)}(meq.)| (gm.) (:- ) |(meq.)|{(meq.)|(meq.) (l: )
EB| 0-3 0 9.52| 268 | 225 | 320 46.7| 5.80|.312 | 330 | 212 | 35.4 ]
3-6 ) 9.54| 268 | 225 J86.7| k.35 15T | 267 224 | 36.1 r 816 1| 19| 103 6.6
AN R P e e I R
S . . . 30 .1
10-13 | %o 9.52| 279 | 618 | 333]| 88.6| s5.55| 260 | - | - 337i - 1|46 | 236 | b9
| o3 o |w0.56| 268 | 225 | 320| 46.7| S.60 | 303 | 213 | 261 | 3k.6]
3-6 (] 10.05 | 279 234 | 333| 48.6 3.76 | 123 TT| 18 |27.9F T ] 7 103 | 9.6
67 [} 3.23f & 75 ] 107| 15.6| 1.50| Th sk | 83 | 11.0
7-10| b 9.83] 272 | 672 | 325 | W7.h | 2.99 | 8% | 3uh | 1k [27.07 . v {1 | 2.9
10-13 ko 9. 72 276 | 674 | 327 | 47.7 ] k.62 | - - - 132.0 :
vB | 0-8 ko p2.45| 205 (1201 | 716 |123.5 | 16.70 | 233 | &1 | 180 .2 | 2021 12 1605 | W46 h6.2
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TABLE XI
Intake data and urine and stool output in subjects receiving cation exchanger in the K cycle

3.] Time | Therapy Intake Urine Stool
Nuie| @ [ X | » Vol. c1 Ra 3 TN | wgt. | C1 | Na 3 [
(aays)| (g./a. (1.) | (meq.) |(meq.)fmeq.)| (gn.) (1.) |(weq.)|(meq.)|(meq.)| (gm.)] (gm ) J(meq.)|(meq.)|(meq.)| (gm )
| o-d 60 13.7d 353 | 297 |aas | 95.1] 2270 | mo| n8fae | - L
vl & 6.;3 183 | 3% 1675 | bo2| 525 | zoh | 236 | 157 | k5. 1288 | 212 | 5 | S 12,7
9 Pull [aied. | atet 1.72 73| 563 | 7 .
912 60 " " - 8.50 11 |1020 | 850 - L %5 3 44 299 8.7
o3 LTs] Pull Faw:. | dtet boou } 5121 36 3ok | 36.4] Jus b Ja6s | 189 | 6.7
cst| o6 L7} Pull [afet 8.00 | 873 | 980 | 864 | s2.8] u6o 1 J105 | 260 | 3.6
612 9 . 6.0 | 705 | 752 J26u | b1.6] 386 | 3 | 28 {108 | k.6
w | 05 0 12,75 221 13 |538 | 98.6] 6.25 | 20% | 67 |106 | 57.7] 78R s | 31 |28 | 7.2
$=10 L%} 12.52] 227 b f552 1101.2) S.75 | 227 | 71 Jsok | k6.31 799 6 110 1133 | 8.1
0-5 32 1.26) 225 1189 877 | 39.2] 2.45 <) 11515 | 33.0] 1047 L |25 fue | 6.
TABLE XII

External, extracellular, and cell balances in subjects receiving the cation exchanger in the Na cycle

Subject | Time Therapy Ext. Bal. Extracell. Bal. Cell Bal.
c1 Na X [ H,0 [ 3 [ Na o X e
(Days) (g./d.) (meq.) | (meg.) | (meq.) | (gm.) (1.) (meq.) | (meq.) | (gm.) (meq.) | (meq.) )
] 0-3 0 - 51 -17 + 68 |48.3] ~0.5 +18 .1 ¢ 7.3 -135 + 63 | 406
3-6 [ 4104 + 46 +52 |+ 7.6] +0.8 + 69 *10 +79| -23 e k2 |23
67 o + 21 ¢+ 20 +11 |e1l0 -0.3 - 58 -12 - 0.7 + 78 ¢ 23 | 425
7-10 ko +110 12 + 88 |e13.2| a1b 4153 .7 k9| - M + 81 |4hS
10-13 ko $ 12 - = 1t3.2 (1] 4 59 (%) 4 3.2 - - -
N 0-3 [¢] - ko - 3 415 |4 7.6] -0.5 41k +5 462 -17 410 |-5
3-6 [ 4151 4142 4105 |416.2| 1.2 +123 +3 4017.3| +19 " j«a
6-7 (] + 12 +1h 4 9 |e29] 0.1 +15 02 422 -1 - 3]1-8
I-10 ko +183 [x} L] $185 1418.6] 41.6 $23 | -5 $19.3 | ¢ 80 4180 ] ook
VB o-8 Lo $ 48 $182 | 489 [+0.8] 40.7 $134 +9 42.0] ¢h8 4 80 175
* Corrected for balance of NPN . . .
** Represents transfers of K in excess of the anabolism and catabolism of protein
TABLE XIII
External, extracellular, and cell balances in subjects recetving cation exchanger in the K cycle
Sudbject Time Therapy BExt. Bal. Extracell. Bal. Cell Bal.
1 Na X N H,0 Na [J [ X |xwe
(aays) (s./8.) (-21.) (meq.) | (meqs) |(em) | (¥ | (meq.) | (meq.) | (gm.) | (meq.) | (meq.) .
- - 28 T8 - -1.2 -270 -1 - 202 e | -
i &2 g - 2 -8 =05] -0.1 [+] =1 40,11 - 87 4337 1 #3317
w 0-5 ] 410 -8 4108 | 4330 $0.3 ¢ 20 ¢ 432.0 =109 182 | ¢ 66
—2=10 L] = =T = L.ﬁgg.ﬁ.._ﬂ_-l | ¢ £0 23 1 #8671 139 | - 68 |-X
| e | os | 2 e lue | -w]-os| wg [ - 0. _IL_Ai

* Value has been corrected for external balance of NPN
** Represents transfers of K in excess of protein metabolism

bohydrate metabolism. In view of the inherent
variations in carbohydrate utilization from day to
day, even in well-regulated diabetic patients, only
this general statement is justified. The possibility
of some influence of the acidosis, such as that de-
scribed in dogs receiving ammonium chloride (4),
cannot therefore be excluded.

Several of the studies were conducted in patients
with edema. WK in Tables I, III, and VI is of
particular interest in this respect because on a
combination of marked sodium restriction and
resin therapy his body weight dropped 5.6 kg. in
nine days. The stool sodium excretion during this
interval totaled 88 meq. It is obvious that this de-
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TABLE XIV

Intake data and urine and stool output in subjects receiving the cation exchanger in the Ca cycle
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bj.] Time | Therapy Intake Urine Stool

niua| a Ma | X N |Vol.| cL | Ma | X | td | wPw | Wgt. | C1 [ ma X [
( (g./d.) | (1<) |(meq.) |(meq.)kmeq.) (gm.) | (1.) |(meq.)|(meq.)|imeq.){ (gm.)|(gm.)] (gm ) |(meq.)|(meq.)|(meq.)| (gn.)

v8| o-2 0 bT7| Th b 119 | 21.2] 1.7 W | - - | 1350 -1
28] s lasab| 221 | 13 537 | ge.6]11.2d 262 | 110 226 | 90.5| - J’ ue | u | ®|2w |ug

| o5 [ Pull | dleb.| dlet 8.25| 480 [1258 | k9 | 63.2] -
5-11 %0 - » " 18,95/ 1809 |17h2 | A6 - - 1'1551 6 61 | 153 9.0
11-17 o 15.57| 365 [306 [%36 | 97.7| 9.15 380 | 3mS [3%0 | T2.5| - | MR| S 12| a -
17-23 %0 26, 709 1595 [8k7 | 123.6]11.50 k30 | 309 |22 | 97.3] - | éu7| 6 8] 9 | 5.5
cst| 0-6 0 Pull |dtet T.40| 936 | 907 335 | 85.1f - | 291 2 | 105| 83 | 2.0
612 ko - - 6.50 778 | 681 [286 | 38.2f - | u63| 3 M| 81 | b.b
pY | 0-6 50 "Salt-|free"]dlet 12.50| 421 | 13 |249 | 59.5| 53.5| 1229| 11 | 108 | Su | 6.8
6-11 60 " . " 10.k0| 219 | 201 |251 | 55.6| Lk.8] 1003 | 1k s8 | & 8.8
11-1€ 60 " " " 11,00 0 |117 [208 | ok.8| 47.6] 961 ] 7 46 | ot 9.0
B | o5 o ("Balt-|free diet b.60| & | 20°'|16 |28.2]26.9] 1089 12 s6 | 121 | 7.7
5-10 7] " " . L,00| 715 84 R | 32.4] 30.5 - 8 55 96 Sk
10-26 | 13 . " - 4.80{ 180 | 115 | 93 [h0.3]35.5] 1880 ] & - 1183 jn.s

TABLE XV

Body weight and analyses of blood and serum in subjects receiving the cation exchanger in the Ca cycle

Subject Time Therapy Body wgt. Blood Serum
Sug. NPN HCO. Cl N K Ca P H,0 [Protein
(Age-Sex) | (Days) (g./a.) 1kg.) mua?ﬂ-r) (mgn%)|(meq./1.)] (meq./1.) Ineq.a/l.) (meq./1.)| (mgw%) | (mews) kg./2.) (g.%)
VB [} [} 3.1 91| 29 25.7 101.5 - - 4.6 | 926 | 8.0
11 M 0-2 (] 36.9 102 | 38 24,7 102.0 145 4,2 - 5.4 | 920 | 8.9
Rh.Fev. 2-8 4o 36.6 151 35 24.0 100.0 139 3.5 4.9 | 923 | 8.0
JF o] 3 68.5 | 39 28.3 101.2 146 5.1 |10.1 4.0 | %7 -
29 M 0-5 [ 69.5 98 41 26.9 98.6 L5 5.3 9.9 3.0 | 925 7.3
Diadb. 5-11 1%} 67.6 168 37 28.9 96.7 149 4.8 - - 928 | 7.0
11-17 0 61.6 37| 3 29.3 96.8 140 3.4 | 10.9 3.9 | %6 | 6.8
1{-23 40 €1.6 - 31 27.8 93.6 134 3.3 | 9.9 =198 | 7.2
Cst one .- - - R | . 26.3 104.9 143 5.0 9.3 3.2 |93 | 6.8
Sk M 0-6 [} - 105 | 30 27.2 102.0 143 L.S 9.2 2.7 931 | 6.9
Arthr.] 612 ) - Tl 28 21.2 100.3 144 3.9 9.2 3.8 1931 | 6.5
DY o . - 89 | 5 17.3 108.0 135 3.9 7.8 4.5 | 921 | 8.3
2 M 0-6 S0 28.4 - 39 21.5 104.6 136 Lo 8.2 ks | 925 | u.3
Nephro 611 60 29.6 - 38 21.3 104,1 143 b1 8.4 k.8 1933 | 3.8
1n-16 60 30. - 38 23.1 101.7 11 3.9 1.6 4.6 199 | 3.8
B o L] 21.0 - 28 2b.1 102.3 139 3.8 8.6 5.3 - 3.9
M 0=5 L %) - - 36 2.6 99.8 135 (99} 7.5 5.7 | %8 3.7
phrod  s.19 ') - - 3R 20.9 103.7 138 hob - - |93 | %o
10-16 33 - 81l 3 20.7 102.7 134 k.0 - 2:0 ] 935 3.9
* End of H and K resin period ** End of NH, and K resin period
TABLE XVI
External, extracellular, and cell balances in subjects receiving the cation exchanger in the Ca cycle
Subject Time Therapy Ext. Bal. Extracell. Bal. Cell Bal.
c1 Ha X N H,0 Na X » Na K |Kee
(Days) (g./d.) (meq.) | (meq.) | (meq.) | (gm ) (1.) (meq.) | (meq.) | (gm.) (meq.) | (meq.) |(meq.))
VB 0-2 | [¢] * 20 - - ¢ LS - - - - - - -
2-8 ko -3 =12k #1331 - 7.0l -0.1 - 69 -6 1-6.3 =55 4139 le15%
Jr 11-17 [} - 22 - 55 -15] - -0.2 -150 -21 - +95 + 6] -
17-23 L) $271 2274 2327 | ¢20.5] _¢3.0 2327 $ 7 16.3 4181 4320 |4276

* Value has been corrected for external balance of NPN
** Represents transfers of K in excess of protein metabolism
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crease in endogenous sodium as a result of stool
losses could not by itself account for the extensive
decrease of edema. The bulk of the sodium was
lost in urine. It seems probable that the additive
effect of the acidosis should be listed among other
factors contributory to this diuresis.

On the other hand in patient CSc in the same
tables much larger amounts of sodium were ex-
creted in stools during the administration of the
exchanger together with a milk diet unrestricted
as to sodium. It is reasonable to suggest that with-
out resin to interfere with the absorption of the
ingested sodium this patient would not have lost
edema fluid. Patient GDe demonstrates the degree
to which the efficacy of the resin in augmenting
stool sodium can vary not only from patient to pa-
tient, but also in the same subject. In the 10 to
15 day period he lost much less sodium per day in
stool than in the somewhat longer 19 to 25 day
interval. In this patient it is again worth pointing
out that his initial huge diuresis with a body weight
loss of 9.9 kg. cannot be attributed to stool losses
of sodium, but that the marked acidosis which ap-
peared during resin therapy may have hastened the
delivery of the edema fluid.

Finally it should be pointed out that these ex-
changers have been administered to patients with
renal failure. These can be most readily identified
by the elevated blood nonprotein nitrogen values
in the various tables of serum and blood data.
The fact that in this series no complications de-
veloped such as clinical acidosis or potassium in-
toxication does not mean that these exchangers
can be used with impunity in all forms of renal dis-
ease. The risks and benefits have been described
in greater detail in another paper in this series
(5). Insofar as the current studies are concerned
it should be emphasized that they were of limited
duration and interrupted short of undesirable or
dangerous changes when certain trends had become
well established, as with the acidosis in GDe, Table
I. Incidentally, the ammonium released from the
ammonium form of the resin apparently does not
raise whole blood nonprotein nitrogen, but it may
have, in some patients, as in WG, Table IV, raised
the output of nitrogen in urine.

DISCUSSION

The data which have been presented indicate that
the hydrogen and the ammonium forms of the
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resin produce effects which are indistinguishable,
including essentially equal tendencies to induce
acidosis and to increase the excretion of sodium
and potassium in the stool. Furthermore, neither
influences the output of nitrogen and chloride via
this route. Although the efficiency of these resins
is relatively low in vivo, it is clear that they may
be useful in reducing the absorption of sodium
from the diet so that a patient requiring low sodium
therapy could ingest food seasoned with more of
this cation. That he could not ingest much larger
amounts of salt should be clear from the data in-
dicating that each gram of the hydrogen or am-
monium forms will remove only up to 1 meq. of
sodium.

These studies also support an interpretation
voiced elsewhere (1), .e., that the acidifying resins
produce certain serum effects similar to those
which follow the use of diuretics such as am-
monium chloride, potassium nitrate, et cetera.
This suggests that the diuresis accompanying hy-
drogen or ammonium cycle resin therapy of pa-
tients cannot be augmented by the use of acidifying
diuretics. On the other hand it is reasonable to

. predict that mercurial diuretics used in conjunc-

tion with these two acidifying resins will exert their
maximal effects without the aid of ammonium
chloride. There is, however, probably an increased
danger of producing potassium depletion under
these circumstances which may be counteracted
by administration of extra potassium.

Certain extrapolations seem: justified with re-
spect to possible clinical application of the sodium
and potassium cycle resin findings. The relatively
high efficiency of the sodium cycle resin in aug-
menting the stool output of potassium suggests its
possible application in renal insufficiency of the
salt-wastage and potassium accumulation type.
This agent under such circumstances should aug-
ment the external losses of potassium and simul-
taneously cancel the negative balances of sodium
which characterize this disorder (6-8).

The effects of the potassium cycle exchanger
suggest that it may be beneficially employed in
combination with the hydrogen or ammonium cycle
congeners. It is obvious that upon exchange with
sodium and hydrogen present in the intestinal tract
the released potassium becomes available for ab-
sorption and is, as the data indicate, in great meas-
ure retained. This effect should serve to cancel
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the deficits of potassium accompanying prolonged
use of the hydrogen or ammonium cycle resins
without adding to their acidifying effects ; although
the same purpose may more efficiently be served
by increasing dietary potassium intake by means
of a salt such as KHCO, or KCl. The clinical
practicality of such combinations has been evalu-
ated elsewhere (9). In addition, the danger of
producing potassium intoxication in patients with
oliguria and renal disease must be recognized
(10-12).

It is possible that certain features of these resins
may be utilized in cancelling some of the side ef-
fects of prolonged cortisone or ACTH therapy
such as alkalosis, sodium retention, and potas-
sium depletion (13-16). For example, combina-
tions of hydrogen and potassium exchangers may
be effective in this regard. Potassium depletion,
however, may be enhanced under these circum-
stances unless the intake of potassium is large
enough to counteract the combined effects of the
resin and ACTH or cortisone on this ion. This
problem has been studied in some detail in a sub-
sequent paper (17).

Finally, the lack of any marked effects upon in-
gestion of the calcium cycle resin is both a disap-
pointment and a reassurance. From the theoretical
point of view the resin in this cycle should be use-
ful in far-advanced renal insufficiency: release of
the calcium ion from the exchanger should a) in-
crease stool losses of sodium and of potassium
which accumulate in kidney failure, and b) pro-
vide calcium to accelerate phosphate losses as in-
soluble salts via the bowel and alternatively re-
place the deficits characteristically present in serum
and extracellular fluid of such patients. Unfortu-
nately, neither of these predictions is substantiated
’ by our data. These studies, however, provide a
highly satisfactory control for a number of the
other reports in this series. The following con-
clusion is inescapable, if such support be needed:
the effects of the ammonium, hydrogen, sodium,
and potassium forms of the carboxylic cation ex-
changer under investigation in this series of studies
are attributable to the attached cation and not to
the resin itself. If the cation with which the resin
is charged is not displaced in sufficient quantity the
resin has no detectable effect.
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SUMMARY

1. The ammonium cycle resin produces effects
quite comparable to those seen with hydrogen cycle
resin ingestion, i.e., hyperchloremia develops, and
serum carbon dioxide content falls while the stool
sodium and potassium excretion rises.

2. The stool changes seen with either the am-
monium or the hydrogen cycle resins are also ob-
served in subjects receiving the exchanger in either
the potassium or sodium cycle. In the use of the
latter the efficiency in removing potassium is less.
Neither consistently affects the serum constituents
but occasionally hyperkaliemia appears during po-
tassium resin therapy. With the sodium form of
the resin, sodium balances become positive with
extracellular retention of this cation. With po-
tassium resin, the intracellular stores of potas-
sium may rise during therapy.

3. In a series of studies on one patient concomi-
tant administration of cortisone did not interfere
with the ability of the ammonium resin to raise
stool sodium and potassium but hypokaliemia ap-
peared.

4. The calcium cycle of the carboxylic cation ex-
changer in the form used was relatively inert and
produced much smaller changes in stool sodium and
potassium. These findings, however, do add sup-
port to the view that the cycle of the resin and not
the resin per se is the determinative factor in the
observed results.
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