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The hypothesis examined in this study is that
iodide reabsorption is chiefly passives occurring in
the same portions of the nephron as the reabsorp-
tion of chloride and other small monovalent anions,
with the ratio of the permeability of the tubule
to iodide to its permeability to chloride a constant.
If this were true, iodide clearance and chloride
clearance would be interrelated in a uniform man-
ner, and it should be possible to predict iodide
clearance from chloride clearance. Furthermore,
the relationship between the two clearances should
be independent of the plasma level of either halide.

To test this hypothesis, observations have been
made of simultaneous iodide and chloride clear-
ances, varied over a wide range in individual ex-
periments. Many different agents, singly and in
combination, were employed to induce variations
in halide clearance and plasma halide levels.

In analyzing the results, it is desirable to use a
simple mathematical model of the relationship be-
tween the two clearances and to ascertain whether
this relationship is altered by the experimental
manipulations. Such a model should have some
theoretical support and should also give a good
fit to the data. For passively reabsorbed solutes, a
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major determinant of clearance is the rate of water
reabsorption, because one of the driving forces for
solute reabsorption is the rise in tubular concentra-
tion produced by water removal. Changes in out-
flow of water are therefore accompanied by like
changes in the outflow of such solutes. In mathe-
matical models of uniform segments, the excreted/
filtered fractions of two such solutes are nearly
constant powers of one another when the rate of
water reabsorption changes (3). This is true
whether water reabsorption is linear or exponen-
tial with length.

Besides variations in water reabsorption, varia-
tions in inflow and changes in the transtubular
electrical potential difference can presumably cause
changes in the clearances of passively reabsorbed
ions. It is not certain whether the power function
relationship would be followed under these circum-
stances. However, the effects of changes in water
reabsorption on clearances are probably more
important.

Therefore the mathematical model used to ana-
lyze the results was simply, excreted/filtered I =
(excreted/filtered Cl-) k, where k is a constant.
By fitting the results to a constant value for k in
each experiment, rather than a constant value in
each dog or a single value for all dogs, it becomes
possible to allow for variation in this quantity from
subject to subject and also from experiment to ex-
periment in a single subject. Only when this was
done could a reasonable fit of the data to this model
be obtained.

Methods
Twenty-nine experiments were performed on 13 fe-

male mongrel dogs anesthetized with sodium pentobarbi-
tal, 30 mg per kg. Before half of the experiments, salt
depletion was induced by one or more of the following
measures: feeding a low sodium diet (Lonalac) for sev-
eral days, giving chlorothiazide (0.5 g) 1 or 2 days be-
forehand, or infusing an isosmotic solution containing
mannitol and sodium sulfate at 1 to 2 ml per minute per
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kg for several hours. At least 1 week elapsed between
successive experiments in a single dog. Residual plasma
or urine radioactivity at the start of the experiments was
negligible. Priming doses and a constant infusion of inu-
lin and radioactive iodide (I', carrier-free, kept in so-
dium bisulfite solution until use) were given in each ex-
periment. The technique of collection of samples and the
analytical methods are described elsewhere (4, 5). The
composition of the infusions is shown in Table I. Car-
rier-free radioactive bromide was also given in 12 of
these experiments. I' was determined in these instances
after Br' had decayed to negligible levels.

Filtered iodide was calculated as plasma I'3 times inu-
lin clearance. In five plasma samples from these experi-
ments subjected to ultrafiltration (6), protein-binding of
iodide was negligible, in confirmation of previous re-
ports (7-9). The results were analyzed statistically as
follows.

It was assumed that the ratio log (excreted/filtered I)/
log(excreted/filtered Cl) has a characteristic value in
each experiment, independent of the excreted/filtered
fractions themselves. Experimental variables such as in-
fusion rates, plasma composition, urine flow, and filtration
rate were considered to affect this ratio as multiple simul-

TABLE I

Plan of experiments*

Exp. Sustaining
Dog Wt. no. Diet infusiont Additional infusions

ACPN
B
B

ACPN

APN
ACN
B
B
B
A

ACPN
A
A
B

ACPN
A

ACPN

ACPN

B
B
B
A
A
A

A

A, J

A, J

A

A

5, E + F
oE, G
o, H, I

E + F, F

K, F
oF, o
oE, G
oG+ F
(F), E + F,
o, J

(K), F
6, E + F
oF, J
(, I

oE + F
6, F, J

3, E + F

oE + F

3, F
6, E + F
(F), E + F, E
(F + G), 6, E

6, E + F, I

(G), (, E

3, C, E

(F + G), 5, C, E

(L), F + M

(L), s, E, H

* Symbols: J, none; A, glucose 0.3 mole per L; B, glucose 1.2 moles per L; C, NaSCN0.001 to 0.005 mole per L;
P, NaCIO4 0.001 to 0.005 mole per L; N, NaNO30.001 to 0.005 mole per L; D, NaBr 0.16 mole per L; E, NaCl 0.16
mole per L; F, mannitol 0.3 mole per L; G, Na2SO40.1 to 0.12 mole per L; H, NaHCO30.16 mole per L; I, HCl 0.1
N, NaCl 0.1 mole per L; J, NaI 0.16 mole per L; K, NaCl 0.3 mole per L, mannitol 0.45 mole per L, KCl 0.005 mole
per L; L, (NH4)2SO4 or NH4Cl on previous day; M, Na2SO4 0.1 mole per L, H2SO40.04 N. Infusions in parentheses
given before start of experiments.

t All animals received inulin and 1131 by priming injection and sustaining infusion, except experiments 6F6 and 6K5,
in which no I'31 prime was given. Dogs receiving infusions B, C, P, and N also received priming injections of these solutes.

6C

6E

6F

6G

6H

61

6J

6K

6L

6P

6R

6W

6Y

kg
9.8
9.6
9.6

15.6

12.0
10.4
11.4
12.6
11.8
13.5

13.0
12.0
14.0
14.5

16.0
19.8

6.6

8.0

11.5
12.6
11.4
12.2
12.0
12.0

13.4

6.8

8.0

14.0

13.4

1
2
3

1

1
2
3
4
5
6

1
2
3
4

1
2

1

1

1
2
3
4
5
6

1

1

1

1

1

Low salt
Regular
Low salt

Regular

Regular
Low salt
Regular
Low salt
Low salt
Regular

Regular
Low salt
Regular
Low salt

Low salt
Regular

Low salt

Low salt

Regular
Regular
Low salt
Low salt
Regular
Regular

Low salt

Low salt

Low salt

Low salt

Regular
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TABLE II

Iodide and chloride clearance following salt depletion and during repletion*

Plasma Urine Excreted/filtered

Time Cl Ii"l Flow GFRt Cl 1ill kt

min mmoles/L cpm mi/min

0 Inulin 0.8 g, I131 10 I&c iv
Start inulin 300 mg per 100 ml, glucose 0.3 mole per L, 1131 20 Hc per L, at 2.1 ml per minute

145-155 100 755 0.20 50 0.00042 0.0073 (0.63)
155-165 101 741 0.18 50 0.00029 0.0056 (0.64)
197 Start additional infusion of saline 0.16 mole per L, mannitol 0.15 mole per L at 3 ml per minute
200-210 100 734 0.52 54 0.00090 0.0346 0.48
240-250 102 1,135 0.72 52 0.0051 0.112 0.42
270 Increase additional infusion to 6 ml per minute
285-295 100 845 0.95 50 0.0088 0.162 0.38
295 Change additional infusion to saline 0.3 mole per L, mannitol 0.15 mole per L
300-310 102 803 1.41 51 0.0155 0.193 0.40
330-340 115 706 2.70 65 0.0519 0.298 0.41

* Dog 6G, 12.0 kg, low salt diet.
t GFR= glomerular filtration rate.
Ik = log (excreted/filtered I)/log (excreted/filtered Cl). Values in parentheses excluded from the statistical

analysis because of low clearances.

taneous regressors. Scores were assigned for the values
of each regressor in each period, based upon actual meas-
urement or, in the case of solutes infused but not ana-
lyzed, based upon the number of periods infused. In the
case of these solutes, two regressors were introduced.
For the first, a rising score was assigned based upon the
infusion rate and the number of periods during which the
infusion was given. For the second regressor, a score
was assigned after the infusion was stopped for the wan-
ing effect of the infusion. For example, if sulfate was
given moderately rapidly for four periods, and then
stopped while five more periods were obtained, the on-
going scores (first regressor) for sulfate were assigned
values of 1, 2, 3, 4, 4, 4, 4, 4, 4, whereas the waning ef-
fect (second regressor) of sulfate was scored as 0, 0, 0, 0,
1, 2, 3, 4, 4 in the nine periods, respectively. Thus, if
the ongoing effect of sulfate (per period infused) on the
discrimination factor were + 0.01, and if the waning ef-
fect were of the same magnitude but opposite in sign, the
net effect in each period would be + 0.01, 0.02, 0.03, 0.04,
0.03, 0.02, 0.01, 0.00, 0.00. On the other hand, if the ef-
fect of sulfate waxed more rapidly than it waned, some
effect would persist throughout the experiments.

Although the procedure followed for assigning scores
to the individual regressors suffers from the lack of a
rigorous basis for infusions such as sulfate, it clearly rep-
resents an improvement over simply separating periods
into those with and those without a given infusion. There
are many experimental variables that cannot be intro-
duced in a square wave fashion into the whole animal.
Furthermore, if the magnitude of a regressor can be
varied within studies as well as between studies, a more
reliable estimate of its effect can (in theory) be obtained.

In analyzing this sort of experimental situation in
which regressors vary both between and within studies,

it is difficult to obtain a reliable estimate of the study-to-
study variance component. This is needed in making a
weighted combination of between- and within-study re-
gressions. The calculations involved are too extensive
to be practicable by ordinary means, but are readily per-
formed by high speed computer. A method for this
analysis using a computer program was developed and
was used in this work (10).

Periods in which excreted/filtered chloride was less
than 0.002 were considered separately and were not sub-
jected to statistical analysis, because of the possibility of
a small amount of contamination with blood leading to
spurious estimates of iodide-chloride discrimination in
these samples. Obviously such contamination could only
increase the clearance ratios of both ions, so that the true
values could have been lower, but not higher, than the
measured values. Groups of collection periods in which
glomerular filtration rate was less than 2 ml per minute
per kg were discarded, as were any grossly bloody urine
samples. The infusions were classified in two groups:
those intended only to augment salt excretion or urine
flow, including mannitol, hypertonic glucose, and saline;
and those with possible effect upon iodide-chloride dis-
crimination, including acid, bicarbonate, and foreign
anions. The multiple regression analysis included these
latter agents and also urine flow, filtration rate, and
plasma chloride concentration.

Results
The relationship between iodide and chloride

clearance. Representative experiments are shown
in Tables II to IV. In the experiment shown in
Table II, iodide and chloride clearances were both
very low in the control periods following the feed-
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ing of a low salt diet. Infusion of saline and man-

nitol led to a 100-fold increase in chloride clearance
and a 40-fold increase in iodide clearance. The
calculated discrimination factor, k, was initially
0.63, but remained between 0.38 and 0.42 in the
last four periods despite a tenfold increase in chlo-
ride clearance. Similar parallelism between chlo-
ride and iodide clearance during loading with sa-

line and mannitol was seen in 19 experiments.
Changes in acid-base balance were induced in

five experiments, one of which is shown in Table
III. In this dog, acidosis was induced before the
experiment by giving a large dose of ammonium
chloride orally. Halide clearances were at first
increased by means of infusing saline without cor-

recting the acidosis; the discrimination factor k
varied from 0.42 to 0.47. The acidosis was then
corrected with sodium bicarbonate; k varied from
0.35 to 0.41 during these periods. Although these
results might suggest a change in the iodide-chlo-
ride discrimination factor with acidosis, statistical
analysis of the data from all five experiments failed
to support this impression, as shown below.

Stable iodide was infused in four experiments,
and its clearance was determined as well as that of
radioiodide. One of these is shown in Table IV.
Except for the first two periods, in which chlo-

ride clearance ratio was less than 0.002, the dis-
crimination factor k remained nearly constant de-
spite a progressive elevation of plasma iodide to
19 mmoles per L. Stable iodide clearances were

similar to radioiodide clearances. Some of the
disparities are probably attributable to the rapidly
changing plasma level of stable iodide. In the
other three experiments, less drastic changes in
plasma iodide were induced, and the two clearances
were more nearly equal. A comparison of the two
clearances in all four studies is shown in Figure 1.
No consistent difference was detected.

Other agents studied in various combinations
included sulfate, bromide, thiocyanate, perchlorate,
and nitrate.

The average discrimination factor in the 29 ex-

periments varied from 0.28 to 0.66, being between
0.34 and 0.50 in all but three. Because of this con-

siderable variation from study to study, a plot of
all the data fails to indicate the constancy of k in
individual experiments. Although the fit of the
data to a power function could be illustrated by
graphs of each individual experiment including
these last three, for the sake of simplicity the re-

sults in the 26 other experiments are shown to-
gether in Figures 2 and 3, on linear and logarith-
mic coordinates, respectively. These graphs show

TABLE III

Iodide and chloride clearance during acidosis and after correction*

Plasma Urine per 100 ml Excreted/filtered

Time pH C1 I131 pH Flow GFR C1 I131 kt
min mmoles/L cpm ml/min

0 Inulin 0.8 g, 1131 10 ,pc iv. Start inulin 160 mg per 100 ML, I'll 20 ,uc per L, glucose 0.3 mole
per L, at 2 ml per minute

75-85 7.22 101 3,378 6.34 0.75 24 0.0110 0.142 0.43
90 Start additional infusion of NaCi .16 mole per L at 8 ml per minute
93-103 7.24 104 3,391 6.02 0.95 33 0.0170 0.177 0.44

103-113 7.32 106 3,286 5.79 1.55 35 0.0334 0.230 0.43
113-124 7.29 108 3,175 5.63 2.70 42 0.0488 0.244 0.47
126 Increase additional infusion to 14 ml per minute
124-144 7.33 111 3,059 5.52 4.8 35 0.073 0.320 0.44
144-154 7.28 112 2,840 5.64 5.7 34 0.110 0.398 0.42
155 NaHCO35 mmoles iv. Change additional infusion to NaCl 0.16 mole per L, NaHCO30.015

mole per L
154-164 7.40 110 2,691 6.52 6.7 30 0.186 0.532 0.38
164-174 7.39 112 2,601 6.68 7.6 37 0.176 0.514 0.38
184-194 7.38 112 2,520 6.88 6.3 42 0.174 0.485 0.41
194-204 7.46 102 2,474 6.93 9.0 48 0.212 0.529 0.41
204-214 104 2,432 6.90 11.2 43 0.230 0.594 0.35

* Dog 6Y, 13.4 kg, regular diet; NH4Cl, 10 mEqper kg by mouth on the previous day.
t k = log(excreted/filtered I)/log(excreted/filtered Cl).

1374



IODIDE CLEARANCECOMPAREDWITH CHLORIDE CLEARANCE

TABLE IV

Iodide and chloride clearance during iodide infusion*

Plasma Urine Excreted/filtered

Time Cl I 1311 Flow GFR Cl I 1131 kt

min mmols/L mmoks/L cPm ml/min

0 Inulin 0.5 g, 113110 puc iv. Start inulin 100 mg per 100 ml I131 20 psc per L, glucose 0.2 mole at 3 ml per
minute

40-51 112 1,719 0.09 67 0.0012 0.0050 (0.79)
51-61 111 1,648 0.11 58 0.0011 0.0040 (0.81)
70 Start additional infusion of mannitol 0.3 mole per L at 8 ml per minute
90-100 104 1,528 1.8 61 0.0020 0.0685 0.43

115-125 99 1,359 7.0 50 0.0299 0.202 0.46
125 Discontinue mannitol infusion
150 Start Nal 0.16 mole per L at 2 ml per minute
180-190 100 1.9 1,698 2.7 70 0.0024 0.069 0.058 0.47
205-215 4.3 1,876 1.1 53 0.059
215 Increase Nal to 4 ml per minute
230-240 99 7.2 1,931 1.7 58 0.0035 0.075 0.099 0.41
240 Increase NaI to 8 ml per minute
255-265 95 12.2 2,064 4.1 67 0.0040 0.082 0.121 0.38
280-290 90 19.0 1,975 7.3 74 0.0096 0.159 0.153 0.40

* Dog 6G, 14.2 kg, regular diet.
t k = log(excreted/filtered I"'3)/log (excreted/filtered

analysis because of low clearances.

that the two clearances are highly correlated, and
that the relationship is curvilinear on linear co-
ordinates but linear on logarithmic coordinates.
Furthermore, there is no intercept at the upper
right-hand corner of Figure 3, where log (ex-
creted/filtered) equals zero for both ions. These
graphs and the values of k shown in Tables II to
IV indicate that the mathematical model employed
gives a reasonably good fit to the experimental
data.

The relationship between iodide and chloride
clearance at extremely low values of chloride clear-

0.3 -

0.2
I-

L*.

0.

I-
w

C.)
C I

0.1 0.2 0.3
EXCRETED/FILTERED1127

FIG. 1. RADIOIODIDE CLEARANCECOMPAREDWITH STABLE
IODIDE CLEARANCEIN FOUREXPERIMENTS.

Cl). Values in parentheses excluded from the statistical

ance. The results of these observations are sum-
marized in Figure 4. Much lower iodide clear-
ances were noted when the chloride excretion frac-
tion was below 0.002. In two experiments, iodide
clearance became less than chloride clearance. In
three osmotic diuresis experiments, urine-to-
plasma concentrations ratios for iodide of less than
0.01 were noted, the lowest value being 0.0015.
One such experiment is shown in Table V. As
indicated above, the true clearance ratios may have
been even lower than those shown.

As Rector and Clapp ( 11 ) have pointed out, the
lowest urine-to-plasma ratio consistent with pas-
sive back diffusion for a monovalent anion is ap-
proximately 0.01. These results therefore estab-
lish the existence of active transport of the last
traces of iodide, if active transport is defined as
movement against an electrochemical gradient be-
tween urine and plasma. Since there is little or no
correlation between chloride and iodide clearance
shown in Figure 4, the active transport mechanism
for iodide is evidently not the same as that de-
scribed for chloride (11).

Variables affecting iodide-chloride discrimina-
tion. The results of the statistical analysis are
summarized in Table VI. Twelve simultaneous
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FIG. 2. EXCRETION FRACTION OF IODIDE IN RELATION TO THE SIMULTANEOUSEXCRETIONFRACTION OF CHLORIDE IN 26
EXPERIMENTS. The three curves represent power functions, y = A, with exponents (k) of 0.28, 0.42, and 0.56.

regressors were included; some of these were
physiological variables that are always present;
others were plasma concentrations or infused quan-
tities of various solutes given to the animals.

The only one of these twelve variables that sig-
nificantly affected iodide-chloride discrimination
was urine flow. The regression coefficient for flow
per unit glomerular filtration rate (GFR) was
- 0.81. Since k is the exponent of a fraction,
smaller values of k indicate higher clearances of

.5
H

w
. 2

H.05 -

x
Li 02

iodide relative to chloride. Thus the effect of in-
creasing flow at constant chloride clearance is to
increase iodide clearance.

To obtain a more reliable estimate of the regres-
sion coefficient for flow, the statistical analysis was
repeated excluding all the regressors except flow.
The results indicate that k = 0.47 - 0.7 V/GFR,
where V is flow. The effect of flow is highly sig-
nificant. This effect is not large, however. An
increase in flow from zero to 5% of GFR, for ex-

EXCRETED/FILTERED CI

FIG. 3. SAMEDATA AND CURVESAS FIGURE 2 ON LOGARITHMIC COORDINATES.
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..03.-

U_ .02

EXCRETED/FILTEREDCl

FIG. 4. EXCRETIONFRACTION OF IODIDE VERSUSTHAT OF
CHLORIDEAT EXTREMELYLOWCHLORIDECLEARNCES. The
heavy line represents y = x0 48 and the light line y = x°".
Note that iodide clearance is even lower than chloride
clearance in some instances.

ample, should increase the percentage excretion
of filtered iodide only about 29o', if chloride clear-
ance remained constant.

Constancy of iodide-chloride discrimination.
Table VII gives the average discrimination factor
in each experiment and the estimates of period-to-
period and study-to-study variance. The latter
is greater than the former. This finding results
from the inclusion in the statistical analysis of the
three experiments in which aberrant values were

seen. The two high aberrant values occurred in
dogs that had been studied previously on three or

more occasions (6G and 6K). No explanation
for this change in discrimination could be found,
but it is conceivable that repeated doses of radio-
iodide or other side effects of the experimental
procedure had led to some permanent physiological
alterations. Unfortunately, it was not possible to
perform further studies on these dogs. It can also
be seen that study-to-study variation in individual
dogs was comparable in magnitude to dog-to-dog
variation. Thus the source of these changes in
iodide-chloride discrimination does not lie entirely
in individual differences between animals.

In individual experiments, iodide clearance can

be predicted from chloride clearance as (excreted/
filtered chloride) k where k = a - 0.698 V/GFR,
and a, the corrected mean (corrected for the re-

gression on flow), is estimated in each study from
the observed data by means of the statistical pro-
gram. Thus at least one collection period must
show close correspondence between observed and
predicted iodide clearance. The range of iodide
clearance in each experiment was considerable,
however. Thus the close correspondence between
observed iodide clearance and values predicted in
this manner (Figure 5) indicates that this rela-

TABLE V

Iodide and chloride clearance during and following chloride depletion induced by osmotic diuresis*

Urine/plasma
Plasma Urine conc. ratio Excreted/filtered

Time Cl 1131 pH Flow GFR Cl 1131 Cl 1131 kt
min mmoles/L cpm ml/min

0 Start Na2SO40.05 mole per L, K2SO40.005 mole per L, Ca acetate 0.002 mole per L, Mgacetate 0.001
mole per L, mannitol 0.15 mole per L, at 25 ml per minute

300 Inulin 0.67 g, J131 10 pAc iv. Slow sustaining infusion to 5 ml per minute and add inulin 100 mg per
100 ml, 1131 20 ,uc per L

310 Total urine volume 7,100 ml to this time
370-386 69 2,143 4.35 6.0 28 0.0036 0.0014 0.00078 0.00030 (1.14)
386-401 69 2,435 4.35 5.2 26 0.0035 0.0018 0.00071 0.00036 (1.09)
405 Change sustaining infusion to NaCl 0.2 mole per L, inulin 100 mgper 100 ml, I13120 uc per L, 5 ml per

minute
476-491 90 2,778 5.27 2.9 24 0.0042 0.0044 0.00050 0.00052 (1.00)
491-506 93 2,948 5.56 3.1 29 0.0035 0.0052 0.0039 0.00057 (0.95)
523 Start additional infusion of NaCl 0.16 mole per L, 22 ml per minute
534-544 112 2,695 7.12 3.9 29 0.124 1.26 0.0124 0.126 0.47
544-555 113 2,111 7.19 5.3 35 0.323 2.04 0.0480 0.305 0.49
565-575 122 2,045 7.35 9.8 42 0.372 2.38 0.087 0.555 0.23
575-594 129 1,879 7.16 17.5 48 0.709 1.54 0.259 0.564 0.42

* Dog 6L, 13.4 kg, regular diet.
t k = log(excreted/filtered I)/log (excreted/filtered Cl). Values in parentheses excluded from the statistical analysis

because of low clearances.
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TABLE VI

Variables affecting iodide-chloride discrimination

Regressor Coefficient :l SE

Physiological variables
Urine flow, ml/ml GFR -0.806* i: 0.1360
Filtration rate, ml/min/kg 0.0060 -- 0.0107
Plasma chloride, mmoles/L 0.0010 :- 0.0016

Infused substances
Measured plasma levels, mmoles/L

Iodide (17 periods) -0.0016 A= 0.0020
Thiocyanate (76 periods) 0.0115 :- 0.0364

Estimated (no. periods infused)
Nitrate (68 periods) -0.0406 :_ 0.0328
Perchlorate (52 periods) 0.0888 :1: 0.0358
Sulfate (31 periods) 0.0174 4- 0.0151

Aftereffect (16 periods) -0.0386 -4 0.0184
HCl (23 periods) 0.0035 -- 0.0142
Bicarbonate (12 periods) 0.0228 -h 0.0384

Aftereffect (3 periods) -0.0098 -- 0.0654

* Value differs significantly from zero (p < 0.01).

tionship has high predictive value in individual
experiments.

A comparison of iodide clearance with flow or
with the clearance of sodium or potassium in these

TABLE VII

Mean iodide-chloride discrimination factors in individual
experiments

Corrected
Dog Experiment Mean mean*

6C 1 0.368 0.388
2 0.407 0.472
3 0.449 0.526

6E 1 0.373 0.518
6F 1 0.458 0.577

2 0.351 0.368
3 0.439 0.471
4 0.411 0.463
5 0.375 0.425
6 0.501 0.530

6G 1 0.417 0.449
2 0.401 0.408
3 0.425 0.445
4 0.662 0.674

6H 1 0.424 0.466
2 0.421 0.432

61 1 0.423 0.469
6J 1 0.282 0.308
6K 1 0.437 0.531

2 0.491 0.503
3 0.343 0.432
4 0.465 0.532
5 0.450 0.454
6 0.580 0.618

6L 1 0.370 0.429
6P 1 0.471 0.485
6R 1 0.339 0.427
6W 1 0.348 0.421
6Y 1 0.412 0.454

Weighted means 0.423 0.466
Variance

Study to study 0.0250
Period to period 0.0198

* Corrected for the regression on flow.
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FIG. 5. PREDICTED VERSUS OBSERVEDIODIDE CLEARANCE

(CG). The predicted value was obtained as (excreted/fil-
tered chloride)', where k = a - 0.698 flow/GFR, and a is
an assigned value in each of 29 experiments. CG. = inulin
clearance.

same experiments indicated that none of these rela-
tionships approached the degree of uniformity seen
in the relationship with chloride clearance. For
example, sulfate infusion was often accompanied
by high flow and high cation clearances but ex-
tremely low clearances of iodide and chloride.

Discussion

The mechanism of renal excretion of iodide and
its relationship to that of chloride has been a sub-
ject of some controversy. A reduction in iodide
excretion in dogs depleted of chloride was noted in
1911 (12). A preliminary report by Riggs (13)
confirmed this conclusion in dogs, but such was
said not to be the case in man (14). Bricker and
Hlad (15) examined radioiodide and inulin clear-
ances in human subjects under a variety of circum-
stances. They concluded that iodide was filtered
and reabsorbed, but that its tubular transport was
not predictably related to that of any other ion,
including chloride. However, some correlation be-
tween iodide and chloride clearance can be seen in
their reported data, which have been estimated
from their graphs and replotted in Figure 6 on
logarithmic coordinates. The average discrimina-
tion factor appears to be approximately 0.25.

Giebisch, MacLeod, and Kavaler (8) found that
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FIG. 6. IODIDE CLEARANCEVERSUSCHLORIDE CLEARANCE
IN MAN, RECALCULATEDFROMBRICKER AND HLAD (15).
Three observations during mercurial diuresis omitted.

radioiodide clearance in dogs was increased by
mannitol, NaCl, NaBr, or NaHCO3diuresis. Wa-
ter diuresis had little effect. Although these data
might suggest an interrelationship between chlo-
ride and iodide clearance, chloride was not meas-

ured. Halmi and associates (16) administered
NaCl, NaClO4, NaI, NaBr, NaHCO3, choline io-
dide, or Na2S2O3 to rats given Il-i subcutaneously.
All of these salts except Na2S2O, increased I'31
excretion, urine flow, and possibly chloride excre-

tion. Filtration rates were not measured. They
concluded that iodide reabsorption is both passive
and active, being capable of saturation by iodide
and inhibition by other anions. Stop-flow analy-
sis indicates that iodide is reabsorbed in the same

regions as chloride, although less completely (17).
Injected radioiodide gains access to the tubular
fluid from the peritubular capillaries less readily
than does bromide (18). Cassano, Baschieri, and
Andreani (19), studying normal and goitrous sub-
jects, found some correlation between iodide and
chloride clearance, but evidently not a clear-cut
one. They report that iodide clearance exceeds
creatinine clearance in a small percentage of indi-
viduals, and is regularly reduced by probenecid.

A general concept of competitive reabsorption of
small anions was put forward by Kruhoffer (20),
based upon a review of the literature. Later Saug-
man (7), working in the same laboratory, meas-

ured simultaneous clearances of creatinine, chlo-
ride, and either iodide, nitrate, or thiocyanate in
rabbits, dogs, and man. He concluded that
"[small] anion reabsorption appears to take place
as a mutual competition in which the physical-
chemical properties of the anions decide the mutual
rate of reabsorption." This work, published only
as a thesis in Danish, is not widely known.

Saugman reported 60 simultaneous observations
of iodide and chloride excretion fractions in dogs,
but did not plot one against the other. The dis-
crimination factor calculated from his data (ne-
glecting flow or any other regressors) is 0.398 +
0.058 (SD), a value consistent with the present
data.

Thus, wherever definite data are available, the
power function relationship between iodide and
chloride clearance provides an adequate description
of the results. It appears that iodide clearance
relative to chloride clearance is greater in man
than in dogs, and the possibility of iodide secretion
in this species has not been eliminated.

These findings provide support for the report
of Isler (21 ) that thyroid function may be correlated
with salt intake, and emphasize the importance of
taking salt excretion into account in evaluating
the thyroid uptake or urinary excretion of adminis-
tered doses of radioiodide. Within the usual range
of variation in chloride excretion, this effect may
be small, but during severe salt restriction (or re-
tention) with excreted/filtered chloride ratios less
than 0.002, iodide may virtually disappear from the
urine, at least in the dog (Figure 4).

A relationship between iodide transport in the
thyroid and in the kidney is not supported by these
studies, at least as far as the major portion of
iodide reabsorption is concerned. Neither thio-
cyanate nor perchlorate administration affected io-
dide-chloride discrimination, nor did iodide load-
ing. Thus the reported effects of these agents on
iodide clearance (16, 22) may be a result of ef-
fects on fluid reabsorption or electrical potential,
thereby increasing the clearances of all monovalent
anions, rather than an indication of specific inhibi-
tion of iodide transport.

On the other hand, the mechanism responsible
for the active reabsorption of the last traces of io-
dide, which becomes apparent only at very low
chloride clearances, may well exhibit some of the
properties of the thyroidal transport system. We
have recently reported (5) that thiocyanate clear-
ance relative to chloride clearance is increased dur-
ing infusion of perchlorate or iodide, suggesting
that a distal active transport mechanism for thio-
cyanate may play a significant role in its reabsorp-
tion. However, in one of the four experiments in
the present series in which the urine-to-plasma
concentration ratio for iodide was less than 0.01,
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indicating active transport, thiocyanate was pres-
ent at a plasma concentration of 3 mmoles per L.
Further study of iodide clearance at low chloride
clearances in the presence of thiocyanate or per-
chlorate would be of interest.

The usual manner in which renal discrimination
between two solutes is expressed is as the ratio of
their clearances. This might be termed urinary
discrimination. If tubular discrimination, as de-
fined herein, remains constant, urinary discrimina-
tion may nevertheless vary widely. The relation-
ship should be: iodide clearance/chloride clearance
= (excreted/filtered chloride)k-i as can be seen by
rearranging the simple power function. A graph
of urinary discrimination against chloride excre-
tion fraction should therefore be a straight line on
logarithmic coordinates. Figure 7 illustrates this
relationship for the same 26 experiments. Uri-
nary discrimination decreased from 40 to 2 with
increasing chloruresis.

The principle difference between the approach
employed here and previous studies of iodide clear-
ance lies in the use of the simultaneous chloride
clearance as a referent. This referent provides an
index of the magnitude of a parameter of renal
function that expresses the momentary balance
between the filtration and reabsorption of mono-
valent anions. An increase in the total filtered load
of monovalent anions or an increase in the relative
proportion of less permeant anions tends to in-
crease the excretion fraction of all. A decrease in

50

2 0 *'*

I0C 0 0 h
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2-
C~~~~~~~~~~I fil
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FIG. 7. THE RATIO OF IODIDE TO CHLORIDE CLEARANCE
AS A FUNCTION OF THE EXCRETION FRACTION OF CHLORIDE.
The relationship is linear on logarithmic coordinates, and
the ratio approaches a limiting value of unity.

the rate of tubular reabsorption of water or in the
transtubular electrical potential gradient also tends
to increase the excretion fractions of all. Al-
though chloride has no more primary role than any
other anion in this scheme, it is the most con-
veniently measured. When iodide or bromide (4)
clearance is viewed in the light of this parameter,
many of the agents previously found to augment
these clearances are seen to have nonspecific ef-
fects on monovalent anions in general, probably by
means of one of the above mechanisms.

Bicarbonate, like sulfate or phosphate, cannot
be considered a passively reabsorbed anion, since
its removal is clearly limited by a maximal rate.
These anions removed by pump mechanisms there-
fore show no consistent relationship to the simul-
taneous clearances of halides.

Summary

Simultaneous clearances of inulin, chloride, and
radioiodide, during constant infusion of the latter,
were measured in dogs salt depleted or infused
with solutions of glucose, mannitol, NaCl, Na2SO4,
NaHCO3, HCl, NaI, NaBr, NaSCN, NaNO3,
NaClO4, or combinations of these. The data were
examined to determine whether they were con-
sistent with the possibility that iodide and chloride
are passively and coextensively reabsorbed, with
the ratio of the tubular permeabilities to the two
ions unchanging along the length of the tubule.
If this were the case, log (excreted/filtered I) Aog
(excreted/filtered Cl) = k should be nearly con-
stant, at least in individual experiments. The cal-
culated discrimination factor k was independent of
plasma chloride or iodide levels, filtration rate, or
the administration of these infusions. Increasing
flow decreased k indicating the iodide clearance
varies slightly with flow independently of chloride
clearance. For all of the experiments, k = 0.468
- 0.7 (flow/glomerular filtration rate). In indi-
vidual experiments, values of iodide clearance pre-
dicted in this manner from chloride clearance and
urine flow were closely correlated with observed
iodide clearance. These results are thus consistent
with the hypothesis. However, at very low ex-
cretion fractions of chloride (< 0.002), active
transport of iodide became apparent, and iodide
reabsorption in some instances was more nearly
complete than chloride reabsorption.
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