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INTRODUCTION

Recent advances in the study of human nutri-
tion indicate that a clinical deficiency of vitamins
or other food factors may occur not only because
of an inadequate intake or because of faults in
storage or in utilization within the body, but also
because of faulty absorption from the digestive
tract. Consequently an accurate, direct and quan-
titative method of estimating the absorption of
such substances in the human, under controlled
conditions, is urgently needed. Various technics,
including some developed in this clinic since 1934,
have been used as a basis for the method which
we will now describe and which seems to have
certain advantages over those previously employed.
At the same time, to illustrate the practical value
of the method, we will present certain observations
on its application to the absorption of ascorbic acid
from the duodenojejunal region of normal sub-
jects. The results have been of such a nature as
to suggest that the method is trustworthy and
applicable to the testing of other substances in
health and in disease.

PREVIOUS METHODS

The tests of absorption utilized in the past have been
inadequate for several reasons. In the procedures de-
pendent on the concentration of the substance in the
blood, such as Althausen's (1) galactose method, the
rate of withdrawal of the test material from the blood
for utilization, storage, and excretion cannot be controlled.
Balance studies of total intake against total output in the
feces fail to yield exact data on absorption because of
the uncertain influence of bacterial action on the test
substance in the bowel and of the possibility of its ab-
sorption and subsequent excretion into that organ. The
employment of intestinal intubation, as originally sug-
gested by Miller and Abbott (2), gives more direct data
on absorption, though such specific technics as have been
descrlbed (3 to 6) do. not permit the intestine to function
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normally or eliminate the possibility of certain quantita-
tive errors. The closed-loop intubation method (3, 4)
prevents the admixture of gastric, intestinal, hepatic, and
pancreatic secretions from above, which presumably is
necessary for normal absorption. The open-loop technic
of Groen (5), because of the amount of the substance
introduced at one time, distorts the ratio of volume to
area, thereby interfering with the normal absorptive mech-
anism. In these methods, also, the damming back of
large volumes of the test solution above the distal de-
limiting balloon often leads to an escape of some of the
material beyond the test area, particularly in the presence
of abnormal peristalsis associated with a diseased state.

CRITERIA OF A SATISFACTORY METHOD

To determine the absorptive power of the intestine for
a given substance, a s6lution of the latter should be
brought into contact with the absorbing surface under
conditions that duplicate insofar as possible those that
occur during the normal digestion of food: the motor and
secretory functions of the intestine should not be dis-
turbed and the concentration of the substance in solution
should be within the range of normal for that section of
the bowel. In order to insure such a physiological state
of the intestine, care should be taken to avoid any me-
chanical obstruction, such as a balloon above the area
under study, which might interfere with the normal
progress of peristalsis or a free flow downstream of the
secretions from the stomach, liver and pancreas. At the
same time a method of obturation of the distal end of the
intestinal segment should be chosen that will confine the
test solution to the area under study and yet not initiate
any unusual intestinal reaction. The chemical and physi-
cal characteristics of the material to be introduced, its
volume and its rate of flow should be within the range of
normal for the human as determined by such studies as
those of Karr and Abbott (7).

A satisfactory absorption technic should not only op-
erate within these physiological limitations, but also should
be a quantitative procedure. This requires the maximal
application of the test substance to a known area of ab-
sorbing surface. Since the concentration of the test
solution falls at a rate proportional to the rapidity of
absorption, such maximal application demands that a
shorter loop be used for studying the more rapidly ab-
sorbed substances. The absorptive period, furthermore,
should have a sharp starting-point, and also some means
should be provided for terminating the procedure abruptly
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at a fixed time and for withdrawing at that time all of
the substance remaining within the test area.

TECHNIC AND CHEMICAL METHODS

The principle involved is the maintenance of a con-
tinuous perfusion from above downward of a physiologi-
cally acceptable solution through the lumen of a selected
segment of small intestine, the functions of which are not
disturbed by the procedure itself. Any portion of the
bowel may be tested, but in our experiments the solution
was introduced through one lumen of a double-lumened
tube into the mid-duodenum (Figure 1, A'). Its rate of
flow was 10 cc. per minute, which conforms to observa-
tions made in this clinic on the rate of gastric emptying.
A concentration was chosen that would not produce intes-
tinal irritation and yet would approach the normal absorp-
tive capacity. From a point either 45 or 90 cm. down-
stream (Figure 1, B') the gut contents were withdrawn

SUCTION.
130 CK H0

FIG. 1. DIAGRAMTO ILLUSTRATE THE TECHNIC
EMPLOYED

through a suitable prolongation of the other lumen of the
double-lumened tube by continuous suction as fast as they
accumulated. Since the withdrawal capacity of the ap-
paratus was 175 cc. per minute, greatly in excess of the
possible rate of accumulation, a balloon at the distal end
of the tube (Figure 1, C) assisted in diverting the flow
but did not constitute an obstruction in the sense of pro-
ducing a pooling of intestinal contents.

The apparatus consists of a 90 cm. double-lumened
rubber tube, size 16 F, which has suitable fittings at the
upper end for connecting the larger lumen B to a col-
lecting flask and the smaller lumen A to a graduated
Mariotte bottle. The lower end of the larger lumen is
attached to either a 55 or a 100 cm. single lumen duo-
denal tube, size 12 F, which has multiple suction holes in
the distal 10 cm. A rubber balloon C is tied to the end
of the single tube but does not communicate with its
lumen. The inflation of this balloon is controlled by a
separate 1.5 mm. rubber tube which lies beside the larger
tubing but communicates only with the balloon C. The
intubation is performed in such fashion as to bring the
distal end of the double lumened tube within the trans-
verse portion of the duodenum. Thus a solution flowing
through lumen A enters the mid-duodenum at A' while
suction applied to lumen B constantly empties the intes-
tine of its contents as fast as they arrive, either 45 or
90 cm. lower down at B'.

An experiment began with a flow of the solution into
the duodenum (A') and the simultaneous withdrawal of
whatever material was present at the distal end of the
test area (B'). An interval of several minutes inter-
vened before the return flow began. The experiment was
abruptly terminated at the end of one hour by a cessation
of the perfusion and the immediate introduction of 30 cc.
of a 30 per cent solution of magnesium sulfate into the
upper end of the test area (A'). This cathartic served
to wash down all the contents and itself appeared in the
collecting bottle in from 1 to 4 minutes, as indicated by
the presence of carbon particles that had been injected
with it. Tap water at a rate of 10 cc. per minute for
one-half hour was then instilled at A', immediately fol-
lowing the magnesium sulfate injection, and the resulting
flow of fluid aspirated at B' was collected in 10-minute
fractions. The results obtained by the use of the 90 cm.
technic in measuring absorption from a 10 per cent glu-
cose solution over a period of 90 minutes are given as a
working illustration in Table I. The presence of only a
trace of glucose in the second 10-minute wash after the
magnesium sulfate injection reveals the completeness with
which the unabsorbed material may be removed.

For the determination of ascorbic acid in the blood,
oxalated specimens were mixed, centrifuged, and samples
withdrawn for analysis within a half hour after collec-
tion. The amount in the plasma was determined by the
titration procedure of Farmer and Abt (8, 9) and by the
photometric method of Mindlin and Butler (10). For the
ascorbic acid content of the urine and intestinal speci-
mens, samples were collected in flasks containing 10 cc.
of glacial acetic acid and then refrigerated until the
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TABLE I

The efficiency of the method as applied to the absorption of a
10 per cent solution of glucose from a 90 cm. segment

of duodenum and jejunum

Instilled at A' Withdrawn at B'
Time-_ _ _ _ _ - _ _

Volume Glucose Volume Glucose

minutes cc. grams cc. grams
0-30 300 30 265 13.8

30-60 300 30 310 16.7
60-90 300 30 320 19.8
90-93 30

(30 per cent MgSO4) 0 225 7.093-103 100103-113 100 0 60 trace
113-123 100 0 87 0.0
125-127 during removal of t'ube * 38 trace

Total gms. glucose injected 90.00
Total gms. glucose recovered 57.35
Total gms. glucose absorbed 32.65

* Represents results of continuous aspiration while with-
drawing tube after completion of experiment.

experiment was completed. Then the volume was meas-
ured and suitable aliquots were removed either for the
titration procedure or for dilution with 5 per cent acetic
acid for the photometric method.

RESULTS WITH ASCORBIC ACID

The absorption of ascorbic acid in one hour
from a 600 cc. solution containing 600 mgm. of
this vitamin was determined by this technic in 19
experiments on 4 normal human adult subjects.
To evaluate the effect of the previous ingestion of
ascorbic acid on its absorption, experiments were
performed on fasting individuals previously "sat-
urated" by the daily intake, in addition to a regular
diet, of 500 mgm. of ascorbic acid for one week
as well as on "unsaturated" individuals. In 13
experiments, the absorption was measured for a
segment extending 90 cm. beyond the instillation
point in the duodenum. In the remaining experi-
ments, the test segment extended only 45 cm. be-
yond the point of instillation. Because a water
solution of ascorbic acid in this concentration may
be sufficiently hypotonic to be irritating, as shown
in dogs by Dennis (11), physiological saline was
in some instances used as a solvent.

In Table II are given the results of 5 groups of
experiments performed under the various condi-
tions- just stated. The amount of ascorbic acid
absorbed by "saturated" and "unsaturated" sub-
jects was approximately the same when either a

TABLE II

The absorption of ascorbic acid from the duodenum and upper
jeyunum in the normal human adult as determined

by the described technic

Ascorbic acid
Ascorbic Length absorbed in

Status of acid inc Length o
1 hour

Sub- ascorbic acid fasing ofuper- Naltureofnutrition blood fused s
plasma segmenter

sq. m.

mgm. cm. 600 mgm mgm. mgm.
per cent in 6(0) cc.mm mm

Br unsaturated 90 watery 261 161
Hn unsaturated 90 watery 369 187
Hn unsaturated 0.9 90 watery 330 167
Cs unsaturated 90 watery 374 174

Br saturated 1.7 90 watery 349 215
Br saturated 1.3 90 watery 325 201
Cs saturated 2.0 90 watery 280. 132
Cs saturated 1.3 90 watery 252 119

Br saturated 1.0 90 saline 354 219
Br saturated 1.3 90 saline 232 143
Hn saturated 1.6 90 saline 253 128
Cs saturated 1.6 90 saline 253 119
Bt saturated 1.4 90 saline 188 132

Br unsaturated 0.4 45 saline 292 179
Hn unsaturated 0.9 45 saline 290 147
Bt unsaturated O.7 45 saline 197 139

Br saturated 1.2 45 saline 283 175
Hn saturated 1.1 45 saline 308 156
Bt saturated 1.1 45 saline 366 258

watery or a saline solution was used. Likewise
the tonicity of the test solution did not alter the
rate of absorption in the saturated individuals.
Furthermore, the absorption of this vitamin from
a segment terminated at 45 cm. beyond the point
of instillation was of the same degree as that in a
segment terminated at 90 cm. Although the ab-
sorption of ascorbic acid varied over a wide range,
i.e., 188 to 374 mgm., or 31 to 62 per cent of the
total injected, every subject absorbed an amount
in one hour far in excess of the optimal daily
intake of 100 mgm. as determined by Ralli et al.
(12). When calculated on the basis of surface
area, the amounts absorbed varied over an equally
wide range.

DISCUSSION

Our experience with this method emphasizes its
inherent advantages. Direct duodenal instillation
avoids the variability of gastric emptying and al-
lows the gut to fill and empty from above down-
ward. Absorption, therefore, takes place without
the participation of abnormal peristalsis, such as is
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initiated by the retrograde filling utilized in
Groen's (5) experiments. Continuous aspiration
above the point of obturation eliminates not only
the possibility of leakage but also the effect of
excessive distention on absorption. Furthermore,
the immediate withdrawal of the test solution dur-
ing the magnesium sulfate flushing terminates each
experiment quickly and cleanly, in contradistinc-
tion to the inadequate and time consuming pro-
cedures utilized in the other technics. The pliabil-
ity and small diameter of the tubing not only
make intubation relatively easy but also allow the
apparatus to pass into its proper position within
2 to 3 hours. The actual performance of the test
does not cause the abdominal pain and retching
which occur so frequently with the other methods.
We believe, therefore, that this technic may be
applied as a clinical procedure to any patient
capable of tolerating a duodenal tube.

The efficiency of the procedure as a quantitative
test is clearly illustrated by the experiment with
glucose (Table I).. Although the results with
ascorbic acid have shown a varying rate of ab-
sorption in the same individual under similar con-
ditions, this may have resulted from factors other
than the reliability of the method. One suspects
that, no matter how carefully the conditions of
the experiment are controlled, the effectiveness of
the gut as an absorptive organ actually changes
from time to time. The observation that sat-
urated individuals absorb the acid as well as un-
saturated ones was not unexpected, since the rais-
ing of the plasma level from 0.4 to 1 mgm. per
cent did not materially decrease the gradient be-
tween the concentration of the ascorbic acid in the
test solution and that in the blood.

The absence of a significant difference between
the amount of ascorbic acid absorbed from the 90
and from the 45 cm. loops respectively illustrates
the desirability of studying rapidly absorbed sub-
stances by a short loop. Maximal application of
the test substance probably did not take place in
the lower half of the 90 cm. segment, because of
the reduction in the concentration of the test
solution brought about by rapid absorption in the
upper half of the test area. It would seem, there-
fore, that, within the range of our experiments,
the absorption of ascorbic acid was related more
directly to the concentration of the test solution,

than to the area of intestinal mucosa that was
exposed to it.

From a clinical viewpoint, the significant ob-
servation is that the mucous membrane of the
upper small intestine has a relatively enormous
capacity for the absorption of ascorbic acid. If
one calculates the absorbing power of the entire
small gut for this vitamin from the figures we
have obtained for a 45 cm. segment over one
hour, it is obvious that from 20 to 40 grams can
be taken up within 24 hours. No exact data are
available on the rapidity of flow that would be
necessary to prevent the minimal required uptake
of ascorbic acid from intestinal contents contain-
ing an average concentration of the substance, but
it seems probable that a diarrhea to be capable
of producing scurvy would have to be of great
intensity.

CONCLUSIONS

By means of a modification of the intubation
technic previously introduced for the study of
human intestinal absorption, it has been possible
to satisfy certain additional physiological and
quantitative criteria. The application of the
method to ascorbic acid indicates that the capacity
of a short segment of the upper small intestine
for the absorption of that vitamin within one hour
is far in excess of the optimal daily requirement.
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