
Archives of Disease in Childhood, 1989, 64, 930-933

In vivo distribution of human milk leucocytes after
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SUMMARY The in vivo distribution of enterally administered human milk leucocytes labelled
with indium hydroxyquinoline (1"'in) was studied in premature baboons. The animals were killed
at 72 hours of age and tissue samples examined for radioactivity. Maximum activity was found in
the luminal contents, and activity in the liver and spleen was higher than in bone marrow, the site
where free isotope is normally deposited. These findings suggest that some intact milk leucocytes
may cross from the gastrointestinal tract into the neonatal circulation. Also the high activity in
gastrointestinal tissue that had been washed several times indicates that leucocytes adhere to
mucosa or lie intramurally. We speculate that the presence of leucocytes in the gastrointestinal
tract 60 hours after a single breast feed can provide an important defence mechanism against
infection.

Research continues to show the scientific benefits of
breast feeding.' These benefits are not limited to
nutritional elements alone, as breast milk contains
many active immunological components including
immunoglobulins and numerous cells.2 By transfer
of these factors, breast feeding has been implicated
in maintaining immunological homoeostasis in the
neonatal intestine durin the period of immaturity
of the immune system.
Although the presence of functioning leucocytes

in milk has been shown in vitro by various
investigators,7-9 their in vivo function after ingestion
by the newborn has not been widely studied..There
is also a lack of information about their migration
pattern. The present investigation was designed to
study the distribution and migration pattern of
human milk leucocytes in the gastrointestinal tract
of premature newborn baboons.

Material and methods

The study was approved by the Institutional Review
Board and Animal Care Committee. In our labora-
tory a baboon fetus delivered at a mean gestational
age of 140 days (normal gestation period 184 days)
has been used to study hyaline membrane disease;
details of the preparation of the animals have been
previously described. 10 We therefore used the
existing animal model to study the kinetics of human
milk leucocytes.

Animals were delivered by caesarean section at a
mean (SD) gestational age of 140 (2) days and were
anaesthetised with ketamine. A tracheostomy was
carried out for control of the airway and manage-
ment of secretions. The external jugular vein was
cannulated for infusion of fluids. Studies of human
milk leucocytes were started when the animals were
stable. Labelled cells suspended in phosphate buf-
fered saline were given through a nasogastric tube at
less than 12 hours of age. Animals received no other
feeds before or after the cells were given (table 1).

ISOLATION OF MILK LEUCOCYTES
Samples of human milk were collected by manual
expression from healthy mothers between two and
10 days after delivery and immediately processed
using modification of the technique of Ogra and
Ogra." The method for the separation of the
leucocytes is shown in table 2.

LABELLING OF LEUCOCYTES
The method for the labelling of the leucocytes is
shown in table 3.
Blood samples were obtained through an indwell-

ing central venous catheter at 0 and 72 hours.
Animals were killed at 72 hours and tissue samples
obtained from various organs. The degree of leuco-
cyte sequestration was determined by counting the
radioactivity/g of tissue and was expressed as multi-
ples of the activity in the blood.
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Table 1 Details of study in primate model Table 3 Labelling of leucocytes

1 Six premature baboons, delivered at 140 days' gestation, were 1 Aknownamountofindiumhydroxyquinoline(I"In)wasadded
stabilised and maintained alive for 72 hours to the suspension of washed human milk leucocytes

4, 4,

2 A suspension of labelled cells was fed through a nasogastric
tube at <12 hours of age

3 Serial samples of blood, urine, and meconium were collected
at 12 hour intervals

4,

4 Animals were killed at 72 hours of age and radioactive counts
performed on tissue samples obtained from liver, spleen, bone
marrow, and various parts of the gastrointestinal tract

Table 2 Isolation of milk leucocytes

1 Human breast milk was obtained from lactating mothers
<10 days' postpartum; 30 ml fresh sample was used for each
experiment

2 Milk was defatted by cold centrifugation at 400 g for 30 minutes

3 Supernatant with fat layer was aspirated and fat globules
removed

4 Cell buttons were agitated and washed three times in phosphate
buffered saline then resuspended in phosphate buffered saline

5 Total and differential counts were performed and cells tested
for viability with trypan blue staining

2 The suspension was incubated at room temperature for 30
minutes

4,

3 (a) Incubated cells were centrifuged at 400 g for 6 minutes
(b) Supernatant was removed and labelled 'wash'
(c) Cells were resuspended in 2 ml phosphate buffered saline

4 Indium hydroxyquinoline ("..In) activity was determined in
cells and wash, and labelling efficiency calculated as follows:

Bq in labelled cells
%= x 100

(Bq in cells and wash)

"'1In binds avidly with all blood cells, the following
data reflect activity of a mixed population of
macrophages and polymorphs. Mean (SD) labelling
efficiency with 1 1In was 46-8 (7)%. With this
technique, the dose of indium given to the animals
in labelled cells was in the range of 1-85 x 106 to 3-7
x 106 Bq.
The distribution of radioactivity in tissue samples

collected at necropsy is shown in table 4. Activity/g
tissue was expressed as multiples of activity in
blood. Maximum activity was found in gastric fluid
and meconium. Washed small intestine had the
highest radioactivity among tissue samples, followed
by the stomach and the large intestine. Bone
marrow had counts comparable with those in blood.
Liver and spleen, however, had counts significantly
higher than those in blood and bone marrow
(p<005).

Results Discussion

Seven animals were studied; one died on the second
day of the experiment and was excluded from
analysis. The four male and two female animals had
a mean (SD) birth weight of 550 (110) g and
gestational age 140 (2) days.
The yield of milk cells varied widely with a mean

of 5 x 106 (2 x 105) cells/ml. The predominant cells
were macrophages and polymorphonuclear leuco-
cytes, with a small proportion of lymphocytes. As

The white cells of human colostrum were first
observed in 1839 by the biologist and photographer
Alexander Donne, and rediscovered in 1966 by
Smith and Goldman. 12 Early colostrum contains the
highest concentration of cells ranging from 1-3 x
10 8 cells/ml. Toward the end of the first five weeks
of lactation the cell concentration drops to about 105
cells/ml.13 Cell counts obtained in our study were
within this range.
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Table 4 Radioactivity in specimens obtained from the
gastrointestinal tract and systemic tissues. The
radioactivity was measured as countslminutelg sample and
expressed as multiples of activity in blood

Mean (SEM) activity in countslminutelg sample

Gastrointestinal lumenal contents:
Gastric contents 202-0 (64.0)
Meconium 144-0 (37-0)

Washed gastrointestinal tissue:
Gastric tissue 22-4 (6-0)
Small intestine 142-0 (42-0)
Large intestine 12-4 (5-1)

Systemic tissues:
Liver 9-5 (4-0)
Spleen 9-1 (2-8)
Bone marrow 1-4 (0-23)

Blood (reference) 1-0

Numerous observations have been made about
the functional value of human milk leucocytes, most
of which have been based on in vitro studies. Milk
cells are actively phagocytic and microbicidal.8 9
Milk phagocytes adhere to and spread on glass.8 9 In
a recent study human milk macrophages were shown
to be motile in collagen gels.14 Human milk phago-
cytes elicit antibody dependent cytotoxicity,15 and
give a good metabolic response as measured by
chemiluminesence.16 Whether these in vitro
observations hold true in vivo conditions is not
known. Our study was designed to investigate the in
vivo distribution of milk leucocytes after ingestion
by newborn baboons, and three important findings
emerged; first, it is possible to use 'In as a marker
for human milk leucocytes; secondly, it is likely that
some milk leucocytes enter the systemic circulation;
and thirdly human milk leucocytes seem to persist in
the intestine for a long period after a single feed.
The radioactive tracer "'In labelled to a mixed

population of white blood cells has been used in
adults for the diagnosis of occult infections. 17-19 The
technique of labelling neutrophils with a gamma
emitting radionuclide was first evaluated in 1976 by
Thakur et al17 18 and has been used in patients since
then. The technique is based on the passive diffusion
of "'In chelated with 8-hydroxyquinoline. In pre-
vious studies investigators have used different
markers to study milk leucocytes,20 but "'In has not
been previously reported. In the present study,
using relatively small amounts we achieved about
50% labelling efficiency. The technique is compara-
tively simple and takes less than an hour. The
presence of transferrin and fat have been shown to
interfere with labelling'7; this effect can be mini-
mised by thorough washing of the cells.

Awareness that viable leucocytes are present in
colostrum and milk has stimulated interest in the
importance of these cells.21 Tests of skin grafting on
foster nursed rats and mice have provided circum-
stantial evidence that, in these species, leucocytes
may be transmitted naturally from the mother's
blood stream to the suckling's blood stream through
the milk.22 In the present study we have shown that
it is possible that some of the milk leucocytes
crossed the intestinal barrier of the premature
animal and entered its circulation. This speculation
stems from analysis of the systemic distribution of
"'In at necropsy. One might assume that the high
"'In activity found in liver and spleen could
represent free isotype. Although we did not have a
group of control animals that were given free
indium, our interpretation of the distribution data is
based on previous studies.17 19 23 24 "'1In does not
eluate from the living cells: after death of the cells
and release of the "' In it is bound to proteins such
as transferrin and is eventually deposited in the bone
marrow.23 Also, because plasma-'"In activity tends
to remain constant and persists after all labelled
granulocytes have disappeared from the blood, it
seems that organ activity reflects uptake of cell
bound "'In and not plasma "'In.24 The higher
activity in the liver and spleen than in the bone
marrow that we found is consistent with the distribu-
tion of the radioisotope when labelled leucocytes are
injected intravenously.25
Such a transfer of milk leucocytes into the

systemic circulation after breast feeding in newborn
primates has not been reported before, although
Beer and Billingham produced strong evidence that
it occurred in certain species of rats and mice.21

Neither the pH nor the enzyme content of the
infants' stomachs are likely to be harmful to the
ingested cells24 26; in our study the pH of stomach
contents was about 7-0. Also the high buffering
capacity of milk may be important in protecting its
cellular elements.

It has been suggested that breast milk has a
protective effect in necrotising enterocolitis and
other infectious diseases,27 but the mechanism of
protection is not clear. Kmetz et al have shown that
when newborn rabbits were fed labelled, viable
bovine leucocytes, the cells were found beneath the
epithelium of the mucous membranes of the
oesophagus and stomach. This apparent ability of
mothers to 'transplant' leucocytes naturally to their
young through the milk may play an important part
in preventing necrotising enterocolitis. In this study
we have shown that human milk leucocytes adhere
to mucosa or lie intramurally 60 hours after inges-
tion of a single feed. A recent investigation in which
the authors proposed that macrophages may pene-
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trate into mucosal sites for host defense supports
this view. 14 If this is true it would make a strong case
for the prophylactic administration of human milk
leucocytes separAted from the breast milk of lactat-
ing mothers to premature infants who otherwise
cannot tolerate enteral feeds. There is, however, a
risk if the donor is not the infant's biological mother.
A few questions still remain to be answered. We

used heterologous milk leucocytes; thus there is
difficulty in the interpretation of data on kinetics.
The difficulties encountered in conducting such
studies in human subjects are well understood, and
therefore a non-human primate was used. The
second question is whether the radioactivity mea-
sured in the gastrointestinal tract and other tissues
truly reflects the presence of intact human milk
leucocytes or leached "11In. Studies by Thakur et al
have shown that "'In binds firmly at intracytoplas-
mic sites, and is usually released only if the cell
dies.17 The released isotope would then be depo-
sited freely in tissues, especially the bone marrow.
The fact that a higher amount of radioactivity was
found in the liver and spleen and only a minimal
amount in bone marrow supports our hypothesis
that human milk leucocytes were intact. The
mechanism by which human milk leucocytes cross
from the gastrointestinal tract into the systemic
circulation has yet to be elucidated.
Based on these observations we speculate that

human milk leucocytes, once ingested, may remain
in the intestine for as long as 60 hours. Those cells
that cross the intestine reach sites of the reticuloen-
dothelial system, namely the liver and spleen. The
persistence of these cells in the intestinal tract for
long periods after a feed suggests the important
protective role of milk leucocytes.
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