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EDITORIAL SYNOPSIS It should be emphasized as a result of this study that phenol red is an adequate
marker for a proven technique in studying intestinal absorption. Oral feeding was not studied.

Intestinal absorption may be defined operationally
as the complete disappearance of a substance from
the bowel lumen, and many recent studies are based
on this definition (Lundh, 1958; Schanker, Tocco,
Brodie, and Hogben, 1958; Borgstrbm, Dahlquist,
and Lundh, 1962). In such studies a reference
substance, which, it is assumed is not absorbed, is
also needed for the experimental measurement of
absorption. Polyethylene glycol (P.E.G.) and phenol
red are the most frequently used indicators that
have been investigated (Reynell and Spray, 1956;
Schanker et al., 1958; Wiggins and Dawson, 1961;
Jacobson, Bondy, Broitman, and Fordtran, 1963).
This paper compares data from the use of these two
molecules as unabsorbed indicators.

MATERIALS AND METHODS

The indicators were used for absorption studies with a
steady-state perfusion technique using a transintestinal
tube (Schedl and Clifton, 1963). Twenty-three normal
volunteer subjects, nine patients with non-tropical sprue,
and one patient with Whipple's disease were studied.
Perfusion solutions contained polyethylene glycol (P.E.G.)
(I g./l.) and phenol red (50 mg./l.) in a modified Ringer's
buffer (Schanker et al., 1958). Polyethylene glycol (from
a single lot of Carbowax 4000 (Carbide and Carbon
Chemical Corp., 270 Park Ave., N.Y.C.) was analysed
turbidimetrically (Hyden, 1955). Phenol red (phenol-
sulphonphthalein, Fisher Scientific Co.) was determined
in diluted alkalinized solutions by measuring optical
densities at 560, 520, and 600 mH with a Beckman DU
spectrophotometer (Schedl and Clifton, 1961). Polyethy-
lene glycol and phenol red in undiluted urine were
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similarly analysed. Urine was prepared for phenol red
analysis by adding 1 ml. of buffer (Schedl and Clifton,
1961) and one drop of concentrated NaOH to 10 ml. of
urine.

Polyethylene glycol and phenol red concentrations
were measured both in the solution perfused (initial
concentration, CI) and the samples (final concentration,
CF). The ratio CI/CF indicates volume in the bowel
lumen relative to volume infused under the steady-state
conditions during collection of the sample. During net
water absorption, CF of the indicator rises and the ratio
falls below unity. During net secretion into the bowel,
CF falls and the ratio becomes greater than one. Several
different solutions were perfused in succession. There were
half-hour washes with each solution before three or more
successive samples were collected for analysis. About
half the studies are from first, or 1, and half from non-
first, non-1, solutions. First and non-first solutions both
contained polyethylene glycol and phenol red, but the
non-first was preceded by a solution containing only
polyethylene glycol. During perfusion of both together
in the first solution, it may be assumed that both are
equally affected by dilution from secretions in the bowel
lumen. In a non-first solution, i.e., a polyethylene glycol-
phenol red solution perfused after a solution of poly-
ethylene glycol, phenol red could be diluted by a preced-
ing solution lacking it. This could occur even after
the half-hour wash with the polyethylene glycol-phenol
red solution that preceded collection of the sample.
There would probably not be any effect on polyethylene
glycol, since its initial concentration was the same in
both solutions. The CF of phenol red would be decreased
and the ratio CI/CF would be larger than for polyethylene
glycol. Since three or more successive samples were
analysed from the polyethylene glycol-phenol red solu-
tion, the pattern of both indicators could be determined.
If dilution by the previous solution not containing
phenol red appeared to be lowering the concentration of
phenol red relative to polyethylene glycol, such samples
were excluded, and as absorption of phenol red is more
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rapid in acid solutions, samples having a pH below
5 5 were not included.
The tabulated data are CI/CF for the two indicators.

First and non-first solutions are treated separately. Phenol
red-560 (P.R. 560) is from absorbancy at 560 mu; phenol
red ratio corrected (P.R.C.) is CI/CF calculated from
phenol red absorbancies measured at 520, 560, and
600 miz by the formula: corrected absorbancy = 560 -
1/2(520 + 600). This corrects for linear background
absorbancies in this region of the spectrum (Allen, 1950).

Urine was collected for the 18-hour period following
infusions in B.B., a patient with non-tropical sprue. The
individual specimens were analysed for phenol red.

RESULTS

Data in normal subjects for polyethylene glycol and
phenol red are compared in Table I. Individual and
population means and correlation coefficients of

TABLE I
COMPARISON OF POLYETHYLENE GLYCOL (P.E.G.) AND PHENOL RED (P.R.) IN NORMAL SUBJECTS

Number Means
of
Samples P.E.G.'

Correlations

P.R.C.2 P.R. 5603 P.E.G. with P.E.G. with
P.R.C. P.R. 560

25 1-06
3 1 00

22 0-88
36 0-96
22 1-25
17 0-89
20 1-17
19 1-18
30 0.99
14 1-02
11 090
1 1 1-12
2 1-18
6 0-81

46 0 97
6 0-88

42 0 90
5 1-02
5 0-92
3 0-88

83 0-97
6 094

19 0-82
16 0-96
9 0-88
27 0-96
39 0-80
29 0-87
6 0-76
9 0-91

47 091
12 099
24 1-08
41 0-84
22 0-76
51 0-85
404 0-95±

0-20'
0-46-
1-88

381 0-94±
0-13
056-
2-20

785 0-94±
0-17
0-46-
2-20

1-04
0-98
0-87
0-96
1 22
091
1 20
1-20
1-00
1-04
0-96
1-08
1-19
0-84
1-00
090
095
1-01
0-98
0-84
1-01
0-98
0-83
1-00
090
099
0-82
0-91
0-80
0-92
093
1-01
1-06
0-86
0-80
0-91
0-96±
0-19
052-
1-94
097±
0-13
057-
2-21

0-96±
0 16

1-00
0-96
0-86
094
1-09
085
1-16
1-13
0-98
1-03
095
1 00
1-14
0-84
1-00
090
095
1-01
097
0-84
1 00
091
0-83
0-99
0-89
0-98
0-80
0.90
0-80
094
0-92
099
1-03
0-86
079
0-89
094±
0-17
053-
1-56
0-96±
0-12
056
2-06
095±
0-15

0-52- 053-
2-21 2-06

'P.E.G. is the ratio of initial to final P.E.G. concentration.
2P.R.C. is the ratio of initial to final phenol red concentration using the three wavelength correction.
3P.R. 560 is the ratio of initial to final phenol red concentration measured at 560 mg.
4Too few samples for statistical calculations, but included in totals. If more than 10 samples in a group, correlations are given.
"All number with ± are means and one standard deviation of the population.

Subject,
Sex,
Age (yr.)

First (1) or
Non-first
Solution
(non-i)

L.B., male, 40

M.R., male, 41

O.T., male, 30

J.Ta., male, 25
A.W., male, 27

R.W., male, 35

R.S., male, 43

C.R., male, 25

R.Bu., male, 25

P.O., male, 36

H.E., male, 60

M.R., male, 41
J.Th., male, 44
R.L., male, 34
B.J., female, 44

S.H., male, 60

W.P., male, 61

C.F., male, 60
F.D., male, 52
E.C., male, 29
E.M., male, 24
S.D., male, 49
L.E., male, 27

Total
Sample

Non-1

Non-I

Non-i1

I
Non- I

Non-I

Non- I

lNon-i1

Non-i1

Non- 1

Non-l1
Non- 1Non-I
Non-I

Non-i

I

Non-I

Non-I

I

Range

Non-o-

1NandNn-

0-91
Footnote 4
085
0-78
0-96
0-96
093
0-83
090
070
0-85
0-69
Footnote 4
Footnote 4
0-72
Footnote 4
0-81
Footnote 4
Footnote 4
Footnote 4
0-84
Footnote 4
093
0-86
Footnote 4
099
097
094
Footnote 4
Footnote 4
0-83
044
0-89
093
0-92
090
095

0-91

0-94

073
Footnote 4
0-89
059
0-88
0-89
0-92
0-76
0-87
0-67
0-87
0-32
Footnote 4
Footnote 4
0-80
Footnote 4
0-83
Footnote 4
Footnote 4
Footnote 4
0-82
Footnote 4
093
0-87
Footnote 4
099
0-98
0-96
Footnote 4
Footnote 4
0-82
0-56
0-84
0-91
094
090
0-91

0-89

090

Range

160



Use ofpolyethylene glycol and phenol red as unabsorbed indicators for intestinal absorption studies 161

TABLE II
COMPARISON OF POLYETHYLENE GLYCOL (P.E.G.) AND PHENOL RED (P.R.) IN STUDIES OF MALABSORPTION

Number Means
Of

Samples P.E.G.'

Correlations

P.R.C.2 P.R. 5603 P.E.G. with P.E.G. with
P.R.C. P.R. 560

G.H., male, 60 Non-tropical
sprue

A.E., female, 60 Non-tropical
sprue

J.N., male, 69 Non-tropical
sprue

H.F., male, 55 Whipple's
disease

R.Bo., male, 44 Non-tropical
sprue'

R.Bo., male, 44 Non-tropical
sprue'

R.Bo., male, 44 Non-tropical
sprue

M.J., female, 80 Non-tropical
sprue

A.S., female, 58 Non-tropical
sprue

E.T., female, 36 Non-tropical
sprue

B.B., female, 27 Non-tropical
sprue

G.L., female, 60 Non-tropical
sprue

26 1-07 1-01 1-01 0-93 0 93

Non-i1

Non-i1

Non-I

Non-I

Non-I

Non-I

Non-i

Non-i

Non-i

Non-i

Non-I

19 1-14
21 0-97

1-12 1-10 0-96 0 97
0-98 0-97 0-82 0-87

8 0 90 0-98 0-89 Footnote 4 Footnote 4
10 1-06 1-03 1-02 Footnote 4 Footnote 4

6 1-25 1-18 1 11 Footnote 4 Footnote 4
16 1 15 1-15 1-12 0-89 0-78

3 1-04 0 95 0.95 Footnote 4 Footnote 4
18 1-02 1-05 1-04 0-92 0-91

9 0-89 0-87 0-86 Footnote 4 Footnote 4
25 0-78 0-82 0-81 0-96 0-94

12 1-05 1-08 1-07 0-82 0-78

6 1-05 1-05 1-02 Footnote 4 Footnote 4

6 0-96 0-98 0-98 Footnote 4 Footnote 4

8 1-21 1-20 1-20 Footnote 4 Footnote 4

51' 1-02 1-18 1-08 0 90 0-87

87 1*06 1*08 1 05 0-81 0-80
12 1*07 1*14 1-04 0 77 0-63

Range
Total sample

Non-I
Range

I and Non-I
Range

1, 2, 3, 4 and 5. See Table I for these footnotes.
'On cortisol therapy.
7After gluten-free diet.
"Data on B.B. omitted from population data.

158 1-06±0-20 1-06±0-21 1-03±0-20
0-64- 1-88 0-66-2-38 0-66-2-20

134 1-00±0-19 1-02±0-18 1-00±0-18
0 40- 1-63 0 43- 1-76 0 43 -1-83

292 1 03±0 20 1-04±0-20 1-02±0-19
0-40-1-88 0-43 -2-38 0 43 -2-20

0-81 0-82

0-91 0-89

085 085

first and non-first solutions are given. Standard
deviations and ranges for the population are also
given. The means for polyethylene glycol, P.R.C., and
phenol red-560 agree closely, and polyethylene
glycol, P.R.C., and phenol red-560 correlate closely.
Correlation of polyethylene glycol with P.R.C. is
probably slightly better than with phenol red-560,
at least in first solutions.
The same data for patients with malabsorption are

compared in Table II. The means for P.E.G., P.R.C.,
and phenol red-560 for individuals and groups
usually agree fairly well, although not as closely as in
the normal subjects (Table I). The population range
of data for phenol red extends to higher values
than for polyethylene glycol. Polyethylene glycol
and P.R.C. correlate more closely than polethy-

lene glycol and phenol red-560. In general, data for
P.E.G. and phenol red correlate fairly well but
not as closely as in the normal subjects. Data on
B.B. are not included in population statistics
because P.R.C. is about 15% higher than polyethy-
lene glycol.
Data on urinary phenol red excretion of patient

B.B. are in Table III. The first urine specimen,
collected about two hours after infusion, usually con-
tained only about 1 to 2% of the retained phenol
red (phenol red infused - phenol red recovered in
samples) at most. The second specimen, collected
several hours later, usually contained the largest
amount, with a progressive decline in subsequent
specimens. Total recovery in 18 hours averaged only
57y% of phenol red retained. There was no cor-

Subject,
Sex,
Age (yr.)

Disease First (1)
or Non-first
Solution
(Non-i)



Harold P. Schedl

TABLE III
RECOVERY OF PERFUSED PHENOL RED

(P.R.) IN URINE IN A PATIENT WITH
NON-TROPICAL SPRUE

Perjiusioni Site,
Distance From
Nares, (cm.)

63
76
80
136
152
167
204
222
281
310
332
337
346
367
369

P.R. Recovery'

% in Ist Urine Collection Total P.R. Recovery
Specimen Time, (hr.)2 in %3

05
1 2
0-2
1 0
0 7
18
I 8
2-2
17
1 5
I 8
0 3
0-6
17
0-2

19
15
1.1

1.1

14
12
16
12
13
1I5
16
I *3
09
14
13

4-6
6-0
7-3
8-8
3-5
6-4

11 8
5.9
3-8
4-8
3-7
3-8
8-3
5 0
1 8

'Recovery is expressed as percent of retained P.R. % Recovery
100 [P.R. in urine/(infused P.R. -P.R. in samples)]
2Collection time of 1st urine specimen voided after P.R. infusion.
3Recovery during the 18 hr. period following infusion.

relation between phenol red excretion and perfusion
site.

Analysis of numerous urine specimens from
normal subjects and patients after perfusion failed
to demonstrate polyethylene glycol.

DISCUSSION

Polyethylene glycol and phenol red are examples of
molecules that are poorly absorbed, but for very

different reasons. Polyethylene glycol is a hydro-
philic-lipophilic polymer composed of a population
of elongated molecules of high molecular weight.
The molecules are probably sufficiently lipophilic to
be absorbed (Shaffer, Critchfield, and Nair, 1950),
but their passage through the cell membrane is
limited by their size and shape (Shaffer and Critch-
field, 1947). Phenol red is a triphenylmethane dye
and the molecule is too large to pass through pores

in the intestinal membrane. Since phenol red is a

strong electrolyte and is lipid insoluble and hydro-
philic at the pH of the small bowel, it is slowly
absorbed. These diverse molecules are measured by
widely differing methods: P.E.G. turbidimetrically,
phenol red colorimetrically. It seemed of interest to
compare indicator data on two such widely differing
substances, as some insight into the validity of
using non-absorbed indicators, and the repro-

ducibility and reliability of indicator measurements
might thereby be gained.

In general the data on normal subjects (Table 1)
support the validity of using indicators in absorption
studies. The c!ose agreement between means and the

high correlations show that essentially the same
findings would be obtained from the use of either
indicator. In patients with intestinal malabsorption,
although the agreement of mean data is almost as
close (with the exception of patient B.B.), cor-
relation between the two indicators is not as high.
This suggests that, in addition to the usual technical
difficulties associated with absorption measurements
in such patients, there are also difficulties with
indicators.
The following considerations are important in the

interpretation of discrepancies between polyethylene
glycol and phenol red data: 1 analytical problems
posed by interference from coloured samples in
phenol red analysis, and 2, absorption of indicator.

1 COLOURED SAMPLES When samples are coloured,
the apparent CF is raised, and when phenol red-560
is calculated the ratio CI/CF is lowered. Samples from
perfusion often have a yellow colour acquired from
intestinal contents. The samples show an absorption
spectrum which is nearly linear over the range
520-600 m,i, with an upward slope toward shorter
wavelengths. Measurements at three wavelengths
correct for errors from the presence of such colours
in samples (Allen, 1950). Such interference would
give P.R.C. ratios that are higher than phenol red-
560 ratios. This is generally true for both normal
subjects and patients (Tables I and II). Assuming
that the data for polyethylene glycol do not suffer
from this source of interference because polyethy-
lene glycol is analysed in a colourless filtrate, the
finding that P.E.G. correlates better with P.R.C.
than phenol red-560 is also in accord with more
interference with phenol red-560 than P.R.C. Exam-
ination of the data, however, shows that no great
advantage is usually gained by the additional
measurements required to obtain phenol red ratio
corrected.
2 INDICATOR ABSORPTION A considerable body of
evidence supports the virtual non-absorption of
polyethylene glycol (Shaffer and Critchfield, 1947;
Sperber and Ekman, 1953; Jacobson et al., 1963).
There is general agreement that phenol red is
absorbed, but estimates of rate vary (Reynell and
Spray, 1956; Schanker et al., 1958; Pearson, 1958;
Wiggins and Dawson, 1961; Levitan, Bikerman,
Burrows, and Ingelfinger, 1963). Phenol red ab-
sorption, by lowering CF, would raise both P.R.C.
and phenol red-560 ratios. Thus, assuming P.E.G. to
be unabsorbed, the extent to which phenol red
ratios are greater than P.E.G. ratios gives an index
of phenol red absorption. Regardless of indicator
absorption, phenol red-560 values would be affected
by colour in samples. The greater the amount of
colour the lower phenol red-560 relative to P.R.C.
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In patient B.B. both P.R.C. (1 18) and phenol red-
560 (108) are greater than P.E.G. (1.02) (Table II),
which is consistent with phenol red absorption. The
P.R.C. was greater than phenol red-560, as expected
in the presence of coloured samples. Indicator
absorption was studied by analysing urine for
phenol red and polyethylene glycol, which was not
detected. Phenol red was always found, but total
excretion in 18 hours averaged only 5% of retained
phenol red (Table III). Usually less than 2% was
excreted in the first two hours. The largest portion
of phenol red was excreted in the second specimen
which was collected several hours subsequently.
Using this index of phenol red absorption, the
magnitude of the discrepancy between P.E.G. and
phenol red data in B.B. cannot be explained by
phenol red absorption. The general tendency for
slightly higher values for P.R.C. than for P.E.G. in
other subjects (Table I and II) can be explained by
the slow rate of phenol red absorption.

These studies support the use of P.E.G. and
phenol red as indicators for small intestinal perfusion
studies. More consistent data with the two indicators
are obtained in normal subjects than in patients
with malabsorption. In perfusion studies the stomach
is bypassed and a short segment of bowel is per-
fused under steady-state conditions. The total time
between entry and sampling when the indicator is in
contact with mucosa is relatively short. These
experimental conditions probably account for some
apparent discrepancies with previous findings with
phenol red. Thus, gastric absorption at the low pH
of the stomach converting phenol red to the un-
ionized form, as well as longer mucosal contact
time, are involved in a study reporting high urinary
phenol red excretion (Levitan et al., 1963). We also
observed phenol red absorption but the rate is slow
under the conditions of our studies. Our data agree
with the many reports that polyethylene glycol is
not appreciably absorbed. If absorbed into the
blood, circulating polyethylene glycol would be
excreted in the urine (Shaffer, Critchfield, and
Carpenter, 1948), and we have been unable to
demonstrate this either in normal subjects or in
patients with malabsorption. Polyethylene glycol is
the preferred indicator because it is less absorbed
and apparently not influenced by pH.

SUMMARY

Polyethylene glycol (P.E.G.) and phenol red were

compared as non-absorbed indicators for intestinal
absorption studies in man by using them together
in the same solution. With 785 samples from normal
subjects, data for P.E.G. and phenol red had a
correlation coefficient of 0.94 and the mean data
from the two indicators agreed within 2%. In 292
samples from patients with malabsorption, the
means agreed within 1 %, but the correlation coeffi-
cient was 0-85. Both indicators are suitable for
studies in normal subjects, although P.E.G. is
preferred. Discrepancies between the indicators in
patients with malabsorption are not explicable
solely by phenol red absorption or interference with
phenol red analysis by colour in the samples.
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