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Reports describing trials of exchange resins in
removing cations from the gastrointestinal tract
of experimental animals have been limited to tox-
icity studies and to measurements of the relative
magnitudes of the oral intake and the stool output
(1-3). In the experiments presented in this paper
changes in serum, urine, and stool components, as
well as the external and internal balances of certain
electrolytes and of nitrogen have been determined
in dogs receiving a carboxylic cation exchange
resin in one of two forms. The chemical and physi-
cal characteristics of these agents have been de-
scribed in detail in the introductory paper (4).

MATERIALS AND METHODS

Mongrel female dogs, maintained on a commercial feed
("Friskies") 1 and allowed free access to water, received
a carboxylic cation exchange resin in the hydrogen or
the sodium form for periods of seven to 11 days. In some
instances beef extract or milk and sugar were used to en-
hance palatability, but many animals nonetheless lost
weight partly or entirely as a consequence of anorexia in-
duced by the regimens employed. Since this occurred to
an equal degree when control and recovery periods of
comparable length were alternated with resin periods it
represented a common denominator in our experiments.
The beginning and the end in each interval of the study
were marked by catheterization of the urinary bladder,
measurement of body weight and withdrawal of venous
blood for analysis of blood nonprotein nitrogen (NPN)
and sugar, and of serum carbon dioxide content, chloride,
sodium, potassium, calcium, phosphorus and water, using
previously described methods (5-7). The pH of anaerobic
samples of serum was determined by means of the glass
electrode. Food and resin intake, stool and urine output
as well as any vomitus or rejected food were collected,
measured, and analyzed separately for nitrogen, sodium,
potassium and chloride content (8-10). Stools were re-
moved from the cage and weighed immrediately. Proce-
dures for partitioning the external balances into extra-
cellular and cellular components have been described only
in part in previous publications (11-17) and are there-
fore appended in detailed form.

1 Content per 100 g.: Na, 17.6 meq.; K, 10.2 meq.; Cl,
162 meq.; and N, 3.42 g.

With but minor exceptions all findings have been sub-
jected to conventional statistical analyses (18). In the
case of the body weight and the serum constituents val-
ues observed at the end of each control, experimental,
or recovery interval were subtracted from those present
at the start of the particular period under scrutiny and
expressed as increments or decrements (±t A). After the
means of these changes had been calculated (values
greater than 2 S. D. were discarded) the resin and post
resin values were compared with those of the control pe-
riods. Changes were considered significantly different
statistically when "p" for the "t" test was 0.05 or less.
Urinary and stool output and the balance data were ana-
lyzed in terms of per diem values. The constituents of
the stools have in addition been expressed in relation to
stool mass as well as in terms of stool nitrogen. The data
are presented in three tables; the statistical evaluation
has been summarized in Table IV and in Figures 1
through 3.

RESULTS

I. Experiments zwith the carboxylic cation ex-
changer in the hydrogen cycle

A. Serum constituents: Table I and Figure 1
reveal that the administration of the hydrogen cycle
resin produced a decrease in the serum sodium,
carbon dioxide content or bicarbonate, and water
concentrations, while the levels of chloride in-
creased. The decrement of water was too small in
magnitude, however, to account for the change in
chloride. In some instances the change in carbon
dioxide was accompanied by a fall in pH. All of
these alterations disappeared following withdrawal
of the resin. The mean decrease in serum potas-
sium during resin therapy and the subsequent
changes during recovery were not significant.

B. Losses in stool: Ingestion of the cation ex-
changer in the hydrogen cycle was accompanied
by increases in the excretion of sodium and potas-
sium in feces without alteration in the losses of
chloride and nitrogen (Table II and Figure 2).
These observations, together with the failure to
demonstrate any statistically significant increase in
stool weight during resin ingestion even though
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CARBOXYLIC CATION EXCHANGERESIN EFFECTS IN DOGS

TABLE I

Body weight and analyses of blood and serum in dogs receiving an exchange resin in the Hor the Na cycle

Subject T Ime Therapy Body Wgt. Blood Serum

(Age-Sex) (dy)a(.d)' (kg.) Suga r' (Po NCO. Cl ma K Cm ? N4, Pretelm
_______________ _______(own mmi mq/l)(e.)( (me./l) (meq./l.) (mgm%) (m)W ./i. (gj)

236A 0 0 0 8.20 80 .1 - 113.2 11.0 .9 . 6.9 935 5.95
0-1 0 0 - - '.5 21.'. 108.0 156 4.6 1.9 7.0 936
1-7 0 0 8.55 72 41 21.8 111.9 157 '.9 11.1 8.8 943

7-1'. 0 0 8.70 70 37 22.2 1o8.1. ' 5.8 ' 7.1 941
14-21 34 o 9.23 77 42 14.0 121.3 154 1.8 8.8 7.6 97

236AI 0 0 0 9.30 70 38 23.8 106.5 158 5.6 - 6.1 901
o-6 0 0 10.10 - 36 19.1 111.0 156 1.1 10.3 6.6 938

6-13 .0 0 9.60 - 29 16.0 117.5 160 5.6 - 6.8 -

13-20 0 0 9.68 61 32 20.9 114.7 160 1.5 9.0 6.2 936
20-27 1.0 10.38 74 3 21.1 108.8 157 4.5 9.4 7.2 93 -

2413 0 0 0 9.48 85 32 21.6 108.8 115 5.2 - 5.2 920 7.03
0-1 0 0 - - - 22.2 103.3 158 1.6 11.9 3.8 925
1-7 0 0 9.68 81 29 21.5 109.' 156 4.7 10.5 5.6 923

7-14 .0 0 7-95 86 79 11.0 93.2 - 1-3 - 3.9 889
11-21 0 0 9.18 88 31 23.4 111.3 - .7 8.6 1.6 917

243s 0 0 0 9.60 64 32 20.4 109.2 156 5.8 . 1.5 931
o-6 0 0 10.00 - 32 16.7 107.0 - .2 11.0 1.8 915

6-13 34 0 9.1.8 - 25 11.8 113.7 '.5 - 3.8 -

13-20 0 o 10.18 66 33 22.9 111.3 156 4.8 - 1.9 925
20-27 0 40 10.62 72 30 24.5 108.3 156 5.7 11. 5.2 929

246C 0 0 0 6.oo 94 35 17.0 116.8 154 4.7 - 4.2 933 6.74
0-1 0 0 - 66 34 20.8 113.5 164 3.9 11.2 4.. 936
1-7 0 0 6.00 79 28 21.2 112.4 159 1.6 11.4 3.7

7-1'. 0 0 5.60 68 29 22.7 113.2 - 5.'. - '..6 931.
_141-21 0 0 563 76 35 2197 114 5 152 .9 12.2 4.. 919

247D 0 0 0 8.82 73 32 20.0 112.' 143 4.9 - 5.1 943 1.35
0-1 0 0 - 61 29 22.4 108.7 157 4.6 10.3 5.0
1-7 0 0 8.98 68 31 23.4 113.5 156 '.8 lo.1 '.8 -

7-1' '0 0 9-15 65 33 17.4 118.o - 4.7 - '.4 945
11-21 0 0 9-53 67 30 22.9 112.6 156 1..9 9.8 1.o 932

24TD1 0 0 0 9.15 - 29 21.8 113.0 145 ..3 _ 4.3 917
o-6 0 0 9.20 - 30 22.3 110.5 161 '..7 9.7 '..2 936

6-13 .0 0 9.30 - 29 - 119.2 157 - 10.9 3.7 912
13-20 0 0 9.38 61 32 23.7 =11.8 159 4'7 9.5 3.8 936
20 27 0 40 10.00 72 31 25.0 107.2 156 S.O 8.3 1.0 920

188z 0 0 0 17.55 - 46 21.7 113.3 142 5.1 - 5.0 951
0-5 0 0 17.58 - 34 20.1 111.6 161 4.8 10.1 '.8 937

5-12 .0 0 17.73 - 27 20.2 113.0 156 1.5 11.6 1.o 912
12-19 0 0 18.03 75 32 20.7 112.6 156 5.0 11.6 3.7 938
19-26 o 'o 18.28 79 34 22.4 11o.8 160 '..6 11.1 '.8 920

190 0 0 0 10.66 - 32 22.4 113.6 152 4-3 10.3 1.7 937
0-10 0 0 10.33 - 27 22.9 111.4 155 4.6 10.2 2.2 933
o-1L 0 0 954 26 18.' 111.0 148 3.9 __ _ 937

246 0 0 0 6.10 . 33 19.5 113.8 149 4-7 11.2 2.3 930
0-10 0 0 5.84 - 30 19.5 117.3 162 4.7 11.1 2.6 -

10-15 0 0 5.41 - 3* 22.1 102.2 133 4.o - - 9-2
75515 0 0 0 19.02 - 32 19.9 111.4 156 1..2 1.0 1.5 931

0-10 0 0 18.74 - 27 20.9 110.6 160 1.3 10.8 1.8 923
10-15 0 0 18.12 - 27 18.4 104.7 138 3. * _ 935

92516 0 0 0 15.24 - 25 22.9 110.3 150 1.1 10.7 1.7 932
0-10 0 0 15.01 - 31 22.5 108.9 146 4.5 10.5 2.2 927

1o-18 60 0 14.29 - 3 13.8 115.6 1.3 1.2 - _ _

32 00 0 11.85 - 31. 20.6 110.5 11.5 14.7 _ 921.
0-11 '1 0 11.25 - 25 19.4 115.6 119 4.3 9.5 2.5 936

11-20 0 0 11.02 - 31 21.4 114.4 11. 1..8 . _ 928
20-30 0 30 10.73 26 22.3 101.1 154 1.5 10.0 2.7 932
30-41 0 0 10.32 - 27 22.6 109.'. 148 1.4 10.3 3.' 932
41-18 0 0 10.2' . 29J9.2 112.. 148 1.8 11.6 -

391 00 0 9.93 - 29 20.1 112.3 150 1.. - 934
o-1 33 0 8.20 - 31 9.7 117.' 11.8 3.9 9.2 5.4 951

11-20 0 0 8.53 ' 31 20.3 111..6 153 '.8 - 9'
20-30 0 30 8.26 28 23.0 112.9 152 '..2 9.7 2.4 91.1
30-11 0 0 7.88 - 32 20.6 113.5 113 14.6 9.8 3.0 910
1.1-18 o 0 7.66 30 20.1 113.'. 153 1.3 9.9 2.6 42

40 0 0 0 9.65 25 21.6 105.7 11.0 .3 - _ 942
0-11 35 0 8.50 29 17.0 117.5 152 1..1 10.2 . 933

1-20 0 o 8.25 28 23.'4 97.0 141 5.1 - 91.6
2030 0 30 8.09 28 22.7 112.1 155 4.. 11.0 1.4 911
30-1.1 0 0 7.80 30 20.3 112.9 143 413 11.5 - .'1-48 0 0 7.62 0 25.3 10o6 i2S .l9. 112 6.o.
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the mean values did increase, indicate that the
changes described above were not related to in-
creased stool mass. Following withdrawal of the
resin, the excretion of sodium and potassium re-

turned to levels characteristic of the control periods.
C. Losses in urine: The average daily urine vol-

umes rose during hydrogen cycle resin treatment
without loss of body weight (Table II), pointing
to increased exchanges of water. From the data
available it is not possible to decide whether this
change in urine volume was a manifestation or a

cause of a greater intake of water. Concomitantly

A HCo3

.5

CONTROL 0

+5

H RESIN

POSTRESIN

Na RESIN

-5

A ci

zero

it was noted that the mean levels of sodium and of
potassium in urine decreased on resin therapy, to-
gether with a diminution in the total daily excre-

tion of these electrolytes (Figure 2). The first
of these changes can be ascribed, at least in part,
to the increased urine volumes, but the second sug-

gests a diminished excretion of sodium and potas-
sium in urine reciprocal to the increased losses of
these electrolytes in stools described earlier. This
possibility is supported by the observation that
the resin did not alter the output of chloride and ni-
trogen in stools and that the urinary chloride and

A Na

meq/_
AK

zero

FIG. 1. ALTERATIONS IN SERUMCONSTITUENTS
Mean changes in serum constituents between the onset and the end of the indicated experi-

mental periods are depicted in terms of milli-equivalents per liter. Asterisks identify statisti-
cally significant differences ("p" values of 0.05 or less) upon comparison with the changes in
the control periods. The statistical summary (Table IV) contains the actual values employed
in setting up Figures 1, 2, and 3 of this paper. During H resin ingestion the serum bicarbonate
decreased with a subsequent return to control levels during the post resin period. Similarly, the
hyperchloremia present at the end of H resin therapy disappeared in the recovery interval. Rela-
tive hyponatremia which appeared in the H resin period persisted into the post resin interval.
The sodium form of the exchanger lowered serum chloride. Serum potassium remained rela-
tively constant throughout all studies. Though not presented above, the same was true of se-

rum calcium, phosphorus and protein while the mean serum water increased by 0.006 g./l.

+5

:K. U
-sl

- 0

o
_ _~~~~~~~~~
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TABLE II

Intake data and urine and stool output in dogs receiving an exchange resin in the Hor the Na cycle

Jub. Tim Therapy Intake Urlne Stool

a US Fluid CI Na K N Vol. Cl la K TN Wgt. C1 Na K
(das) (g./d) (1.) (sq.) §(5q.) seq. (go.) (.1) (seq.) (seq) (seq.) (gi.) ( ) (seq.) (seq.) (sq.) (gm.)

236A 0-7 0 0 ulIb 316 313 199 66.7 0.90 293 317 163 41.5 1335 45 80 35 23.2
7-14 0 0 389 423 25 82.1 0.98 351 372 211 46.6 1760 43 89 41 27.7

14-21 31 0 716 18 585 90.9 2.94 69 315 575 54.. 2415 12 275 71 15.3
o-6 o 0 292 317 184 61.6 o.86 279 78 109 41.1 116 32 115 34 21..8

6-13 .0 0 393 1.37 282 82.3 1.91 287 193 197 41.9 2317 12 246 73 31..2
13-20 0 0 310 370 211 71.8 0.89 316 294 186 45.6 1512 51 115 1.1 30.7

120-7 1. 0 __ 14.9 I 28 82.3 1.89 38 942 222 ".5 2165 33 193 I78 35.

1.3B 0-70 0 lfb 310 337 195 65.5 1.06 254 210 181 46.7 2063 72 200 10 21.3
7-11 40 0 163 95 18 17.4 2.38 98 16 38 34.o 897 10 158 102 9.9

11.-21 0 0 316 31.3 199 66.7 4..68 200 168 111 14 .18 1351 13 76 39 12.0
o-6 O 0 292 317 181 61.6 1.57 254 211 156 39.2 1378 34 145 .28 8.3

6-13 34 0 207 234 160 1.3.0 3.82 195 57 132 35.9 1085 15 216 106 15.6
320 0 0 31.0 370 211. 71.8 1.92 310 270 155 50.3 1397 37 11.2 30 21.6
207 40 241 1288 ,187 I 9.8 2.05 215 656 119 -35.3 1221 22 553 hh 14.8

0-7 0O d lib 1l 121 70 23.4 0.32 70 65 47 12.6 610 25 56 13 8.8
7-14 0 0 323 132 278 25.7 0.1 237 81 193 l1i.3 527 33 50 17 8.o
1.21 0 0 170 18S 107 35.9 0.1.0 116 91 92 19.3 I 53 40 92 20 13.0

TB 0-7 0 0 d lib 316 3143 199 66.7 0.93 296 215 180 36.1. 1660 39 .81 38 27.8
7-11 .0 0 315 421 234 76.1 1.30 283 31 ilk 18.o 2314 50 437 155 37.1
1.21 0 0 557 377 18 77.0 1.50 513 220 .20 1.3.2 2018 1.9 177 54 32.9

o-6 o 0 292 317 18 61.6 0.88 251 266 161 39.1 1603 20 101 26 -

6-13 D 0 385 1430 272 80.6 1.21 335 99 230 36.7 21.1 22 363 89 33.0
3-20 0 0 340 370 211. 7.8 0.85 320 258 180 48.3 1721 32 113 31 26.0
27o 1.0 394 145 282 82.0 1.68 311 qo7 234 45.9 2235 32 5 67 1U.A

38E 0-5 0 0 a lib- 292 317 181.61.6 1.52 22 281 185 .2.5 1031 2i. 87 22 20.3
5-12 0 0 385 130 272 8o.6 2.80 347 196 212 52.1 18 19 320 61 3M.2

1-190 0 310 370 211 71.8 1.32 258 211 161 39.3 1116 36 126 3o 25.1
_ g-26 0 10 391 1.154 282 82.0 2.39 325 818 257 16.8 1723 57 607 65 32.1

90 0-10 0 0 d llb 162 176 102 31.2 1.50 190 215 181 17.3 1.27 6 38 8 8.9
_ 15 0 0 0 0 0 0 0.69 50 19 31 i1..6 103 3 51 12 1.0

26|0-100 o oL 162 7T6 102 31.2 0.59 |123 118 106 27.8 776 32 95 3012.3
10-15 0 0 0 0 0 0 0.77 48 23 28 12.2 120 6 49 31 2.1.

T5511 0-10 0 0 da lib 162 176 102 31.2 1.51 179 18 159 1.2.1 3 17 23 1 7.3
10-15 0 3211 2 1.1 2.710w15 O O 4 5 1 2.7 2.00 67 15 31 16.0 292 8 % 44_ 2. 7

m1 0-10 0 0 11b 173 251 16 .113.2 2.26 118 187 190 89.9 837 11 57 22 10.3
10-18 60 0 111 I 112 85.7 2.71 91 21 76 65.6 111 1 23 119 17
0-111 1 0 l1b 301 355 115 36.0 2.36 261 101 88 41.1 691 10 2C107 3.6

11-200 0 1.12 501 11.3 11.9 3.00 108 470 160 39.9 461 12 62 18
30 0 30 158 16I7 159 46.5 2.58 355 882 15 38.1 1238 6 527 57 15.0

30-1. O 0 501.613 175 51.1 2.91 1 0 540 21 57.9 565 9 62 15 9.601-1.8 321 30 1l 32.51080 3L05 36& 15j 33.8 . 1-0 31 22 6.2
1 0-11 3 0 3.1 115 201 60 25.5 1.99 72 18 61 30. 31. 12 128 65 1.0O1-200 0 1.12 501 113 11.9 1.96 1.2 381 112 36.8 37 29 101 30 11.7

30 0 30 1.58 1667 159 16.5 2.62 460 1077 151 11.3 15 30 61. 67 1.47
0-11 0 0 501 613 175 51.1 2.11 1$6 528 215 1.7.3 731 15 1.9 15 10.11-1.8 o 0 321 390 11 32.5 1.49 289 307 I_- 34.9 378 13 , 27f 8 7 0

414 0-11 5 0 d .1 200 213 95 30.0 2.30 156 62 59 29.7 1 30 163 _ 5.7
11-200 0 1.12 501 143 11.9 1.53 128 671 158 36.5 497 20 81 38 7.0

30 0 30 458 1667 159 16.5 2.91 15 989 159 37.9 162 38 605 61 15.14-1.10 0 5° 613 175 51.1 2.2 135 159 232 12.9 565 17 65 17 7.7
_ 1-48 O 0 .81S39 2220.9 22 8 2 2 . 22

nitrogen merely decreased in concentration but not in vomitus from the respective intake of these con-
in the total amount lost per unit of time. In the stituents in food revealed that during the adminis-
periods following resin the volume and composition tration of the hydrogen cycle resin the losses of
of urine returned to values indistinguishable from potassium from the body were increased without
controls. any statistically significant change in the balances

D. Balance data: Subtraction of the electrolytes of chloride, sodium or nitrogen (Table III and
and nitrogen lost in stools, urine and occasionally Figure 3). The negative values characteristic of
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Cl NA K N electrolyte from cells. Further, corrections for
mneq meq mq 9

the anabolism or catabolism of protein indicate
that these negative balances represent losses of cell
potassium with, as well as in excess of, nitrogen.
The mean change in extracellular sodium was of
insufficient magnitude to result in an increased
negative external balance. They do indicate, how-
ever, that under the aforementioned experimental
conditions, the hydrogen form resin can remove
sodium from the chloride space as well as lower
the serum sodium levels.

FIG. 2. DAILY EXCRETIONS OF ELECTROLYTESAND OF

NITROGEN IN URINE ANDIN STOOLS-PRESENTEDAS MEAN
VALUES

Columns with horizontal waves depict daily urinary ex-

cretion of the constituent. The smaller columns below
the horizontal lines are based on stool data. Black col-
umns refer to per day values, open columns indicate ex-

cretion per 100 g. of stool and the crosshatching identifies
the electrolyte: nitrogen ratio. The small circles indicate
that the change in the mean from the control is statisti-
cally significant.

Ingestion of the H form of the resin increased the stool
excretion of potassium and of sodium above control val-
ues. This was accompanied by decreased urinary output
of these electrolytes. The sodium form of the resin also
raised the stool potassium and sodium. Urinary potas-
sium in these experiments, however, did not decrease be-
low control values; urinary sodium on the other hand
rose markedly. The changes in stool chloride were pres-

ent only irregularly and were of small magnitude, and no

significant alterations occurred in urine chloride. Nitro-
gen excretion was not altered.

the control periods reflect the anorexia and weight
loss cited earlier.

Partitioning of the balances into extracellular
and cellular phases reveals that the observed nega-

tive values for potassium represent losses of this

II. Experiments urith the carboxylic cation ex-
changer in the sodium cycle

A. Serum constituents: In contrast to the hydro-
gen form of the resin, the exchanger charged with
sodium did not produce acidosis, hyperchloremia
nor hyponatremia (Table I and Figure 1). A
mean decrement of - 3.6 meq./l. did occur in the
serum chloride concentration.

B. Losses in stool: The effects of the sodium
cycle resin on stool constituents were qualitatively
similar to those observed during hydrogen resin
therapy (Figure 2). As might be expected from
the greater intake of sodium in using the exchanger
in the sodium cycle, this cation appeared in much
greater amounts in the stool. At the same time
there occurred an approximately two-fold increase
in the amount of potassium excreted each day in
contrast to the three-fold rise observed in the hy-
drogen resin studies. Stool mass, stool chloride
and stool nitrogen did not vary significantly from
the control values.

C. Losses in urine: Ingestion df the carboxylic
cation exchanger in the sodium cycle was associ-
ated with increases in urine volume (Table II) and
decreases in urine potassium and nitrogen con-
centration quite comparable to those recorded in
the hydrogen resin experiments (Figure 2). On
the other hand, in contrast to the results in the first
group of studies, the animals receiving the sodium
cycle resin showed an increase in the daily urinary
sodium output. These reflected of course absorp-
tion and subsequent urinary excretion of sodium
released from the sodium form of the resin. Fi-
nally, it should be pointed out that the doubled out-
put of potassium via the gastrointestinal tract was
not accompanied by a compensatory fall in the uri-

50

ur ine

CONTROL

stool

0

50

urine

H RESIN 0

stool

50

urine

P06T H RESIN 0

stool

50

urine

Na RESIN 0

stool

so
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TABLE III

External, extraceUular, and cell balances in dogs receiving an exchange resin in the Hor the Na cycle

Subject Time Therapy Ext. sa1. Extracell. Dal. Cell Del.
, Ns Ci Na K N 110 1aK P Na K K"

(Dog) (D(ay/sL) (eq.) (q.) (eq.) (i. ) (1.) (seq.) (seq.) (gin.) (mq.) (seq.) ,

236A 0-7 0 0 - 25 - 59 1 41.7 -0.2 -1 -1 + 1.7 - 58 42 -2
7-11. 0 0 - 7 - 11 -7 .7.6 0 -3 +1 + 7.8 - 38 -8 .27
1-21 34 0 t 13 -112 -61 -9.0 0 - 11 -2 :913 -101 -59 435

o-6 0 0 - 21 + 91 +41 -1&.5 0 - 13 _ C? +13 ti5 #55
6-13 40 0 + 62 - 5 +12 46.0 #0.4 *6B 45 *6.4 - 73 4 7 - 8

13-20 0 0 - 29 - 72 -13 - 4.7 -0.2 - 28 -3 _1..9 - " -10 4 2
20-27 0 o + 1.2 tLLi 16 4 0.2 +0.2 t 27 + 0.2 - 16 -17 -17

2431 0-7 0 0 - 19 - 78 -26 -2.8 -0.2 - 6 -2 - 2.6 - 72 -214 -18
7-14# 40 0 - 65 -108 -35 -31.1 -0.1 - 49 -2 -34.1 - 59 -33 *18

14-21 0 0 +101 + 96 +1.9 49.7 40.6 t 90 +3 * 9.7 + 6 416 *23
o-6 0 0 + 2 - 45 0 +13.9 0 + 9 -3 413.9 - 54 * 3 -30

6-1w 34 0 - 18 - 46 -81 -10.0 -0.2 - 10 0 - 9.6 - 6 -81 -58
13-20 0 0 - 9 - 15 +29 -0.3 0 - 5 0 - 0.8 - 1o +29 *31
20-27 0 1o + 2 + 76 - 6 -0.5 40.1 4 10 +2 - 0.3 66 - 8 - 7

2416 0-7 0 0 + 13 - 5 410 1.7 +0.2 + 30 0 1.4 -35 410 + 7
7-11.# 0 0 - 7 - 21 +29 -1.5 -0.1 - 16 41 - 1.5 -5 t28 +32

11.-21 0 0 + 12 - 1 - 5 t 3S.4 40.1 8 0 * 3.2 _ 9 - 5 -1i

247D 0-7 0 0 - 22 - 91 -19 42.2 -0.2 - 8 -1 + 2.2 - 83 -18 -23
7-14 10 0 4 10 - 53 -35 -8.9 0 43 0 - 9.0 - 56 -35 -11

11-21 0 0 - 7 - 23 -26 +0.7 0 4 0 t 0.9 - 27 -26 -28
o-6 0 0 + 16 - 53 - 3 - +0.2 .59 42 - -112 -55

6-13 .0 0 + 26 - 35 -47 *10.7 +0.1 - 1 0 +1o.8 - 31 -47 -73
13-20 0 0 - 11 - 34 0 -2.7 0 + 5 0 -2.9 - 39 0 . 7
20-27 o0 0 + 49 - 40 -19 + 1.6 j0.5 + 76 3 * 1.7 -116 -22 -26

1881 0-5 0 0 + 22 - 56 -23 - 1.6 +0.2 +104 -1 - 0.2 -16o -22 -22
5-12 .0 0 - 13 - 89 -31 - 3.9 -0.1 - 43 -2 -3.1 - 46 -32 -25

12-19 0 0 + 1 0 +23 47.2 +o.1 + 58 +4 + 6.6 - 58 419 + 3
126 o0 10 + 10 4 26 -40 4 2.9 +0.2 39 -1 + 2.7 - 13 -39 -z5

190 0-10 0 0 -36 - 80 -87 -22.2 -0.3 -33 -1 -21.9 - 47 -86 -31.
1015 0 - 73 -43 .45.8 -0.4 -78 3 -15.7 5 -10 - 3

246 0-10 0 0 45 -39 -34 - 6.1 0 4 16 0 - 6.o - 55 -34 -20
20-15 0 0 56 - 74 -62 -14.8 -0.3 - 77 -2 -15.0 t 3 -60 -24

75515 0-10 0 0 - 36 - 38 -61 -15.8 -0.3 - 28 -1 -15.2 - 10 -60 -211.
10-15 0 0 - 66 -74 -16.2 -o.1 -140 -3 -16.2 471 -71-L. .

pe516 0-10 0 0 41.2 * 7 -48 *12.8 0.4 + 45 *3 412.2 -38 -51 -8o
10-18 60 0 o 3 72 -83 1t .2 -0.2 - 37 -2 t 3.8 -81 -0

38t o0-fl 1.1 0 + 28 + 22 -50 -8.9 +0.1 + 26 -1 - 8.2 1 -19 -29
11-20 0 0 - 10 - 34 -35 - -0.1 - 28 +1 - 6 -36 -
20-30 0 30 + 95 *255 -43 -7.1 41.2 +211 +1 - 6.7 + 41 -47 -31
30-1.1 0 0 + 13 + 8 -84 -16.6 -0.2 - 48 -1 -16.7 + 56 -83 -43
1i1-48 0 0 + - 8 -65 - 7.7 -0.1 - 8 +1 - 7.8 0 -66 -48

391 0-li 33 0 t 29 +55 -66 -9.1 +0.2 + 17 -1 - 9.2 + 38 -65 -1.3
11-20 0 0 - 31 *10 -29 -9.8 -0.2 - 20 41 - 9.8 + 30 -30 - 7
20-30 0 30 -31 - 87 -62 -9.1. -0.2 - 39 -2 - 9.2 - 48 -60 -38
30-11 0 0 + 31 + 33 -55 -6.5 40.2 + 18 +2 - 6.7 + 15 -57 -i1.
1i-M O O t 17 + 53 _ - 9.6 tO.1 + 41 +1 -.S t12 _ -

101 0-311 35 0 t 12 - 15 -60 -5.6 -0.1 4 6 -1 - 5.8 -21 -59 -1.5
1-20 0 0 -38 -257 -53 -1.8 40.1 -15 42 - 1.8 -212 -55 -51
20-30 0 30 + 3 4 70 -61 -7.0 -0.2 - 9 -3 - 7.0 4 79 -61 1
30-1.1 0 0 * 50 + 86 -71. 40.3 40.1. 4 36 42 4 0.2 + 50 -76 -76
1.1-48 o0 0 .. 69. 107 -51 4 1.3 tO.6 4121 2 + 13 - 1. $ -53 -56

*Corrected for balance of NPN
* In excess of anabolism and catabolism of protein

External balances have been corrected for losses in vomitus

nary losses of this electrolyte. This differs of D. Balance data: A significant proportion of the
course from the hydrogen cycle resin studies in sodium -released from the carboxylic cation ex-
which reciprocal relationships could be postulated changer and then absorbed was retained within
following a greater, i.e., a three-fold rise in the the body despite the increases in urinary output
amounts of potassium lost in stools. described above. The data in Table III and Fig-
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ure 3 indicate that this was associated, in contrast
to the findings in the hydrogen resin studies, with
an expansion of the chloride space.

DISCUSSION

Hydrogen resin therapy in dogs lowered serum
sodium levels and raised the concentrations of se-
rum chloride. The latter change is reminiscent of
a similar response induced by acidifying diuretics

TOTAL
Cl Na K

+5

CONTROL 0

-5

H RESIN

N

(19, 20). The hyperchloremia was presumably
initiated by the absorption of hydrogen ions set
free from the resin with subsequent excretion in
urine with anions other than chloride. The de-
crease in serum bicarbonate in these studies as a
group represents, therefore, a metabolic acidosis
and is attributable in a varying degree to a com-
bination of hyperchloremia and a slight fall in fixed
base. The lowered pH values support this view

EXTRACELLULAR

H20 Na K
CELLULAR

Na K N

+5 F

+5

POSTH RESIN 0

-5

Na RESIN : r T

FIG. 3. AVERAGEDAILY BALANCES
The columns represent mean daily total (external), extracellular, and intracellular balances

of chloride, sodium, and potassium in milli-equivalents and of nitrogen in grams during the indi-
cated therapy. To observe the resin effects compare the balances during their administration
to those during the control period. Asterisks denote mean values significantly different statisti-
cally from those characteristic of the control studies. Significant changes during H resin in-
gestion consisted of an approximately three-fold increase in the negative total balance of potas-
sium. This cation was lost from the intracellular space both with and in excess of nitrogen since
the cellular potassium represented has been corrected for the metabolism of protein. Sodium and
water were lost from the extracellular or chloride space in the proportions in which they are
usually present in this compartment. Balances during the post H resin period were similar to
the control interval. The negative balances during both regimens reflect the inadequate dietary
intake of the animals. Comparable diets were eaten, however, during all periods. In the Na
resin studies exogenous sodium was retained in the expanded extracellular space and potassium
increased slightly in this same compartment.
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TABLE IV

Statistical evaluation of resin data

Control periods H resin periods Post H resin periods Na resin periods

Mean No. S. D. Mean No. S. D. Mean No. S. D. Mean No. S. D.

HCOs meq. -0.1 22 2.3 -4.4< 13 3.8 +6.3 > 8 3.9 +1.2 7 1.3
Cl meq. 0.0 22 2.6 +3.7 > 13 7.5 -5.2 < 8 6.5 -3.6< 6 1.8

A Serum Na meq. +8.8 19 6.9 -4.5 < 11 11.7 -3.7 < 6 5.2 +4.3 6 7.1
K meq. 0.0 22 0.7 -0.4 12 0.3 +0.4 8 0.7 -0.2 7 0.6
H20 1. -0.001 17 0.009 +0.006 > 10 0.007 0.000 7 0.015 +0.002 7 0.003

wgt. g./d. 145.5 18 92.3 169.3 14 133.9 167.8 9 84.3 201.4 7 89.3
Cl meq./d. 3.7 17 -2.0 3.4 14 2.4 4.2 9 2.2 4.0 7 2.2
Cl meq./100 g. 3.0 19 1.1 1.9 < 9 0.8 2.7 9 0.9 2.0 < 7 1.0
Cl meq./1.0 g. N 2.3 20 0.96 1.5 < 9 0.8 1.5 < 7 0.3 1.4 < 7 0.8
Na meq./d. 12.4 18 8.7 29.5 > 14 17.7 15.8 9 6.3 71.4> 7 12.4

Stool Na meq./100 g. 8.4 18 2.2 21.7> 11 9.6 10.6> 9 3.1 39.9> 7 12.4
Na meq./l.0 g. N 5.3 15 1.5 15.2 > 10 8.6 5.8 7 0.9 29.8 > 7 12.9
K meq./d. 3.6 18 1.7 11.4> 14 5.9 4.7 9 1.6 7.9> 7 2.1
K meq./100 g. 2.3 14 0.4 9.8 > 11 6.6 2.8 > 8 0.6 4.2 > 7 1.0
K meq./1.0 g. N 1.8 16 0.8 7.0 > 10 5.7 1.5 6 0.3 3.1 > 7 1.1
N g./d. 2.0 17 1.4 2.5 14 2.3 3.0 8 1.4 3.0 7 1.8
N g./100 g. 1.5 20 0.46 1.3 11 0.4 1.6 8 0.40 1.4 7 0.3

vol. ml./d. 157.3 18 74.6 298.5 > 14 141.6 193.5 8 52.6 279.7 > 7 33.2
Cl meq./d. 32.8 18 14.0 24.3 13 15.4 42.4 8 6.4 42.0 7 6.7

Urine Na meq./d. 30.6 18 16.2 5.6 < 11 3.7 37.8 8 8.4 109.9 > 7 17.8
K meq./d. 21.5 15 5.7 14.5 < 13 11.0 20.6 8 4.3 24.1 7 9.5
N g./d. 5.2 18 2.1 4.7 1 3 1.9 5.7 9 1.2 5.2 7 1.4

A Body wgt. Kg./d. -0.004 18 0.033 -0.081 < 14 0.083 +0.025 8 0.043 -0.031 7 0.057

Balances:
External Cl meq./d. -0.6 17 3.0 -2.2 14 7.4 -1.4 8 3.4 +2.4 7 4.3
External Na meq./d. -5.2 17 5.4 -8.4 14 7.9 -1.6 8 7.2 +3.7 > 7 8.7
External K meq./d. -2.3 17 4.5 -8.2 < 14 5.1 -0.5 9 4.4 -4.1 7 2.2 1
External N g./d. -0.29 16 0.96 -0.91 13 1.44 +0.02 8 0.83 -0.18 7 0.49'

Extracell. H20 L./d. 0.00 17 0.02 -0.03 < 14 0.05 +0.01 9 0.03 +0.03 > 7 0.05
Extracell. Na meq./d. +0.3 15 3.2 -4.9 < 13 7.8 +0.5 9 5.7 +4.5 7 9.0
Extracell. K meq./d. -0.1 16 0.3 -0.2 12 0.2 +0.2 8 0.3 +0.3 > 6 0.4

Cell. Na meq./d. -5.4 16 6.5 -4.9 13 7.1 -3.2 8 2.8 -0.9 7 9.0
Cell. K meq./d. -2.8 17 3.9 -7.9< 14 5.0 -0.6 9 4.3 -4.2 7 2.0
Cell. N g./d. -0.30 16 0.93 -0.90 13 1.44 0.00 8 1.07 -0.17 7 0.48
Cell. *K meq./d. -3.0 15 3.6 -5.2 12 3.2 +0.7 8 4.7 -3.8 7 1.6

No.-Number of replicates

S. D.-Standard Deviation sisquared sum of deviations from mean
L-- /U - " -. ------ N -1I

>-Deviation above control mean is statistically significant (p for t-test is <0.05)
<-Deviation below control mean is statistically significant (p for t-test is <0.05)

*K-K exchanges in excess of the anabolism or catabolism of N

as does the failure to observe comparable changes excretion of sodium and potassium was not ac-
following ingestion of the sodium form of the celerated in contrast to the striking augmentation
resin. of their urinary outputs by so-called acidifying

It seems clear that the action of cation exchange diuretics (19, 20). This failure of augmented ex-
resins in the hydrogen cycle is analogous to the ef- cretion of sodium and potassium may be a reflec-
fects of administration of ammonium chloride (19, tion of increased stool output of these ions. Fur-
20), and similar acidifying substances, with respect thermore urinary excretion of potassium and so-
to production of metabolic acidosis and water diu- diumr although reduced by the resin might have
resis. In the case of the resin, however, the renal been even lower if acidosis had not occurred.
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Nevertheless data of the present study constitute
evidence against the hypothesis that the water diu-
resis produced by acidifying substances is neces-
sarily related to augmented renal excretion of so-
dium or potassium.

Despite the unequivocal character of the two-fold
or greater rise in stool sodium during hydrogen
resin therapy, and the statistically significant de-
creases in serum as well as extracellular sodium,
the external balances of this electrolyte were not
altered. This is in great measure and perhaps en-
tirely attributable to the profound reduction in uri-
nary sodium. This adjustment occurring regu-
larly would obviously make it difficult if not impos-
sible to produce salt depletion. It also suggests
that even with the comparatively large doses used
in these studies the resin seldom removes endoge-
nous sodium in amounts sufficient to produce nega-
tive external balances of this cation. It should be
pointed out, however, that in the diets employed
in this study large amounts of sodium were in-
gested. No data are available to indicate whether
or not depletion of endogenous sodium could be
achieved by using the hydrogen form resin during
regimens sharply restricted in sodium.

Similarly, as in the case of the sodium ion, the
daily urinary losses of potassium declined as stool
excretion of this cation rose several fold during
hydrogen resin therapy. It should be emphasized,
however, that in absolute terms more potassium
than sodium was lost in stools during hydrogen
resin ingestion. Since the diets employed and the-
gastrointestinal secretions contained preponder-
antly greater amounts of sodium than of potassium,
it is obvious that the larger losses of potassium
reflect the recognized greater affinity of the car-
boxyl cation exchangers for this element over so-
dium. The large increase in stool potassium dur-
ing resin therapy, together with a proportionately
smaller decrease in the concomitant urinary losses
of potassium, resulted in negative balances of body
potassium. The losses represented decreases in
cell potassium, since extracellular potassium did
not change. The accompanying deficits of cell ni-
trogen were of insufficient magnitude to account
for all of the potassium lost from cells. It is clear,
therefore, that potassium was lost in these experi-
ments both with and in excess of the catabolism of

cell protein. This was not accompanied, presum-
ably because the experimental periods were short,
by any of the usual clinical indices of potassium
depletion.

It has been previously noted in studies from
this and other laboratories that such negative bal-
ances of potassium may be associated with an ap-
parent entry of sodium into the cell (12, 14, 15).
The mean daily change in cell sodium, however,
cannot be established as statistically different from
the control values. It has already been pointed
out earlier that in our studies with the hydrogen
form of the resin cell potassium deficits developed
during a metabolic acidosis, a state which may re-
sult in transfers of sodium out of cells (21-23).
These stimuli toward divergent movements of this
ion may therefore have cancelled one another.

Finally it is evident that although administer-
ing the resin in the sodium cycle does raise stool
potassium without concomitant a-cidosis, these in-
crements are of lesser magnitude than those pro-
duced by the hydrogen resin and are not accom-
panied by decreases in serum potassium concen-
tration, nor in the mean daily urinary potassium
excretion. Potassium balances remain unaffected.
It should be reiterated that use of this particular
form of the exchanger results in considerable ab-
sorption and retention of the released sodium.
This latter development results in positive balances
of the electrolyte and expansion of the volume
of the extracellular fluid as measured by the chlo-
ride space.

SUMMARYAND CONCLUSIONS

1. Administration of a hydrogen cycle carboxy-
lic cation exchange resin to dogs, 30 to 60 g./day
for seven to 11 days, produced a statistically sig-
nificant decrease in serum sodium, a rise in serum
chloride and a metabolic acidosis characterized by
a fall in serum carbon dioxide content and pH.

2. During therapy with this resin, increased
amounts of sodium and of potassium were lost in
stools without alteration in stool chloride or ni-
trogen excretion.

3. With hydrogen resin ingestion urine volumes
rose with a decrease in urinary concentrations of
sodium, potassium, chloride and nitrogen; the
daily output of sodium and of potassium fell si-
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multaneously with the increased losses in stools.
4. Hydrogen cycle resin administration lowered

the total amount of sodium in the chloride space

without producing any statistically detectable
change in the external balances of this cation.

5. Negative external and cell balances of potas-
sium increased significantly during hydrogen resin
therapy. These were related in part to the par-

ticular affinity of the resin for potassium and in
part to a less than completely compensatory de-
crease in the urinary excretion of this element.

6. Administration of the same carboxylic cation
exchanger in the sodium rather than the hydrogen
form resulted in an extracellular retention of some

of the released sodium despite increased losses of
this ion in stools and in urine.

7. During sodium cycle resin therapy a statisti-
cally significant increase in the stool losses of po-

tassium occurred, smaller in magnitude, however,
than that observed with the hydrogen cycle ex-

changer and unaccompanied by any detectable
change in the daily urinary output or in the daily
balance of potassium.

8. In contrast to the hydrogen form of the ex-

changer administration of the sodium charged
resin did not result in an acidosis but did produce
a decrease ratfher than an increase in serum chlo-
ride, possibly as a manifestation of the increased
urinary sodium losses.
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ADDENDUM

The data were calculated in the following manner:

External Balance: b = I 0 where b = external

balance; I = intake; and 0 = total output including
the amounts of the substance in urine, stool, vomitus
and in the serum contained in the blood withdrawn.

II. In order to apportion the external balance between
cells and extracellular fluid, the amount in the extra-
cellular fluid was calculated and then subtracted from
the external balance.

A. Conversion of serum values of electrolytes into con-
centrations in extracellular water employing correc-
tions for Donnan effect and for water content of
serum.

[CIO9 [Cl]ECW
(0.95)[EH20i

[Na]6 X (0.95)
- [NaJEcw

[H20].

[K]. X (0.95) [K]EOW
[H20].

where ] = serum concentration in meq./l.
0.95 = correction for Donnan effect

[H201 = water concentration of serum in Kg./l.

B. Calculation of extracellular water changes were
based on the chloride space, assuming that chloride
was confined to this compartment, and that the
initial extracellular fluid made up 20%of the body
weight in a normally hydrated subject.

[Cl]ECW1 X (ECW)1 + bCl = [Cl]ECw, X (ECW)2

Rearranging:

(ECW)2 -
[Cl]ECwI X (ECW)1 + bCl

([ClJCOWS
where [CI]ECWI = chloride concentration in meq./l.

in extracellular fluid at start of
period

[CI]ECws = chloride concentration in meq./l.
in extracellular fluid at end of
period

(ECW), = assumed extracellular volume at
start obtained by multiplying
body weight in kilograms by 0.20

(ECW)2 = unknown extracellular volume

at end
bCl - external balance of Cl in the

period
C. Changes in extracellular Na and K represent the

difference between final and initial amounts of
these substances in this compartment.

[Najuow2 X (ECW)2 - [Na]Ecwl X (ECW)I
- A Nauow

[KlEcws X (ECW)2 - [K]zCw1 X (ECW)1
- A Kzow

where [ JECWW - concentration in meq./l. in ex-
tracellular fluid

(ECW)1 = initial extracellular fluid
(ECW)2 = final extracellular fluid
A ECW= balance of the substance in ex-

tracellular fluid
D. Cellular balances indicate the difference between

the external and the extracellular balance.

b Na - A Naucw - A Naicw
b K - A KECW= A Kicw

where b = external balance
AOcw = extracellular balance
Aicw = intracellular balance

E. Determination of the intracellular balance of po-
tassium which is in excess of the amount associated
with nitrogen requires correction of this balance
for the amount associated with nitrogen metab-
olism. Since 2.38 meq. of K are associated with
each gram of intracellular nitrogen this is simply
calculated. Nitrogen balances, however, must be
corrected for NPN changes since these obviously
alter the observed external balance. For example
assuming that the NPNis distributed throughout
total body water, and the body water comprises
65% of the body weight the following formulae
are applicable:

(Body wgt.)(0.65) X A NPNX 10 b NPN
1000

b N - b NPN= b'N
where A NPN - change in NPNin mgm. %(with

sign)
b NPN- change in N balance associated

with change in NPN
b N - external balance of N
b'N - balance of N corrected for NPN

change
The importance of this correction is illustrated: if
we have a 60 Kg. subject whose NPNchanges from
40 mgm. %to 30 mgm. %, the correction will be
as large as -3.9 g. of N. If the NPN in this
person went from 30 to 50, then the b NPNwould
equal +7.8 g. N. This will, of course, significantly
alter the external balance of N.
In order to determine the intracellular K balance
which does not represent K' moving with protein
metabolism the following calculations must be
performed:

(b'N) X (2.38) -K

where KN - K associated with protein metabolism
A KiGw - KN = A K'icw

where A K'IOw - change in intracellular K in ex-
cess of the K associated with N
metabolism

The amounts of Na associated with N metabolism
are so small that this correction may be omitted.

WEIGAND, MERMELSTEINpAND PETERS


