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The factors that may influence the kinetics of
sodium absorption from the normal and the dis-
eased human small intestine are not well defined.
The importance of two such factors, intestinal mo-
tility and parenteral administration of organo-
mercurials, was separately investigated in the
present study.
The significance of intestinal motility in man

has recently been evaluated (3, 4). In normal
subjects, administration of methantheline bro-
mide (Banthine) significantly reduced the rate of
sodium absorption from the intestinal lumen (3).
The diminished transport of sodium was con-
sidered to be due to the concomitant reduction in
intestinal motor activity. In patients with sprue
in relapse, the rate at which sodium entered the
circulating blood from the small bowel was also
significantly reduced (4, 5). The altered intes-
tinal motor activity observed in this condition, as
well as the presence of an enzymatic defect, was
thought to play an important role in the abnormal
sodium absorption (4).
The effect of mercurials on sodium absorption

has been studied in animals. A similarity between
the transport mechanisms in the renal tubular and
intestinal epithelial cells was suggested by the ob-
servation that, when mixed with the saline, and
administered into the intestine, various mercurial
compounds caused a decrease in the rate of in-
testinal absorption of the sodium (6) and chloride
ions (6, 7).
As a baseline for the present experiments, de-

signed to evaluate the effect of motility and or-
* A portion of this work has been published in abstract

form (1).
t Read in part by title at the Fifty-first Annual Meet-

ing, American Society for Clinical Investigation, At-
lantic City, N. J., May 4, 1959 (2).

4 Present address: Seton Hall College of Medicine and
Dentistry, Jersey City, N. J.

ganomercurial administration on sodium absorp-
tion, studies were initially performed to determine
the characteristics of normal sodium transport, in-
cluding a measure of variations in normal rates of
absorption. The term "absorption" as used in
this paper refers to the unidirectional transfer of
sodium from the intestinal lumen into the arterial
blood.

METHODS

I. Sodium absorption

Forty-five tests of radiosodium absorption were per-
formed on 25 convalescent male hospital patients. All
subjects were in normal electrolyte balance and were
free of cardiac, hepatic, renal, endocrine and intestinal
diseases. Their ages ranged from 25 to 70, with a mean
of 43 years.
The observations were made in the morning after an

overnight fast of at least 8 hours. The patient remained
supine throughout the test. A Miller-Abbott tube was
passed under fluoroscopic guidance and its tip positioned
in the jejunum approximately 20 to 30 cm beyond the
ligament of Treitz. The location of the tube was re-
corded roentgenographically at the beginning and end of
each study. A Cournand needle was inserted into the
brachial artery and secured in place. Control samples of
blood were obtained. Sodium", 10 to 15 /Ac in 30 ml of
isotonic saline warmed to 370 C, was introduced into the
proximal jejunum at a constant rate during a 60 second
period. Sodium', 7 to 12 Ac in 2 ml of isotonic saline,
was injected intravenously over a 10 second period, the
mid-point of the intravenous injection coinciding with the
mid-point of the sodium" administration. During the
second minute, the Miller-Abbott tube was flushed with
15 ml of nonradioactive, isotonic saline. The mid-point
of the sodium' and sodium"2 injections was considered
to be zero time, and 4 ml of arterial blood was withdrawn
at 1-minute intervals for the first 12 minutes, at 3-min-
ute intervals until 30 minutes had elapsed, and then at 5
to 10-minute intervals up to 1 hour.
To determine the degree of reproducibility of the ab-

sorption of sodium a second test was performed on 9 pa-
tients under identical conditions 1 hour after the control
study. In 11 patients, control studies preceded repeat
tests performed after intravenous injection of propanthe-
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line bromide (Probanthine). In each repeat test, admin-
istration of sodium' and sampling of arterial blood were

performed exactly as in the control study. However, in
order to minimize the contribution of the radioactivity
present from the initial test, a much larger dose of so-

dium24, 50 to 90 uc, was administered in the same quantity
of isotonic saline. The plasma background for purposes

of the second test was determined by averaging the radio-
activity in two arterial samples drawn immediately prior
to the administration of the second dose of sodium'.
The decrease in this background radioactivity during the
first 12 minutes of the repeat test was calculated by ex-

trapolation to be less than 1 to 2 per cent of the total
plasma radioactivity at 12 minutes. Absorption was al-
most complete at 12 minutes in both studies and it is this
12 minute period which is evaluated in greatest detail.
The spaces of distribution determined during the control
study for each patient were used in calculation of sodium
absorption in both the control and repeat tests.
The concentration of isotopic sodium was determined

by counting 2 ml of plasma in a conventional well-type
scintillation counter. Each sample of plasma containing
both sodium's and sodium2' was counted for a period at
least long enough to register 10,000 counts. One week
later, the sodium2' (Tj = 15 hours) had decayed to

negligible levels, and the plasma was again counted to
determine the sodium's (T1 = 2.6 years) concentration.
Sodium2' plasma levels on the day of the test were calcu-
lated by subtracting the sodium22 contribution. The dose
of sodium' and sodium2' administered was determined by
correcting for the total residual radioactivity in the syr-

inges and in the Miller-Abbott tube. Absorption rates
were calculated by the formula of Scholer and Code (8)
using each patient's observed serial sodium2' plasma con-

centration values and sodium's spaces of distribution.
Conventional statistical methods were used to deter-

mine the 80 percentile range and linear correlation coeffi-
cients (R). The probability (p) that a correlation coeffi-
cient was obtained by chance was evaluated by analyses
of variance and the t test (9).

II. Intestinal motility
The motor activity of the small intestine was studied

by detection and recording of intraluminal pressure in 21
studies. Two different systems were employed to re-

cord these pressure fluctuations. In 11 experiments a

pressure-sensitive radio-telemetering capsule was used
(10). In 10 tests a small balloon was connected via one

lumen of a Miller-Abbott tube to a strain gage manom-

eter (Statham). The balloon was 2 inches long, had a

capacity of approximately 45 cc, and during recording
was filled with 5 cc of air. Intraluminal pressure was

displayed oscilloscopically and permanently recorded by
an oscillograph. In all studies, the pressure-detecting
device was placed 1 to 1.5 feet distal to the point of ad-
ministration of sodium2' into the jejunum. When the
radio-telemetering capsule was used, it was held station-
ary by a thin, peroral thread. When the small balloon
was employed, the other lumen of the Miller-Abbott tube
was used to administer the sQdium2'-saline solution. The

intraluminal pressure records were analyzed for the pres-
ence of type I or "segmenting" waves and type III waves
(11). For this investigation, type I waves are defined as
simple, monophasic pressure waves of 2.5 to 7 seconds in
duration. Type III waves are complex waves of longer
duration, consisting of type I waves superimposed on an
elevation of the baseline of at least 5 cm of H2O. De-
termination was made of the percentage of time that type
I and type III activity was present by measuring and
summating the duration of each wave form. In addition,
the average amplitude of the type I waves was calculated.

Jejunal intraluminal pressure was recorded during 15
absorption experiments from the unstimulated small bowel
of 11 patients. In 4 of the patients, pressures were re-
corded during a control and repeat absorption experi-
ment performed under identical conditions. Following
the control tests in 6 of the remaining patients, a re-
peat motility and absorption study was preceded by the
intravenous administration of 0.3 mg per kg of pro-
pantheline. In these studies, the second sodium24 absorp-
tion-motility test was timed to coincide with the occur-
rence of a definite anticholinergic effect, i.e., dry mouth,
tachycardia or blurring vision.

In 6 additional patients who received propantheline,
absorption of sodium24 was determined after spreading
the test saline solution over 2.5 to 3 feet of jejunal mu-
cosal surface. Prior to the administration of propanthel-
ine, the tip of the Miller-Abbott tube was advanced to a
point 4 to 5 feet distal to the ligament of Treitz. When
a peripheral effect of propantheline was observed, mu-
cosal spread of the saline was accomplished by steadily
withdrawing a measured length of tubing (2.5 to 3 feet)
during the period (1 minute) of continuous sodium' ad-
ministration.
X-ray studies. Preliminary to the radiosodium absorp-

tion experiments, radiographic studies were performed
to gain information regarding: 1) the best location for
placement of the Miller-Abbott tube, and 2) the rapidity
of passage through the small bowel of a radiopaque solu-
tion administered at the same rate and in the same quan-
tity as the sodium24 test solution and the subsequent flush-
ing isotonic saline solution. Seventeen tests on 13
patients were performed. Thirty ml of sodium 3-acetyl-
amino-2, 4, 6-triiodobenzoate (Urokon Sodium) was ad-
ministered steadily into the small bowel through a Miller-
Abbott tube for 1 minute, followed by a wash of the same
dye (15 ml) during the second minute. Radiographs of
the abdomen were taken at 1 minute after the midpoint
of the initial injection, and then at 2, 5, 10 and 20
minutes.

In the first 6 tests, the tip of the Miller-Abbott tube
was placed in the transverse duodenum. In 2 studies a
small quantity of dye was noted to reflux into the stomach.
Thereafter, to avoid reflux, the tip of the Miller-Abbott
tube was placed approximately 20 to 30 cm distal to the
ligament of Treitz for the additional 8 X-ray studies and
for all of the subsequent sodium experiments.
Examination of the radiographs revealed that at 1

minute the dye was distributed over an area of approxi-
mately 1 to 1.5 feet of the jejunum, and at 5 minutes
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was dispersed throughout the jejunum and most of the
ileum. At 10 minutes some of the dye had entered the
proximal colon in several patients. In 3 additional pa-
tients, in whom X-ray studies were performed following
propantheline administration, the radiopaque dye remained
localized in the upper jejunum for a period of at least 20
minutes. Radiopaque marker substances were not used
in the sodium24 absorption experiments, in order to avoid
possible alterations in osmolarity and viscosity of the
test saline solution.

III. Mercaptonierin admninistration
Eleven additional convalescent hospital patients were

used in this study. Two tests of sodium24 transport from
intestinal lumen to arterial blood were performed on each
patient. Since only intra-individual differences between
arterial appearance curves of sodium24 were analyzed,
sodium' was not used and spaces of distribution were
not determined. Sodium24 was administered as in the
first portion of the study and arterial blood serially sam-
pled. In addition, a multi-holed urinary catheter was in-
serted into the bladder of each patient and timed urine
collections were made. At the end of each collection pe-
riod, 100 to 200 cc of air was injected to insure adequate
collection. After the initial sodium24 absorption study and
after at least two 15-minute urine collections, 2 ml of
mercaptomerin was given intravenously to each of the 11
patients. A second intestinal absorption test was per-
formed 70 to 120 minutes after the first test and timed
to coincide with a marked diuresis, if diuresis occurred.

a

Urinary sodium and chloride were determined by stand-
ard methods (12, 13).

Since no correction was made in these studies for vari-
ations in the "sodium space," experiments were carried
out in 4 other patients to demonstrate that mercapto-
merin did not appreciably alter the arterial disappearance
curve of intravenously administered sodium. Sodium24
was given intravenously prior to mercaptomerin and an
arterial disappearance curve plotted. The study was re-
peated after mercaptomerin and was timed to coincide
with a urinary diuresis as in the absorption studies.

RESULTS

I. Characteristics of sodium absorption in normal
patients

Rate and total quantity of sodium24 absorbed
following intrajejunal administration in 22 pa-
tients. At 5 minutes a mean total of 61.7 ± 15.3
per cent, and at 12 minutes a mean total of 94.0 ±
11.8 per cent of the administered dose were trans-
ferred from intestinal lumen to arterial blood (Fig-
ure la). Mean absorption during the eleventh
minute was 3.9 per cent and during the twelfth
minute, 1.8 per cent of the administered dose.
By continuing the calculations to 21 minutes in 9
tests, increasingly small increments in the curve of
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FIG. 1. a. QUANTITY OF SODIUM' ABSORBED FROM THE SMALL INTESTINE OF 22
NORMAL PATIENTS FOLLOWING INTRAJEJUNAL ADMINISTRATION, REPRESENTED AS
PER CENT OF ADMINISTERED DOSE. b. RATE OF APPEARANCE OF SODIUM' IN THE

ARTERIAL BLOOD. The plasma concentration of sodium' is represented as per cent of
administered dose per liter.
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FIG. 2. QUANTITY OF SODIUM'4 REMAINING IN THE IN-

TESTINE FOLLOWING INTRAJEJUNAL ADMINISTRATION. The
rate of absorption is exponential between the second and
tenth minute, during which approximately 90 per cent of
the total dose is absorbed.

sodium21 were noted, approaching or reaching
zero absorption. In seven patients absorption of
more than 100 per cent of the administered dose
occurred at 12 minutes.
The mean rate of absorption of sodium24 in

terms of the quantity in the intestinal lumen was
exponential between the second and tenth minute
(Figure 2). During this period, 21 per cent of
the amount remaining in the intestine was ab-
sorbed per minute.
The initial period during which the plasma con-

centration curve rose sharply (Figure lb) cor-

responded to the period during which the absorp-
tion curve also rose rapidly and the largest quan-
tity of sodium24 was absorbed (Figure la). This
might be expected, since the values for absorption
of sodium24 were derived by integration of the ar-
terial appearance of sodium24 and the disappear-
ance of sodium22. The concentration value at 5
minutes was closely correlated (R = + 0.91) with
the average quantity absorbed per minute in the
first 5 minutes. During this time more sodium24
entered the blood stream than left the intravascu-
lar space. At 8 minutes most of the sodium had
been absorbed. By 12 minutes the concentration
curve of sodium24 had already started to decline,
while the cumulative absorption curve continued
to rise. Thus, little correlation (R = + 0.20)
existed between the concentration value and the
total quantity absorbed at 12 minutes.

There was close correlation (R = + 0.96) be-
tween the average quantity absorbed per minute
during the first 5 minutes and the time required
for the absorption of 50 per cent of the adminis-
tered dose. This suggests that in normal patients
these measures may provide essentially the same
information.

Evaluation of a repeat test of sodium absorption
under identical conditions in 9 patients. Inspec-
tion of mean absorption and concentration curves

a b
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FIG. 3. a. MEAN ABSORPTION CURVE (PER CENT ADMINISTERED DOSE) OF SODIUM24
IN CONTROL AND REPEAT CONTROL STUDIES IN NINE NORMAL PATIENTS FOLLOWING
INTRAJEJUNAL ADMINISTRATION OF SODIUM24. b. MEAN ARTERIAL CONCENTRATION
OF SODIUM (PER CENT ADMINISTERED DOSE PER LITER) IN CONTROL AND REPEAT CON-
TROL STUDIES IN NINE NORMAL PATIENTS FOLLOWING INTRAJEJUNAL ADMINISTRA-

24TION OFSODIUM'
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TABLE I

Variance analysis between control and repeat sodium absorption tests
in 9 patients and single tests in 22 normal patients

Concentration Absorption, Absorption Quantity
at 50% rate, first absorbed at

5 min of dose 5 min 12 min

Variance between single
tests in 22 normal patients 3.32 1.56 9.34 140.17

Variance between single
tests in 9 normal patients 4.08 1.19 10.81 108.04

Variance between repeat tests
in each of the 9 normal patients 2.35 0.81 5.90 43.38

(Figures 3a and 3b) for the control and repeat
control test in 9 patients demonstrates the close
reproducibility of sodium absorption studies in
each patient. No significant differences were
found between the two control tests for the follow-
ing parameters: concentration values at 2, 3, 5 and
8 minutes; and rates of absorption during the
first 5 minutes and the 50 per cent absorption time.
The total quantity absorbed at 12 minutes was
greater in the repeat studies, the difference being
statistically significant at the 5 per cent level.
This difference at 12 minutes occurred at a time
when little sodium was still being absorbed, and
large technical errors can be expected. A sig-
nificantly greater difference was found between
single control tests on different patients than be-
tween two control tests on the same patient (p <
0.05). A variance analysis (Table I) demon-
strates the gain in the precision of the experi-
ment when a patient is used as his own control.

II. Relationship between intestinal motor function
and absorption of sodium24 from the small
bowel

Correlation of absorption and motility from the
normal small bowel in 11 patients. In the 11 pa-
tients in whom sodium24 transport and intraluminal
pressure studies were measured simultaneously,
absorption occurred at a rate similar to that noted
for the larger group of 22 patients. A mean of 53
per cent of the administered sodium24 was absorbed
in 5 minutes and a mean of 89 per cent was ab-
sorbed in 12 minutes. Intraluminal pressure re-
corded during 15 small intestinal absorption ex-
periments varied widely from patient to patient
(Table II). There was more intestinal motor ac-
tivity in the first 5 minutes after administration
of the test solution than in the succeeding 7 min-

utes, possibly due to the motor response of the
bowel to the presence of the sodium24-saline solu-
tion. The average time during which type I waves
were present was 29 per cent of the total 12 min-
utes (range 2 to 82 per cent). The average am-
plitude of the type I waves varied for each patient
from 0.5 to 14 cm H12O; mean for the group, 5 cm
H2O. Maximal amplitudes for type I waves for
each patient ranged between 2 and 47 cm H2O.
The average duration of type III activity during
the 12 minute recording ranged from 0 to 16 per
cent; mean, 6 per cent.

Analysis of the data in 15 motility and absorp-
tion studies revealed that a positive though not
striking correlation existed between percentage of
time that type I waves were occurring and the
quantities absorbed at 5 minutes (R = + 0.63)
and at 12 minutes (R = + 0.55), as determined
by a comparison of the relative ranking of the mo-
tility and absorption values in this series. These
correlations are significant at the 2 per cent and
5 per cent levels, respectively. There was no cor-
-relation (R = + 0.25 or less) between either the
amplitude of type I waves or the per cent dura-
tion of type III waves with the quantity of sodium
that was transported from the intestinal lumen into
the arterial circulation.

In the three (of four) patients in whom two
control tests per subject were performed, an in-
crease or decrease of the amount of type I activity
in the repeat control test was always accompanied
by a change in absorption in the same direction,
although no correlation existed with the degree
of change. The remaining patient J.0. (Table II)
absorbed the same quantity of sodium at 12 min-
utes in both control tests, despite a considerable
difference in motor activity.

Despite the finding of a moderate positive cor-
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relation between absorption and the occurrence of
type I activity in the control studies, normal ab-
sorption was found to be associated with minimal
motor function of any type in several patients
(J.O., J.L., W.R., Table II).

Correlation of absorption and motility before
and after propantheline administration. Adminis-
tration of propantheline in eight patients signifi-
cantly reduced sodium24 plasma absorption and
concentration values (Figures 4a and 4b) as com-

pared with control levels (p < 0.05).
As an indication of a significant change from

control levels, the initial slope of the post-anti-
cholinergic plasma concentration curves (Figure
4b) afforded almost as much information as the

calculated absorption data (Figure 4a). The de-
gree to which absorption was diminished in indi-
vidual patients varied considerably and did not
correlate well (R = + 0.28) with the control ab-
sorption values. (Figure 5). Nor was any cor-

relation observed in these patients between the ef-
fect of propantheline on absorption and the severity
of the anticholinergic effects such as tachycardia,
xerostomia or blurred vision.

Intraluminal pressure was simultaneously re-

corded during the sodium absorption experiments
in six of the eight patients before and after pro-

pantheline. Type I waves were abolished or

markedly reduced following propantheline ad-
ministration in four of the six patients. In the

TABLE II

Sodium24 absorption and intestinal motility

Pressure waves during first Pressure waves during first
5 minutes 12 minutes

Type I Type I
Quantity Type III Quantity Type III
absorbed Time Time absorbed Time Time

Patient at 5 min present Av. amp. present at 12 min present Av. amp. present

% of dose % cc H20 % % of dose % cc H20 %
I. Two control tests (a and b)

N.V. a 68.0 14.1 9.9 3.3 98.5 28.2 11.7 3.8
b* 75.5 114.2

H.H. a 58.0 38.1 5.7 3.3 88.4 31.9 4.4 1.3
b 69.0 59.8 7.7 18.6 99.3 46.3 6.2 12.0

S.H. a 55.0 20.4 10.4 15.3 86.5 8.5 4.3 6.3
b 66.5 36.8 6.7 14.3 85.6 25.9 5.2 5.9

J.O. a 51.0 40.0 16.0 16.0 92.3 28.1 13.7 16.1
b 36.0 1.3 2.4 0.0 93.6 3.2 2.5 1.5

H.B. a 50.0 8.8 3.9 23.0 75.6 5.1 3.2 9.5
b 60.0 34.5 33.8 2.3 90.2 40.3 3.7 1.0

II. Control (a) and propantheline (b) tests
G.P. a 37.0 23.8 9.3 23.0 68.8 31.2 6.8 11.9

b 27.5 0.0 0.0 0.0 58.3 0.0 0.0 0.0

A.C. a 67.0 24.2 11.7 8.3 92.9 26.3 9.9 3.4
b 40.0 48.5 13.4 0.0 74.3 59.3 20.9 3.6

J.S. at 46.5 90.4 81.9 5.8 16.4
b 9.0 27.6 2.5 0.5 0.0

L.G. a 67.0 64.6 1.6 0.0 102.7 64.1 1.4 0.0
b 21.5 34.7 9.6 0.0 62.8 38.0 4.9 0.0

J.L. a 45.5 4.8 0.9 0.0 81.1 2.0 0.4 0.0
b 25.5 61.8 9.2 0.0 48.8 46.5 8.0 0.0

W. R. a 47.0 0.0 1.1 0.0 81.1 0.0 1.1 0.0
b 26.0 0.0 0.0 0.0 53.9 0.1 2.0 0.0

* Repeat motility study not perormed.
t Twelve-minute motility record technically suitable for only 7 minutes.
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two remaining patients the total type I motor ac-
tivity of the jejunum was significantly, although
transiently, accentuated by the drug. Serial rhyth-
mic, 11 minute, type I waves were noted for short
periods before complete inhibition occurred. Ef-
fect of propantheline on type III activity could
not be evaluated in three of the patients, since it
was absent before the drug as well as after. Pro-

pantheline did abolish type III waves, however, in
the studies on two patients in whom they were
present in the control study.
There was a reduction of both absorption and

motor activity following propantheline adminis-
tration in four patients, but no obvious correla-
tion was noted between the degree to which each
of these functions was depressed. In the two pa-
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FIG. 5. ABSORPTION OF SODIUM' IN THREE NORMAL PATIENTS BEFORE AND AFTER PROBANTHINE
ADMINISTRATION. There is no relationship between control levels of sodium" absorption and
the degree to which Probanthine depresses absorption.
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TABLE III

Renal effect of mercaptomerin* on urinary flow, and sodium and chloride excretion
at beginning of repeat sodium24 study

Urinary changest

Sodium Chloride
change change

Urinary volume in minute in minute
change in minute rate of rate of

Type of study Patient flow excretion excretion

C.S. 287 584 230
C.H. 33 99 110
R.A. 458 133 975

Sodium24 absorp- R.M. 36 40 23
tion study (intra- J.S. 848 700 653
jejunal adminis- J.M. 414 552 349
tration) J.J. 112 227 190

S.C. 300 162 206
H.G. 936 1,354 1,555
T.D. 636 299 368
F.K. 29 456 416

Mean 372 528 461
SE ±98 ±137 4136
SD ±324 ±455 ±449

Sodium24 distribu- J.G. 730 256 390
tion study (i.v. W.N. 450 602 403
administration) J.J. 388 869 494

G.J. 1,017 1,163 961

* Administered intravenously following control sodium24 study. Second study started at time of urinary changes
recorded in table, 70 to 120 minutes after mercaptomerin administration.

t Per cent change from control levels. All values represent an increase above control levels.

tients who manifested increased motor function,
absorption was reduced despite the increase in per
cent duration and amplitude of type I activity.
It is of considerable interest, however, that in one
of these patients (A.C.) sodium24 absorption after
propantheline was within the 80 percentile range

for normal subjects. The other patient (J.L.),
who had increased motility after propantheline,
had greatly decreased absorption.

Effect of spreading sodium24 over jejunal mu-
cosa on propantheline-induced inhibition of ab-
sorption. The mean absorption of sodium24 fol-
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lowing propantheline administration was not ap-
preciably changed by mechanically spreading the
sodium24 over approximately 2.5 to 3 feet of je-
junal mucosal surface. In the six patients in
whom the sodium24 was artificially dispersed ovter
the jejunum, absorption at 5 and 12 minutes was
29 and 58 per cent of the administered dose, re-
spectively, compared with absorption of 27 and 55
per cent in the eight patients who received pro-
pantheline, but in whom no attempt was made at
dispersion of the test solution.

III. Effect of parenteral mercaptomerin adminis-
tration on sodium absorption

In seven of the 11 patients, a definite, marked
increase in natriuresis followed mercaptomerin ad-
ministration (Table III). In three patients (J.J.,
R.A. and C.H.) the effect was present but not
marked, and in one patient (R.M.) little effect
was noted. The mean per cent increase in uri-
nary flow for the 11 patients as compared with
control rates of flow was 372 per cent per minute,
SE + 98; the mean per cent increase of sodium
excretion was 528, SE ± 137; the mean per cent
increase of chloride excretion was 461, SE + 136.
The arterial plasma concentration curve of so-
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FIG. 7. ARTERIAL DISAPPEARANCE CURVES AFTER INTRA-

VENOUS ADMINISTRATION OF SODIUM24 BEFORE AND AFTER

MERCAPTOMERIN. The closeness of the two curves sug-

gests that the mercaptomerin does not significantly affect
the distribution of the sodium'm during the first 12 minutes.

dium24 following mercaptomerin administration
was in each case very similar to that of the control
(Figure 6). The mean differences between'the
concentrations in the control test, minus those af-
ter mercaptomerin at 2, 3, 5 and 8 minutes, re-
spectively, were: + 0.01, - 0.15, - 0.12, + 0.34.
These values do not differ significantly from 0, 0;
0, 0 nor do they differ significantly from one an-
other by Hotelling's t test or the conventional F
test.
The difference in the control arterial appear-

ance curves of sodium24 noted between different
patients was very much greater than that noted
between the control and post-mercaptomerin tests
in the same patient.
The arterial disappearance curve of intravenous

sodium24 in four other patients was unaffected by
the administration of mercaptomerin (Figure 7).

DISCUSSION

I. Sodium absorption

Sodium24 in an isotonic saline solution was trans-
ported rapidly from the intestinal lumen into the
arterial circulation. In 22 control tests, the uni-
directional transfer of 50 per cent of the test dose
of isotopic sodium occurred in a mean of 4.3 min-
utes as compared with a mean of 6.1 minutes in
13 normal patients studied elsewhere (3, 4, 14).
Although it is possible that the absorption of
greater than 100 per cent of administered sodium24
in seven patients represented re-excretion of so-
dium24 into the intestinal lumen, it is more likely
that the errors of the method largely accounted-for
this finding. Reproducibility of the rate at which
sodium was absorbed from the intestine in nine
repeat control tests was demonstrated to be quite
good. On the basis of this reproducibility, the
technique of using a patient as his own control
was utilized in further studies. When only intra-
individual differences were compared, as in the
case of the evaluation of the effect of organomer-
curial administration on the absorption of sodium
ions, sodium spaces of distribution were not re-
quired. This facilitated the study by eliminating
the laborious mathematical calculations needed to
integrate concentration with distribution values.
It was first determined, however, that no change
in the distribution of sodium resulted from mer-
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captomerin administration. When inter-individual
differences in sodium absorption were analyzed,
as in the study of intestinal motility and sodium ab-
sorption, it was essential to measure the rate of
arterial appearance and disappearance of the
test substance. The ability to accurately trace
the distribution of sodium throughout the body
(15) is essential to this technique, and offers a
dimension in the study of absorption from the in-
tact human small bowel which is lacking when
rates of absorption of such commonly used sub-
stances as glucose, vitamin A, triolein and oleic
acid are determined (16). It should be noted,
however, that the validity of this method (8, 17)
depends in part upon how accurately the distri-
bution of intravenous sodium22 reflects the distri-
bution of the sodium24 absorbed from the intestine.
Since sodium24 must pass through the intestinal
mucosa, liver and/or lymphatics before reaching
the systemic circulation, it is possible that the two
isotopes are not identically distributed during the
first few minutes. This question has not been
completely resolved but experiments in dogs (18)
in which sodium24 was injected into the portal vein
suggest that the difference in route of administra-
tion may not introduce significant errors.

II. Intestinal motility and sodium absorption

Moderate positive correlation between type I
waves, the "segmenting" waves, and transfer of
sodium ions from intestinal lumen to arterial blood
was observed. Particularly in patients in whom
two control absorption and motility studies were
performed, there was a parallel relationship be-
tween increased or decreased absorption and cor-
responding increase or decrease in segmental mo-
tor activity. However, the finding of normal
rates of sodium transport in the presence of little
intestinal motor activity of any type suggests that
motility may not be as crucial a factor in the ab-
sorption of sodium from a saline medium as has
been postulated (3, 4). It is quite possible that
intestinal motor activity may be of greater im-
portance to the efflux of sodium from the lumen
when the administered sodium is mixed with a
more viscous substance such as food. A greater
degree of churning would be then required to
achieve continuous optimal mucosal contact. The
observation that a constant proportion of sodium24

remaining in the intestinal lumen enters the blood
stream every minute until 90 per cent is absorbed
suggests that an optimal absorbing surface is
achieved within a few minutes in the normal bowel.
A similar exponential rate of absorption has been
noted previously for D2O (18).
Any discussion of the relationship between ab-

sorption and motility must include a consideration
of the methods used to record motility. In these
studies we have employed a device which detects
the intraluminal pressure at one point in the
jejununl1. The intraluminal pressure record at one
point may not be the same as that in the remainder
of the small intestine, although it is reasonable
to suppose that it is. The system we have used
does not yield information on gradients of pres-
sure between two adjacent areas of the bowel.
Since intraluminal contents move as a result of
these gradients, such information would be valu-
able in assessing those waves that effect propul-
sion of contents. Ideally intraluminal pressure at
several points should be measured and propulsion
of contents simultaneously recorded by a separate
means. In spite of the limitations of the method
used in these studies, it does represent a quantita-
tive, reliable way of recording the motor activity
of one segment.

Although the present data confirm the fact that
the decrease in absorption which follows adminis-
tration of an anticholinergic drug may be in part
related to diminished 'motor activity [particularly
propulsive activity (3)], a finding of similarly
reduced transport of sodium ions after sodium
wvas mechanically spread over 3 feet of jejunal
surface suggests that other factors must be con-
sidered. It is known that anticholinergics alter
secretion into the intestine (19). Atropine has
been shown to decrease mean central venous pres-
sure and alter cardiac output (20). It is possible,
therefore, that intestinal blood flow is altered
by atropine or synthetic parasympathomimetic
drugs. Although evidence is lacking, another pos-
sibility is that anticholinergics muay influence the
metabolic activity of the intestinal mucosa which
has been demonstrated to cause active sodium and
chloride transport (21, 22). The effect of pro-
pantheline on the hepatic clearance of sodium is
an additional unknown consideration which may be
significant.
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III. Effect of mercaptomerin on sodium absorption

The present studies indicate that a parenteral
organomercurial compound, mercaptomerin, does
not appreciably affect the unidirectional transport
of sodium24 ions during a period when a definite
renal effect is manifest. This would suggest that
the jejunal and ileal mucosa in man does not re-
spond similarly to the renal tubules after a mer-
curial diuretic. This is in contrast to previous
findings of decreased absorption of sodium (6, 7)
and chloride (7) after mixing the saline with mer-
alluride (Mercuhydrin). The difference in results
between these experiments may be a function of
the effective concentration of the mercurial at the
mucosa. Blickenstaff (7) administered 2 ml of
meralluride with the NaCl into a jejunal ring
fistula in dogs. The resultant concentration of the
mercurial compound at the mucosa was probably
very greatly in excess of that achieved by paren-
teral administration of the same dose of mercap-
tomerin in man. Few data exist on the concentra-
tion of mercury in the intestine after parenteral
organomercurial administration, and what infor-
mation does exist is principally derived from ani-
mal studies. In the rat and dog, variable amounts
of radioactivity were found in the gut wall after
parenteral administration of Hg203-labeled chloro-
merodin [Neohydrin (23)]. In these experi-
ments, however, the intestine accounted for a very
small fraction of the radioactivity found in the
kidney. In one patient with advanced renal dis-
ease, autopsied 24 hours after administration of
Hg203-labeled mercaptomerin, appreciable radio-
activity was present in the colon (24), but the
small intestine was not studied.
The probable low concentration of a mercurial

agent in the small intestinal mucosa of man would
raise the question as to whether the failure to in-
hibit sodium24 absorption in these experiments is
due, not to differences in the mechanism of sodium
transport between intestine and renal tubules but,
simply, to the concentration of the mercurial agent
in the mucosa.
The possibility exists that a parenteral mercurial

might affect intestinal mucosal transport of Na+
or Cl- ions at a time other than that chosen in
these experiments. It seemed reasonable, how-
ever, to use the response of the kidney as an indi-
cation of mercurial action.

SUMMARY

1. The quantitative characteristics of normal so-
dium absorption, i.e., unidirectional transfer of
sodium ions from lumen to blood, have been stud-
ied by integrating the arterial appearance of so-
dium24 after jejunal administration with the ar-
terial disappearance of sodium22 following intra-
venous administration. In 22 control tests a
mean of 62 per cent of the administered dose was
absorbed in 5 minutes; a mean of 93 per cent was
absorbed in 12 minutes. Arterial concentration
curves of sodium24 during the first 8 minutes were
closely correlated with calculated absorption
curves during this period.

2. When calculated in terms of amount of so-
dium24 remaining in the intestinal lumen, transfer
of sodium24 to arterial blood proceeded at an ex-
ponential rate.

3. In nine patients, repeat control tests of in-
testinal absorption of sodium24 under identical
conditions indicated a high degree of reproduci-
bility. The technique of using a patient as his
own control has been useful in the present studies
on the effect of motility and organomercurial ad-
ministration upon the transport of sodium from
the intestinal lumen to arterial blood.

4. Intestinal motility as reflected by jejunal
intraluminal pressure was simultaneously recorded
in 15 control tests of sodium24 absorption. There
was some correlation between the amount absorbed
and the amount of motor activity present. How-
ever, normal absorption occurred in several pa-
tients at a time when little motor activity was
present. It is concluded that intestinal motility
as here recorded probably does not play a critical
role in the absorption of isotopic sodium from an
isotonic saline solution in the normal small bowel.

5. The unidirectional transfer of sodium from in-
testinal lumen to arterial blood was significantly
decreased after propantheline administration in
eight patients. This reduction in absorption was
not prevented in six additional patients who re-
ceived propantheline and had artificial spread of
the sodium24 over 3 feet of jejunal mucosal sur-
face. These findings suggest that the inhibition
of intestinal motility which occurs after an ad-
ministration of an anticholinergic agent may not
be primarily responsible for the decrease in ab-
sorption.
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6. The effect of an organomercurial, mercapto-
merin, on the intestinal absorption of sodium24
has been studied in 11 convalescent patients. No
effect on the unidirectional transport of sodium
from the intestinal lumen to arterial blood was
present at a time when a mercurial effect on the
kidney was observed.
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