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Progress report

Some factors influencing absorption rates
of the digestion products of protein and
carbohydrate from the proximal jejunum
of man and their possible nutritional
implications

Ideal requirements of dietary energy (calories) and protein and its amino-
acid ratio are difficult to determine'. At least one essential ingredient is
frequently present in an inadequate concentration in the diet of a vast propor-
tion of the world's human population. Ever since the demonstration in the
early 1930s by Dr Cecily Williams that kwashiorkor is associated with a low
protein intake and a low serum protein concentration, malnutrition in
tropical countries has been considered to be entirely dietary in origin.
Clearly that is an exaggerated view which has dominated the scene, and other
factors, especially malabsorption of dietary constituents, are also important
in the pathogenesis of malnutrition. In developing countries energy and
protein are often present in low amounts in the average diet. For example,
the majority of Zambian Africans live on a carbohydrate diet which contains
a marginally adequate amount of protein. The staple diet in most areas is
nshima, a porridge which is prepared from ground maize or millet2. Although
childhood malnutrition there is very common, adults are usually moderately
well nourished compared with those in many other tropical countries.
Throughout this report, which deals with intestinal absorption of carbo-

hydrates, amino acids and dipeptides, the technique used for measuring the
proximal jejunal absorption rate in a 30-cm segment involves a double-
lumen tube perfusion system, without proximal occlusion. The infused fluid
was introduced into the jejunum at 12.0 ml min-l. Below that rate siphonage
is difficult, and higher rates are undoubtedly unphysiological. Polyethylene
glycol 4000 was used as a non-absorbable marker. Although the repro-
ducibility of the method for solutes is good3 4'5 results for net water transfer
are generally less exact. In most of the studies cited, the concentrations of
mono- and disaccharides, amino acids and dipeptides in the perfusing fluid
were probably greater than are likely to be present at the luminal surface of
the enterocyte in the proximal jejunum of man, although there are very few
data on that in vivo6. Whether or not absorption rates in the proximal
jejunum bear a significant relationship to total absorption of dietary protein
and carbohydrate is not entirely clear. A significant correlation has been
demonstrated between the absorption rate of glucose from the proximal
jejunum, and the weight of D-xylose excreted after a 25 g oral load7. Simi-
larly, a significant correlation has been demonstrated between D-xylose
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absorption from a jejunal segment and its excretion after an oral load8. There
is also very limited information available on the amount of those solutes
which can be absorbed further along the intestine if they are not absorbed
proximally. Glucose is absorbed rapidly from the proximal jejunum in
Zambian African subjects, and there is evidence that only limited absorption
can occur further along the small intestine9g"0'11. Evidence exists that the
amino acid L-methionine is absorbed far more rapidly from the proximal
than distal small intestine of man'2. However, glycine seems to be well
absorbed further along the small intestine'3.

Systemic Bacterial Infections

Absorption of several dietary constituents is markedly influenced by intestinal
infections'4. The effect of systemic infections on absorption has, however,
only recently been explored.

Jejunal absorption rates of glucose have been determined during the
perfusion of 56, 139, and 278 mM solutions, all of which were rendered
isoosmotic with sodium chloride, in three groups of Zambian Africans.
They either had no clinical evidence of an infection, an acute systemic
infection (usually pneumococcal lobar pneumonia), or a chronic systemic
infection (usually pulmonary tuberculosis)7'15. None of the subjects studied
had clinical evidence of malnutrition or of gastrointestinal disease. At glucose
concentrations of 139 and 278 mM in the perfusing fluid the subjects with
infections had a significantly lower mean rate of glucose absorption (p < 0.05
and P < 0.02 respectively) than the subjects without infections. In similar
groups of subjects, the weight of D-xylose excreted after a 25 g oral load was
measured'.'"6. The mean weight of D-xylose excreted was significantly lower
in the groups with pulmonary tuberculosis (p < 0.001) and acute bacterial
infections (p < 0.05) than in the group with no evidence of an infection.
Glucose and D-xylose probably share the same transfer mechanism'7.

In another study'3 absorption rates of glycine were determined in three
groups of subjects, who were similar to those given glucose infusions, from
100, 150, and 250 mM perfusion solutions. In the group with acute systemic
bacterial infections (three of the four subjects were apyrexial at the time of
study) the mean absorption rate was significantly higher than in the group
with chronic bacterial infections and the reference group at the concentra-
tions tested. The explanation of that observation is not clear but it seems
likely that it represents an adaptive conservation of amino acids in the
presence of the high catabolic rate associated with acute bacterial infections.
The dipeptide glycylglycine uses a jejunal transfer mechanism which is

different from that used by glycine. That has been demonstrated in man in
vivol8. A large amount of evidence is now available suggesting that other
amino acids and peptides are also transferred largely by separate
mechanisms"' 20'2' ,22. The glycine absorption rate from a 50 mM glycyl-
glycine solution has been studied in three groups of Zambian African
subjects; one had no clinical evidence of infection, one had acute bacterial
infection, and one had chronic bacterial infection23. No significant difference
in the mean rate of absorption was demonstrated between the three groups.
That observation, together with that for glycine absorption rates in similar
groups of subjects'3, is entirely consistent with the presence of separate
transfer mechanisms for glycine and glycylglycine, and suggests that the
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Some factors influencing absorption rates in man

dipeptide pathway is less influenced by systemic stimulae than is that for the
amino acid.
Most indigenous subjects in tropical countries live very largely on carbo-

hydrate. It is possible therefore that these observations may have a nutritional
importance. In a highly developed community, an increased amino acid
absorption rate would be possible during an acute infection and would
produce the extra energy requirement. However, in an African or Asian
community the low amino acid content of the diet would preclude such an
adaptive response13. Energy intake from carbohydrate would be reduced
during the infection due to a reduced late of glucose absorption7. Systemic
infections would then be related to the production of malnutrition by way of
impaired absorption. In Uganda a close seasonal association has been
demonstrated between systemic bacterial and virus infections, as well as acute
gastrointestinal infections, and the time of onset of kwashiorkor24. Although
much of that association is likely to be mediated by the high catabolic rate
associated with the systemic infections, impaired absorption may also be
important. Since the rate of glycylglycine absorption is not increased in
subjects with bacterial infections, it seems possible that protein supplements
should be given to patients with infections in the form of amino acid rather
than peptide, even though in normal circumstances the former are absorbed
significantly more slowly than the latter.

Serum Globulin and Albumin Concentrations

A significant inverse association has been demonstrated in a group of
Zambian African subjects who had no clinical evidence of an infection or of
gastrointestinal disease between the glucose absorption rate (from a 200 mM
solution) from the proximaljejunum and serum total (p < 0.02) and gamma-
globulin (p < 0.01) concentration'1. Raised serum gamma-globulin concen-
trationsin most African subjects are probablylargely due to bacterial and para-
sitic diseases, especially intestinal parasites and malaria. A further study has
shown that the impaired glucose absorption rate in those subjects is inversely
related to serum IgG concentration but is not significantly related to IgM,
IgA, or IgD25. It seems likely therefore that the impairment in glucose absorp-
tion rate which has been shown to be associated with systemic infections7 is
more directly related to a raised serum gamma globulin, and more specifically
to a high serum lgG concentration. Whether a high gamma globulin-concen-
tration is associated with abnormal membrane transfer at other sites has not
been determined. For glycine, a significant positive relationship betweenjejunal
absorption rate (from a 100 mM solution) and serum total (p < 0.01) and
gamma-globulin (p < 0.05) concentration has been demonstratedl3. That
finding implements the demonstration of an increased glycine absorption
rate in subjects with acute systemic infections'3. No significant association
could, however, be demonstrated between serum globulin concentrations
and glycine absorption rate from a 50 mM glycylglycine solution23.

In an investigation in Lagos, Nigeria, it has been suggested, on limited
evidence, that subclinical malabsorption in Nigerian subjects is directly
associated with a low serum albumin concentration26. In Zambian African
subjects who had no clinical evidence of infection or gastrointestinal disease
no significant associations between absorption rates of glucose7 27, glycine'3 27,
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or glycylglycine23 27, and the serum albumin concentration have been demon-
strated.

Competition for Absorption between Amino Acids and Peptides and Glucose

In animal experiments in vitro, an interaction during absorption between
amino acids and monosaccharides was demonstrated nearly half a century
ago28 29 ,30. However, for glucose the nature of the mutual interference was in
some experiments an inhibition and in others a stimulation of absorption. In
two groups of Zambian African subjects a mutual inhibition between the
rates of glucose and galactose (200 mM) and glycine (100 mM) absorption
from the proximal jejunum has been demonstrated31. In that study perfusion
solutions contained the monosaccharide and the amino acid either alone or
together; each subject was therefore perfused with three solutions. The gly-
cine absorption rate was impaired by approximately one third by both
glucose and galactose; the degree of impairment of the monosaccharide
absorption rate by glycine was less. In a further study5 several different
concentrations of glucose and glycine were perfused either alone or together.
The glycine absorption rate from a 20 mM solution was shown to be de-
creased by glucose at a concentration of 200 and 280 mM by approximately
30%. However, when a solution containing lower concentrations of glycine
(10 mM) and glucose (100 mM) was perfused the degree of impairment of
glycine absorption rate was much less and did not reach statistical signifi-
cance. In that study there was also no significant impairment of the glucose
absorption rate by the low glycine concentrations. A similar impairment,
but to a lesser degree (19 %), of glycine absorption rate from the dipeptide
glycylglycine (50 mM) by glucose (200 mM) has also been demonstrated32.
The absorption rate of L-methionine, from a 100 mM solution, has been

studied in another group of Zambian African subjects33. Although the
presence of glucose (150 mM) in the perfusion fluid caused a reduction in the
absorption rate of L-methionine in six of the subjects, two others showed a
marked increase; the overall effect of glucose on the L-methionine absorption
rate was therefore not significant.
The mechanism responsible for the mutually inhibitive effect of glucose

and galactose on the glycine absorption rate from the jejunum is unknown.
That may be related to excessive demands on a common energy supply in the
jejunal mucosa34 or to an allosteric interaction at the surface of the brush
border35; both hypotheses have been suggested. Whether this observation
has a practical value in human nutrition is unknown; many more data are
required concerning the concentrations of monosaccharides, amino acids,
and peptides which are presented in vivo to the luminal surface of the entero-
cyte. It seems reasonable to suppose that any degree of impairment of amino
acid absorption in subjects living on a high carbohydrate diet with a mar-
ginally adequate amount of amino acid must assume importance.

Adult Hypolactasia

In northern Europe and north America, most adults maintain a high con-
centration of brush border lactase in the enterocyte into adult life. In most
of the world's adult population, however, hypolactasia is present in most
individuals36.

242 G. C. Cook
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Some factors influencing absorption rates in man

A very high incidence of adult hypolactasia has been reported in Ugandan
Africans37'38'39 but there are tribal differences in the incidence rates. Adult
subjects with a 'Bantu' ethnic origin have been shown to have an incidence
of approximately 90% of hypolactasia, whereas most of those with an Hami-
tic background have high concentrations of lactase and can absorb lactose
efficiently. Zambian African subjects belong to a large number of tribal
groups, but probably all have a 'Bantu' origin40. Adult hypolactasia has been
shown to be present in 100% of them41. In that study brush-border lactase
concentrations were determined and were very low, or absent, in the subjects
studied.
There is now overwhelming evidence that adult hypolactasia is not an

acquired condition, due either to lack of dietary lactose or some other
factor36, but is the normal state for all adult mammals, except most northern
Europeans and their descendants, and the Hamitic people of Africa, who
have consumed milk and milk products for several thousands of years. In a
recent study in Finland in which subjects with adult hypolactasia were used
as index cases, good evidence has been assembled that that condition is
inherited by a single recessive autosomal gene42. A suggestion has been
made that the high lactase concentration in most northern Europeans has
resulted from a selective advantage because it is associated with increased
calcium absorption in those population groups, which have been exposed
for many centuries to low ultraviolet radiation and a low dietary intake of
vitamin D43. However, that observation does not explain the very high
incidence of high lactase concentrations in the Hamitic tribes of east
Africa37 39. Lactose tolerance may merely be associated with the unspecific
nutritional advantage of milk which has been consumed by man in adult
life for probably only 4000 to 6000 years38.

In a recent study, kinetic curves for lactose absorption have been con-
structed in a group of six Zambian African adults, all of whom had hypo-
lactasia44. Lactose solutions (50, 125, and 250 mM) were infused into the
proximal jejunum. A very 'flat' mean curve was demonstrated, which is
shallower than that in European subjects with adult hypolactasia. There is
also evidence from that study that some lactose enters the enterocyte intact.
Glucose absorption from maltose (100 mM) takes place at a significantly
greater rate than from gluoose (200 mM) in Zambian African adults45; it is
possible that that observation also is partly explained by the absorption of
some intact disaccharide.

Absence of brush-border lactase in adult life in an individual subject is
unlikely to be associated with significant ill health. Intolerance to lactose or
milk is nevertheless extremely common in affected African and Asian subjects.
After seven to 10 days of regular daily milk intake (05 to 1 litre), however,
a marked degree of tolerance is acquired despite the fact that the brush-
border lactase concentration is not altered. The mechanism of that response
is unknown.

In Zambian African infants a high incidence of non-infective diarrhoea
has been demonstrated and that responds readily to stopping milk46. It
seems likely that that is partly due to an early fall of jejunal lactase to the
low adult concentration38. How often milk intolerance in those infants is
causally related to nutritional marasmus (energy malnutrition) is so far
unknown36 '8,4 '4

4
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244 G. C. Cook

Flat Oral Glucose Tolerance Curves and Impaired D-xylose Excretion Tests
in African Subjects

A flat blood-glucose curve after oral glucose (50 or 100g) and a low excretion
of D-xylose after a 25g oral load (<5g) are relatively common in African
subjects studied in Africa, although there is often no clinical evidence of
disease (Cook, G. C., personal observation). It now seems extremely unlikely
that the jejunal mucosal morphology of African subjects living in Africa,
which differs slightly from English subjects in England49, is responsible for
those abnormalities, even though the surface area of the jejunum is undoubt-
edly smaller than that of European subjects living in temperate countries.
The mucosa usually consists of broad, leaf-shaped villi with occasional
ridges and very rarely finger-shaped villi. In some Zambian African subjects
with jejunal morphology which is characteristic for African subjects49, the
glucose absorption rate7 and D-xylose excretion after a 25g oral load16 are
identical to results obtained in European subjects in the United Kingdom.
Although the perfusion rate used in the glucose absorption studies presently
cited was lower than in a study on English subjects in England3, the mean
kinetic curve in the Zambian African subjects without infection was con-
siderably flatter7. Many Africans have a high serum gamma globulin which is
usually due to an elevated serum IgG. That has been associated with im-
paired glucose and D-xylose absorption25. It seems likely, therefore, that the
frequent occurrence of flat oral glucose tolerance curves and abnormal
D-xylose tests in African subjects is associated with that observation.

Further studies are in progress to assess the effect of malnutrition on the
absorption rates of glucose, glycine, and glycylglycine and the xylose excretion
test in adult Zambian African subjects.

G. C. COOK'
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