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Abstract. Maternal milk is a significant source of hormones and other bioactive
substances. They might be involved either in the control of mammary gland func-
tion or in the regulation of growth and development of the neonate. Atriopeptin
(atrial natriuretic factor, ANF) is a peptide with strong diuretic, natriuretic and
vasorelaxant actions, and it has been suggested to play an important role in the
circulatory adaptation to extrauterine life. The aim of this study was to determine
whether ANF is present in maternal milk, using radioimmunological analysis. The
levels of ANF-like substance in human milk were found to be in the range of 0.3—
3.0 pg/ml. those in rat milk between 37-117 pg/ml. The measured concentrations
of ANF were proportional to the volume of the extracted milk. Serial dilutions of
the extracts yielded curves which were not totally parallel to the human a-ANF
standard curve. Qur data indicate that. during the first days after delivery, ANF
levels in human milk are higher than those in later periods of lactation. This pilot
study provides the first description of the presence of atriopeptin in milk. Though a
detailed characterization of milk ANF-like immunoreactivity is needed. a biological
significance of present findings seems possible.

Key words: Atrial natriuretic factor — ANF — Maternal milk

Introduction

In addition to supplying nourishment, the mammary gland is thought to provide
regulatory factors to support the growth and development of the neonate (Strbak
1985). Breast milk contains a variety of hormones, growth factors and other bioac-
tive substances present in the maternal organism. Concentrations of some of the
hormones or growth factors in milk exceed those that occur in maternal plasma.
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Other substances appear in milk in a form different from that found in mater-
nal seruni, indicating synthesis or posttranslational processing by mammary tissue
(Grosvenor et al. 1992).

It is suggested that the biocactive substances in milk possess important phys-
iological functions. These substances, and growth factors in particular, may be
involved in the control of growth and secretory functions of maternal mammary
tissue, such as the maintenance and cessation of lactation (Schains 1994). In the
neonate, milk hormones may function in the regulation of growth, development,
and maturation of the gut, the immune system, and several neuroendocrine sys-
tems (Grosvenor et al. 1992).

Of the hormones detected in milk many are of protein or peptide nature,
however, no data are available on the presence or absence of atriopeptin (atrial
natriuretic peptide or factor, ANF). Atriopeptin is a hormone originally isolated
from the heart, with strong diuretic, natriuretic and vasorelaxant actions. Though
the major actions of this hormone are related to fluid and electrolyte homeostasis,
it has a significant impact on various neuroendocrine functions (Samson 1990).
Moreover, atriopeptin is suggested to play an important role during early human
development (Semmekrot and Guignard 1991). The present pilot study was aimed
at verifying the hypothesis that atriopeptin is present in the breast milk. First
positive data obtained by analysis of human milk were published in an abstract
form (Jezova et al. 1994Dh).

Materials and Methods
Human mulk

Samples of breast milk weie obtained fiom 6 lactating women aged 21-30 years.
at different times after the childbirth (844 days). The volume of the individual
milk samples varied between 5 and 18 ml. The samples of milk were kept on ice,
subjected to ultracentiifugation (100,000 x g) for one hour, and the infranatants
were stored frozen at —20°C until analyzed.

The extraction of atriopeptin from milk infranatants was performed with the
use of Sep-Pak (15 cartridges which were activated by methanol (25 ml) and washed
with distilled water (25 ml). Different volumes of milk infranatants (35 ml; 1 part)
were applied into disposable syringes placed on the cartridges, immediately followed
by the application of 4 parts of ice-cold 4% acetic acid. The cartridges were rinsed
with 2 ml of normal saline and 6 inl of water. The elution was performed with
2 x 2 ml of 75% methanol in 1% trifluoroacetic acid. The eluates were evaporated
to dryness in a Speed Vac concentrator, and stored frozen (—20°C).

At the time of analysis, the extracts were reconstituted in 250 ul of assay buffer
and assayed in duplicates. A part of reconstituted extracts was pooled and used to
prepare serial dilutions. Concentrations of atriopeptin immunoreactivity were mea-
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sured by a radioimmunoassay for human ANF using commercial kits (Amersham,
Buckinghamshire, UK).

Rat malk

Milk was obtained from lactating females after intramuscular administration of 5
IU of oxytocin under ether anesthesia, 10-14 days after the delivery. Milk sampled
from 2-3 rats was pooled with resulting volumes of 0.8 to 1.6 ml. The samples
of rat milk were handled, centrifugated, stored and extracted in the same way as
described above for human samples.

To measure atriopeptin immunoreactivity in milk extracts, a radioimmunoas-
say for rat ANF developed in collaboration with Prof. C. Oliver (Lab. Neuroendocr.
Exp., INSERM U 297, Marseille, France) was used. The antiserum was generated in
rabbits against synthetic rat ANF coupled to bovine serum albumin with carbodi-
imide and the assay was performed as reported previously (Jezova et al. 1994a).
The radioactive tracer was prepared by labelling rat ANF (1-28) purchased from
Peninsula with 12°I, obtained from Amersham and purified by Sep-Pak chromatog-
raphy. The second antibody technique was used for separation of free and bound
fractions.
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Figure 1. A typical standard curve of human o-ANF (¥) and dilution curve of the
extracted human milk (0). The human milk was pooled from several collections.
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Results

Analysis of nulk extiracts showed measuiable concentiations of atriopeptin -
munoteactivity The concentiations of the peptide measured were proportional to
the volume of milk extiacted As shown m Fig 1 senal dilution of human nulk
extiacts vielded a curve which was not totally paiallel to the human alpha ANF
standard curve

The levels of ANF hke substance in human nulk were found to be m the 1ange
of 03 3 0pg/ml Intheiat the concentiations of atiiopeptin like immunoreactivity
m nulk reached values of 37 117 pg/nl

Human milk

ANF (pg/ml)

Days after delivery

Figure 2 ( oncentitions of human ANI hike mimunore wtivity e mdividunad nulh s an
ples collected on dws s 12 19 wd 1L aftar the chuldbinth  \ simple 1egression undysis
mdicited vdeoroase of ANFE Tovel in mialk over tume

A lmuted numbar of huan nultk samples anals zed mdividualls was related to
the duration of lactation (Fig 2} A simple regicssion wmalysis showed a negative
cortrelation between the concentiations of atrlopeptin m mlkh wd the time penod
after delivers (¢ =378 017 1 = 0909)

Discussion

The presented data of our pilot study provide the fust description of the piesence
ot atriopeptin i mitk Measwmable levels of atilopeptin immunoteactivity wete ob-
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served in both human and rat milk. The precise nature of the atriopeptin-like im-
munoreactive substance present in milk as well as its hiological significance remains
to be elucidated.

Atriopeptin belongs to a family of structurally related peptides which can be
categorized into three main subtypes (A-, B-, and C-type natriuretic peptides).
These peptides share a common internal disulfide ring which appears necessary for
the expression of their natriuretic activity (Samson 1992). The major secreted form
of ANF is the 28 amino acid peptide, and it is species specific. The rat isoform differs
from that present in humans by one amino acid, and the appropriate forms were
used in the radioimmunoassay of rat and human milk in these experiments. Serial
dilution of extracts from milk inhibited binding of the radiocactive tracer almost
in parallel with that of synthetic 1-28 ANF used as standard. The difference in
parallelity suggests that the atriopeptin-like substance present in human milk is
not absolutely identical with human a-ANF, and more detailed studies are needed
for its precise characterization.

Some hormones are rapidly transported into milk from the maternal circulation
unchanged in structure and activity. others appear to be modified (Grosvenor et
al. 1992). Our data do not allow a comparison with the values in maternal blood
as maternal plasma was not analyzed. The recovery of atriopeptin extraction from
milk infranatant was not evaluated but in the case of plasma, the recovery of our
extraction procedure was above 85% (Jezova et al. 1994a).

Atriopeptin has been identified in the huinan heart as early as during weeks 9-
10 of gestation (Kikuchi et al. 1987). Similarly, atriopeptin was found to be present
in the rat fetus shortly after the completion of organogenesis (Dolan and Dobrozsi
1987). In full-term healthy neonates, plasma atriopeptin levels are elevated during
the early postnatal life. In humans. the peptide concentrations show a peak between
days 2 and 1 of life. and then decrease towards adult levels (Rascher et al. 1987).
Adult hormone levels are usually reached at the age of 2 months (Semmekrot and
Guignard 1991). Interestingly, the results of this study suggest that atriopeptin-like
immunoreactivity gradually decreases during the first weeks of lactation.

The exact mechanism and factors contributing to increased atriopeptin re-
lease during the postnatal period are not known but they seem to include ductus
flow, transient pulmonary hypertension. elevated concentrations of vasoconstric-
tory agents, and secretion at extra-atrial site (Semmekrot and Guignard 1991).
It cannot be excluded that atriopeptin originating from milk also contributes to
raised peptide levels during the lactation period.

In the neonate. atriopeptin may play a role in the control of water and elec-
trolyte balance, similar to that established in adults. Elevated levels of atriopeptin
during the postnatal period suggest that this hormoue is possibly involved in
the postnatal volume contraction and may antagonize vasoconstrictor hormones
(Rascher et al. 1987). An interesting hypothesis was presented by Semimekrot and
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Guignard (1991) indicating an important role of atriopeptin in the circulatory
adaptation to extrauterine life.

Our data indicate that the above mentioned processes might be supported by
the peptide originating in maternal milk. The finding of the presence of atriopeptin-
like immunoreactivity in breast milk and its possible changes during the lactation
period are encouraging enough to prompt elucidation of its precise chemical nature
and biological significance.
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