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Intestinal perfusion studies in tropical sprue

1. Amino acid and dipeptide absorption

M. D. HELLIER, A. N. RADHAKRISHNAN, V. GANAPATHY, V. I. MATHAN,
AND S. J. BAKER

From the Wellcome Research Unit,' Christian Medical College Hospital, Vellore-632004, Tamil Nadu, India

SUMMARY Intestinal absorption of glycine 20 mmol/l, glycyl-glycine 10 mmol/l, glycine 10 mmol/l
plus L-leucine 10 mmol/l, and glycyl-L-leucine 10 mmol/l has been studied by intestinal perfusion
in 11 patients with tropical sprue and 10 control subjects. The patients with sprue had a significant
reduction in the rate of absorption of glycine from a 20 mmol/l solution, but there were no significant
differences in the absorption of the other substances. The failure to demonstrate any difference in
the absorption of these substances is probably related to their low concentration relative to the
maximum absorptive capacity of the intestine. In both groups of subjects the kinetic advantage of
glycyl-glycine absorption as compared with glycine absorption was maintained. When the dipeptides
were perfused, free amino acids appeared in the perfusate presumably by 'back diffusion' from the
mucosal cells. In the case of glycyl-L-leucine considerably more glycine and leucine were found in
the perfusate in patients with sprue than in the control subjects. There was no correlation between
peptide absorption and the concentration of total glycyl-glycine hydrolase and glycyl-L-leucine
hydrolase, measured as combined brush border and cytosol enzymes. The concentrations of these
enzymes were similar in both groups of subjects.

Tropical sprue has been defined as a syndrome of
small intestinal malabsorption of unknown aetiology
occurring among residents of, or visitors to, the
tropics. It has further been suggested that for the
diagnosis to be made there should be malabsorption
of at least two test substances (Klipstein and Baker,
1970). Various test substances have been employed
in the past, and the ability of patients with tropical
sprue to absorb fat, carbohydrate, and some vita-
mins has been extensively studied. However, because
suitable methods of testing are so few, very little
data are available about amino acid or peptide
absorption in this condition.
The aim of the present study was to investigate

amino acid and peptide absorption in patients with
chronic tropical sprue, using the quantitative
technique of intestinal perfusion.

Methods

SUBJECTS STUDIED
Eleven subjects with tropical sprue and 10 control
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subjects from the same socioeconomic group, and of
comparable age and sex, were studied. In all cases
the nature of the test was explained to the subjects
and their informed consent for the investigations
obtained.

All subjects were studied in a metabolic ward and
were given a standard diet containing 50 g of fat per
day. Before the perfusion studies they underwent a
period of assessment including daily faecal fat
estimation and repeated tests of xylose and vitamin
B12 absorption. Faecal fat was estimated by the
method ofvan de Kamer et al. (1959). Xylose absorp-
tion was tested by giving a 5 g dose of d-xylose and
measuring the excretion in the urine in the sub-
sequent five hours, by the method of Roe and Rice
(1948). Vitamin B12 absorption was measured using
an oral dose of 1 ,ug (05 ,uc) 57CoB,2 and measuring
the rise in serum radioactivity eight hours later-a
rise of more than 0-2% of the test dose per litre of
plasma being considered normal (Mathan et al.,
1973). Jejunal biopsies were obtained in all subjects
for enzyme studies and histological assessment using
a Crosby capsule (Crosby and Kugler, 1957).
The control subjects were either symptomless or

had minor vague complaints with no evidence of
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gastrointestinal disease. All had normal absorption
of fat and vitamin B12, but three had reduced excre-
tion of xylose (13, 17, and 22% in five hours). Their
jejunal biopsies were similar to those of apparently
healthy Indian subjects (Baker and Mathan, 1972).
The eleven subjects with tropical sprue had all

been ill for more than six months. At the time of
study all had diarrhoea with increased stool volume;
all had steatorrhoea with the excretion of from 8 to
19 g fat per day; all had xylose malabsorption and
excreted only 5 to 16% of the dose in five hours and
six had vitamin B12 malabsorption. Jejunal biopsies
all showed changes compatible with the diagnosis of
tropical sprue (Baker and Mathan, 1972).

PERFUSION STUDIES
Direct measurements of absorption were made using
a double lumen perfusion technique incorporating a
proximal occlusive balloon (Hellier et al., 1970). The
tube was passed on the morning of the test after an
overnight fast. Under radiological control the
infusion port was placed just distal to the duodeno-
jejunal flexure. The position of the tube was also
checked from time to time during the study.
The following four solutions were used: (1) glycine

20 mmol/l; (2) glycyl-glycine 10 mmol/l; (3) glycine
10 mmol/l + L-leucine 10 mmol/l, and (4) glycyl-L-
leucine 10 mmol/l. Amino acid and the equivalent
dipeptide solutions were chosen in order to compare
their relative rates of absorption. Solutions were
made up with 015M saline incorporating poly-
ethylene glycol (PEG 4 mg/ml) as a non-absorbable
marker. The osmolality in each case was approxi-
mately 300 m Osm and the pH was adjusted to 7-0.
Solutions were perfused in randomised order at
15 ml/min over a 30 cm segment. For each solution
after a 30 minute equilibration period, three 10
minute samples were collected. Samples were col-
lected on ice, and those for dipeptide analysis were
acidified to pH 1 to reduce any tendency for hydro-
lysis of dipeptide. Each sample was then centrifuged
to remove any debris and frozen at - 20°C to await
analysis. Polyethylene glycol was measured by the
method of Hyden (1955). Amino acids were
measured as copper complexes using a quantitative
paper chromatographic method developed in this
laboratory using 75% ethanol as the eluent (Das and
Radhakrishnan, 1973). Dipeptides were measured as
cadmium complexes, by a similar paper chromato-
graphic method, using 80% methanol as the eluent
and the spraying agent described by Atfield and
Morris (1961) (1).

Glycyl-glycine hydrolase and glycyl-L-leucine
hydrolase were estimated in mucosal biopsy frag-
ments by the spectrophotometric assay method of
Josefsson and Lindberg (1965) modified to achieve

optimal conditions by using a 50 mmol/l concentra-
tion of the substrates.

CALCULATIONS AND BACK-DIFFUSION
Details of the formulae for calculating absorption
have been described previously (Hellier et al., 1970).
During dipeptide absorption free amino acids
accumulate in the lumen. These arise to a variable
extent from brush border hydrolysis and back-
diffusion of amino acids from the cell after intact
dipeptide uptake, depending on the dipeptide. For
uniformity in calculating absorption, free amino
acids are treated as though they resulted from
hydrolysis of dipeptide before dipeptide uptake and
an appropriate correction made to dipeptide
absorption rates to allow for this. Treating the data
in this way tends to underestimate dipeptide
absorption.

Results

The results of individual tests are shown in Fig. 1.
The mean absorption rates for 20 mmol/l glycine
were significantly lower in the sprue group than in
the controls, whereas with all the other solutions
there were no significant differences in absorption
rates. In the patients with sprue there was no cor-
relation between these absorption rates, the results
of xylose and fat absorption studies, or biopsy
changes.
When absorption of glycine from a solution of the

amino acid was compared with absorption from a
solution of the dipeptide glycyl-glycine, absorption
from the latter was greater in all except two indi-
viduals (Fig. 2). The mean kinetic advantage for
glycine from the dipeptide solution was 30% in the
control subjects and 34-5% in the patients with
sprue. In both groups there was no kinetic ad-
vantage for either glycine or leucine as the dipeptide
glycyl-L-leucine, when compared with an equimolar
mixture of the free amino acids.
The appearance of amino acids in the aspirate

during the perfusion of glycyl-glycine and glycyl-L-
leucine is shown in Fig. 3. In the case of glycyl-
glycine 10 mmol/l the appearance rates of glycine
were similar in the two groups, though the mean rate
was lower in the tropical sprue groups. However, in
the case of glycyl-L-leucine the amounts of both
glycine and leucine appearing in the perfusate were
much greater in patients with tropical sprue, the
difference being statistically significant (p < 0-025
and < 0 01 respectively). In both groups the amount
of leucine in the aspirate was very much less than
that of glycine.

Dipeptidase levels for both dipeptides studied
were measured in jejunal biopsies in eight of 10
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Fig. 1 Absorption of (1) glycine (20 mmol/l), (2) glycyl-glycine (10 mmol/l), (3) a solution containing glycine
(10 mmol/l) and leucine (10 mmol/l) and (4) glycyl-L-leucine (10 mmolfl). For each solution absorption is compared in
normal Indians (N) andpatients with tropical sprue (S). Absorption is expressed in mmol/l ofamino acid or dipeptide
h-1 30 cm-' and P values for the differences between the groups are given at the bottom of the figure.
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Subjectsj L Sprue J

Fig. 2 Glycine absorption from a 20 mmol/lfree
glycine solution compared with its absorption from a

10 mmol/l glycyl-glycine solution in normal Indians and
patients with tropical sprue. Absorption is expressed in
mmol/l ofglycine absorbed per hour per 30 cm segment.
P values for the differences in the groups are given below
the figure.

normal subjects and 10 of 11 patients with tropical
sprue (Fig. 4). The mean enzyme levels for the two
dipeptidases were almost identical in both groups.

Discussion

GLYCINE MALABSORPTION
Butterworth et al. (1958) tested glycine absorption
in patients with tropical sprue by giving a 25 g oral
load and studying plasma glycine concentrations.
Their results suggested impairment of glycine ab-
soption in the upper intestine. This is confirmed by
the present study, using a more direct technique for
measuring intestinal absorption.

APPARENT SIMILARITY BETWEEN PATIENTS
WITH SPRUE AND CONTROLS
When the patients with sprue were compared with
the control subjects with respect to xylose, fat, and
vitamin B12 absorption, and intestinal biopsy find-
ings, there was a clear-cut difference between the two
groups. It was therefore surprising that with glycine
20 mmol/l there was considerable overlap between
the two groups and with the other substances there
were no detectable differences. The results of per-
fusion studies depend specifically on mucosal
function, whereas fat, xylose, and B12 absorption
tests are indirect indicators of absorption which may
be influenced by multiple factors, apart from
mucosal damage. It is therefore possible that there
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FROM FROM FROM sorption in the sprue patients is due to factors other

GLY - GLY GLY - LEU GLY - LEU than disordered mucosal cell function, which seems
improbable.

Alternatively the 'loads' presented to the intestinal
mucosa in these perfusion studies may be inadequate

o fully to stress the mucosal amino acid and peptide
. transport mechanisms. The fact that in the present
v study perfusion with a 10 mmol/l solution of glycine,

albeit in the presence of leucine, did not show a
o . significant difference between the two groups whereas
4 Ii . a 20 mmol/l solution did, supports this hypothesis.
° ' A similar phenomenon occurs, for example, with
8 * . 8, xylose absorption. When a xylose test is carried out

ow : with a 1 g dose instead of a 5 g dose, the test fails to
N N Nseparate normal subjects from those with tropical
\ s/s 7~Is sprue (Baker, personal observation), while a 25 g
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fappearance offree glycine and abnormal subjects than a 5 g dose (Joske and
umen during perfusion ofgly-gly and Haagensen, 1964; Rinoldo and Gluckmann, 1964).
idians andpatients with tropical sprue. Silk et a!. (1974) studied amino acid and peptide
Ferences between the groups are given absorption in patients with coeliac disease. They
ppearance rate is expressed in perfused a 10 mmol/l solution of glycyl-L-alanine

and an equimolar mixture of the amino acids. They
GLY - GLY GLY - LEU found that the absorption of glycine and L-alanine,
HYDROLASE HYDROLASE when presented as amino acids, was significantly

3 reduced in their patients and controls. However, as
in the present study, dipeptide absorption was not

o significantly reduced even in subjects with extensive
S mucosal damage. On the other hand, Adibi et al.

0 0 * - 2 (1974) studied five patients with probable coeliac
So sprue and found a marked reduction in the rate of

o .. glycyl-glycine and glycyl-L-leucine absorption as

0 i . - l compared with control subjects. These investigators,
o eg however, used a 50 mmol/l concentration of the di-

peptide providing a greater 'stress' to the damaged
mucosa.

n
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Fig. 4 Glycyl-glycine and glycyl-L-leucine hydrolase
levels in jejunal biopsies from normal Indians and
patients with tropical sprue undergoing perfusion.
Enzyme activity is expressed in units per ng protein.
P values for the differences between the groups are given
below the figure.

is little difference in the impairment of mucosal cell
function in the sprue patients when compared with
the controls. The results of perfusion tests in these
control subjects have already indicated impaired
absorption when compared with normal Western
subjects (Hellier et al., 1976) and it is possible that
the more marked structural changes in sprue
(Mathan et al., 1975) are not accompanied by
significantly greater functional derangement. This

KINETIC ADVANTAGE OF GLYCYL-GLYCINE
The relative sparing of glycyl-glycine, as compared
with glycine absorption in the present study, means
that the relative kinetic advantage of glycyl-glycine
absorption in subjects with sprue is greater than in
normal subjects. A similar observation was also
made by Adibi et al. (1974) in three patients with
coeliac disease. These observations underline the fact
that either there are different transport systems for
the dipeptide and amino acid or, if the same trans-
port system is involved, the system must be more
active for glycyl-glycine than for glycine absorption,
so that when the transport system is progressively
damaged it shows up first in the transport of glycine.

APPEARANCE OF AMINO ACIDS IN LUMEN
DURING PERFUSION
In this study there was no significant difference
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between the two groups in the amount of glycine
appearing in the aspirate when glycyl-glycine was
perfused, but when glycyl-L-leucine was perfused,
both free glycine and leucine accumulated within the
lumen in tropical sprue patients at approximately
twice the rate seen in control subjects. These two
dipeptides are handled differently by the normal
mucosa. Glycyl-glycine is absorbed almost entirely
as the intact dipeptide and is readily detectable
within the tissue (Matthews et al., 1969; Peters and
MacMahon, 1970). On the other hand, glycyl-L-
leucine is rapidly hydrolysed, probably mainly at the
brush border (Fern et al., 1969) but also intracel-
lularly; the specific activity of glycyl-L-leucine
hydrolase is very high in the mucosa and intact di-
peptide cannot be detected within the tissue in
normal circumstances.

In the study of Silk et al. (1974) a similar increase
in free amino acids in the perfusate was noted when
glycyl-L-alanine was perfused in subjects with partial
villous atrophy due to dermatitis herpetiformis. This
dipeptide like glycyl-L-leucine undergoes more rapid
hydrolysis than glycyl-glycine.
The increased accumulation of amino acids in the

perfusate could result from intraluminal hydrolysis,
but there is evidence that this does not occur to any
significant extent (Matthews et al., 1969; Adibi,
1971). It is theoretically possible that increased
hydrolysis occurred at the surface of the brush
border in the patients with sprue, but this seems
improbable, since in patients with sprue the brush
border often shows morphological damage (Mathan
et al., 1975) and other brush border enzymes are
decreased (Swaminathan et al., 1970). A more likely
explanation, in the presence of quantitatively
normal enzymes, is that, once the dipeptide is in the
cell, it is hydrolysed and 'back diffusion' of amino
acids out of the cell is increased. This could result
either from increased permeability of the luminal
surface of the cell to the amino acids, or impairment
of onward movement of amino acids across the
serosal pole of the cell leading to a build up in their
intracellular concentration with consequent in-
creased 'back diffusion'. In support of this latter
suggestion are the electron microscopic studies in
tropical sprue showing thickening of the basement
membrane region and accumulation of fat at this
site, suggesting impairment to onward movement of
lipid (Mathan et al., 1975).

ENZYME CONCENTRATIONS
There was no correlation between the concentrations
of glycyl-glycine hydrolase or glycyl-L-leucine
hydrolase and dipeptide absorption rates. There
were also no significant differences between enzyme
concentrations in the patients with sprue and those

in control subjects. This contrasts with disac-
charidase levels where a significant reduction is seen
in tropical sprue (Swaminathan et al., 1970). How-
every, it should be emphasised that the enzyme
measurements employed in this study were of 'total'
enzyme content, 90% or more of which is intra-
cellular dypeptidase. It has not yet been possible
separately to measure pure brush border dipep-
tidases as distinct from those occurring in the
cytosol in biopsy specimens. If the dipeptidases are
concerned with dipeptide transport, it will pre-
sumably be those in the brush border which are
more likely to correlate with peptide uptake.
Furthermore, the already known reduction of disac-
charidases in sprue suggests that the brush border
dipeptidases might be affected even though the total
dipeptidases as measured in this study are normal.
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Endowment Fund, St. Thomas' Hospital, London.
We wish to thank Dr Anne Gammon, Mr R. Jacob,
Miss K. M. Roshini, and Miss N. Indirani for
technical help.
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Notes and activities

Notes and activities
Oxford Course in Postgraduate Gastro-
enterology

For the fifth year running, there will be a
three day course on postgraduate gastro-
enterology in Oxford, 9-12 January 1977,
for consultants and registrars, including
those not specialising in gastroenterology.
On this occasion, there will be four main
topics: drugs and the liver, surgical prob-
lems with the bile duct, bile reflux and its
consequences, and cancer of the large
bowel. In addition, there will be a group of
lectures on miscellaneous topics, such as
viral gastroenteritis, Yersinia infections
and the carcinoid syndrome. Anyone
interested should apply to Dr S. C.
Truelove, Nuffield Department of Clinical
Medicine, Radcliffe Infirmary, Oxford.

American Association for the Study of
Liver Diseases

A postgraduate symposium on viral
hepatitis will be held on 3 and 4 November
1976, at Hyatt Regency Chicago, Chicago,
Illinois, USA. Details may be obtained
from AASLD Symposium, c/o Charles B.
Slack, Inc. 6900 Grove Road, Thorofare,
N.J. 08086, USA.

Notes on books
The Principles and Practice of Diagnostic
Enzymology by J. Henry Wilkinson. (Pp.
592; illustrated; £17-50) Edward Arnold:
London. 1976. The extensive use ofenzyme
activity estimations as aids to the diag-
nosing of disease is one of the most
impressive developments in modern
medicine. This book will be the major
source for reference in this field and will
be needed in every hospital library. The
liver, hepatobiliary tract, and alimentary
tract are covered in depth, and the book
will be consulted by gastroenterologists
as well as by clinical biochemists.

Actinomycosis by Marcell Bronner and
Max Bronner. (Pp. 355; illustrated;
£8-00). John Wright: Bristol. 1971. This
extensive survey of actinomycosis is
primarily concerned with oral manifesta-
tions but the wealth of background
information both in man and the animal
world makes it a book worth having in
general hospital libraries as a constant
reminder to include this diagnostic
possibility in abdominal problem cases.

Modern Stoma Care. Edited by Frank C.
Walker. (Pp. 193; illustrated; price £8-00).
Churchill Livingstone, Edinburgh. 1976.
This book provides a comprehensive
account of the management of the three
main abdominal stomata. It gives details
of the support provided by the community
health services, together with specialised
advice on the problems of skin care, the
choice of appliance, the organisation of
stoma clinics, and requirements of stoma
therapists. Each section has been compiled
by experts in the field and is based on
personal experience and research. The
information it contains will be of use to
the doctor, nurse, and stoma therapist, as
well as patients obliged to live with a
permanent stoma.

Taking the Rough with the Smooth.
Dietary Fibre and Your Health-a New
Medical Breakthrough by Andrew Stan-
way. (Pp. 255; £3050). Souvenir Press:
London. 1976. This book is of equal
interest to the general public and to the
profession. The evidence for taking less
sugar and more unrefined cereal in the
diet has become impressively strong. A
paperback edition will be forthcoming
and this will enable it to reach a wider
audience. In the meantime, all concerned
with instructing students and paramedical
staff should have a copy available.

Correction
'Intestinal perfusion studies in tropical
sprue' by M. D. Hellier et al. (Gut, 1976,
17, 511-516).
The authors regret that the headings

in Fig. 4 were transposed.

Authors who wish to have their manu-
scripts acknowledged are asked to enclose
a stamped addressed postcard or an inter-
national reply coupon.
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