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groups of substances, the small protein fraction and the phosphate
compounds, were required for this initial rapid increase of serum y-globulin
in the lymph. Both groups remained after removal of the heat-coagulable
protein from the colostrum whey. Removal of one of them, or its omission
from the test solutions, altered the time course of the absorption.
The protein fraction by itself had little accelerating action on the

absorption of y-globulin; its presence was, however, essential for the full
effect of the phosphate compounds. It appeared to accelerate particularly
the initial stages in the absorption and in its absence the abrupt rise in
radioactivity of the lymph was replaced by a more gradual increase which
in a certain number of experiments reached the same final concentration
but after a much greater delay. From its properties on precipitation with
ammonium sulphate and other tests this protein fraction appears to have
a relatively small molecular weight and to be resistant to acid and possibly
alkaline hydrolysis. It is probably similar to if not identical with the
relatively low-molecular-weight protein fraction which Deutsch & Smith
(1957) found on electrophoretic examination was absorbed from the
colostrum and then rapidly excreted in the urine. While it is now possible
to ascribe a function to this protein fraction, the present experiments do
not explain the mechanism by which it accelerates the globulin absorption.
Three possibilities can be suggested to account for its effect. First, the
much more rapid solution of the bovine serum y-globulin in the presence
of this small protein fraction was very obvious during the preparation of
the test solutions. This suggests that it may act in a manner analogous to
that ofsurface-active agents and thereby enhance the absorption. Secondly,
the small protein fraction may combine with the mucopolysaccharide,
which is probably contained within the vacuoles described in the
intestinal epithelium (Smith, 1925; Comline et al. 1951 b; Hill & Hardy,
1956), and by doing so allow it to be discharged on the lacteal side.
Lastly, it may have an intracellular function not expressly connected with
the absorption of y-globulin. In the present experiments the method of
Laskowski & Laskowski (1951) for the isolation of the trypsin inhibitor of
colostrum has been used as a convenient method for the preparation of the
comparatively large amounts of protein required for testing, but there is
no evidence to suggest that the property of trypsin inhibition is essential
for the acceleration of globulin absorption.
The substitution of inorganic phosphate for chloride in the test solutions

enhanced the absorption. The effect, however, was slower in onset and
much more irregular than that of colostrum or its filtrates. Thus, although
in a certain number ofexperiments a similar final concentration ofabsorbed
protein to that of colostrum was reached, the abrupt rise in radioactivity
was always absent and the curve of absorption was moved to the right.
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Glucose-6-phosphate, which has been identified as the most abundant
component of the organic phosphate of colostrum whey, had little effect
by itself or in combination with inorganic phosphate but appeared to be
required for the full effect when the small protein fraction was included in
the test solutions.

Inorganic phosphate has been claimed to increase the absorption of
glucose in the adult (Magee & Reid, 1931), but the intestinal epithelium
of the new-born calf appears to be exceptional in the size of its response
to a supply of phosphate from the lumen. In contrast to this, convincing
evidence could not be found that a similar supply of glucose or lactose
from the lumen limited the rate of absorption, as may occur in the adult,
especially in experiments with isolated intestinal sacs (Smyth & Taylor,
1958). Further evidence is required before the action of the phosphate
compounds can be fully explained, buttheyprobably act onthe intracellular
metabolism ofthe intestinal epithelium to provide the energyforabsorption
or more specifically for the transfer of globulin across the epithelial cells.
This view is in accord with the theories of Verzar (1936). Whether other
tissues of the new-born calf, in addition to the intestinal epithelium,
require a similar supply of these factors in colostrum is a matter for
further experimental work.
An examination of the experimental results shows that the recombi-

nation of factors identified in the whey after removal ofthe heat-coagulable
proteins was never quite as effective as the filtrates; in particular the
initial rise in radioactivity was not as abrupt. Further work is required
before it can be decided whether this difference can be attributed to
partial inactivation of the small protein fraction during extraction or
to the need for another factor, such as a co-enzyme, which would enhance
the activity of the phosphate compounds.

Colostrum, typically, has a relatively low sodium and a high potassium
content. An extensive range of sodium: potassium ratios has not been
examined, but it is clear that the process of globulin absorption is much
more sensitive to the concentration of these cations than to that of either
calcium or magnesium, which appeared to have no appreciable effect.
An increased sodium concentration reduced the absorption, and the greater
recovery from the caecum in these experiments suggests that it did so by
preventing the entry ofthe globulin into the intestinal cells. This sensitivity
to sodium considerably increased the difficulties in the preparation and
testing of the various factors in the colostrum whey, especially that of the
small protein fraction, and care had to be taken to reduce the concentra-
tion of sodium in the final solutions to levels which would not interfere
with the absorption.
The sodium: potassium ratio of colostrum is closer to that of intracellular
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fluid than to that of serum, and this probably applies to other components
such as the phosphate compounds. This may be the explanation for the
relatively poor absorption of globulin when it was dissolved in adult serum
from which the heat-coagulable proteins had been removed. Whatever
the reasons, the observation is important in view of the attempts to use
serum as a substitute for colostrum in the new-born of certain species.
A histological examination of the small intestine was not undertaken

in the present experiments, but previous observations may help to interpret
the results. The absence of protein inclusion bodies in the columnar
epithelial cells in the older animal in which absorption ofglobulin no longer
takes place (Comline et al. 1951 b; Clark, 1959) suggests that the barrier to
it occurs at the lumen border through which the protein enters by micro-
pinocytosis (Clark, 1959). This would support the view that the factors in
colostrum which enhance absorption act primarily within the epitheial
cells after passage of the protein into them. Their effect could then be
expected to be limited to the restricted period following birth during which
the protein may cross the brush border. Further work is, however,
required to substantiate such an explanation.

SUMBARY

1. The absorption of unchanged y-globulin from the small intestine has
been examined in calves 4-17 hr of age by the use of bovine serum
y-globulin labelled with 1311. The results confirmed that y-globulin is
transferred in the lymph from the small intestine to the peripheral
circulation.

2. The rate and extent oftheabsorptionwereassessedbymeasurementof
the radioactivity ofthe lymph. When 1311 serum globulin was administered
into the duodenum in fresh colostrum whey, radioactivity began to appear
in the lymph after 80-120 min and reached a maximum value in about
200 min. Between 12 and 25% of the M3I-labelled protein was recovered
from the lymph within 300 min.

3. When 13I-labelled globulin was administered in a solution of sodium,
potassium, magnesium and calcium chlorides, the cations being at the
same concentrations as in colostrum whey, very little was absorbed.

4. The difference between whey and the chloride solutions has been
shown to be due to substances in the whey which remained after removal
of the heat-coagulable proteins by boiling at pH 5-4.

5. A protein fraction, probably of low molecular weight, has been
separated from colostrum whey. By itself this protein had little effect on
the absorption of 13I-labelled globulin, but if inorganic phosphate and
glucose-6-phosphate were added, in the concentrations normally present
in colostrum whey, the globulin was absorbed about as fast as from fresh
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whey. In the absence of this protein inorganic phosphate had a variable
and delayed effect on absorption and glucose-6-phosphate practically none.

6. Absorption from either the test solutions or from colostrum whey
was delayed by the addition of sodium chloride.

7. Filtrates prepared from milk whey or adult serum after removal of
heat-coagulable proteins were tested for their ability to enhance globulin
absorption. Those from milk whey showed considerable activity; those
from adult serum did not.

Part of the cost of these experiments was defrayed initially from an Agricultural Research
Council grant. We are greatly indebted to Mr S. L, Hignett for the colection of large quanti-
ties ofcolostrum, to Dr J. W. Black for help with the determination ofthe cations ofcolostrum
and to Mr A. Phipps for the supply of suitable calves. Our thanks are also due to Mr G. E.
Baker for technical assistance and to Miss J. E. Hardy for care in the preparation of the
manuscript.
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