
Introduction

In the general presentation of a subject so com-
plex as the evaluation of amniotic fluid function, it mi-
ght be appropriate to tackle the issue from an often
neglected perspective: amniotic fluid is not only a
means of fetus development and a precious source of
diagnostic elements, but also the first true “environ-
ment” that the human being confronts and interacts
with. The term “psychobiology” may appear far-fet-
ched for a subject of this kind. In fact, it can encoura-
ge physicians and investigators to use a different ap-
proach: one that is not strictly technical, but more ho-
listic in its consideration of all the various aspects of
human well-being.

Water as a source of life

The first aspect to consider is the nature itself of
amniotic fluid, which is mostly made up of water. Man
is born in water and it is in water that he spends the
first crucial moments of his existence. Since ancient ti-

mes, this simple fact has engendered fancy theories
and evocative interpretations that have preceded and
sometimes anticipated more objective scientific evi-
dence. As man’s offspring develops in the womb, whe-
re it is protected and surrounded by the amniotic fluid,
it was only natural that past religions, philosophies,
and cultures – regardless of their differences – often
shared a complex vision of water, which they took as a
symbol of life, fertility, and motherhood. In ancient
cosmogonies and Neolithic rituals, water was the dri-
ving force of cosmic events, as well as a symbol of fer-
tility and fecundity. Ancient Greek philosophers, such
as Thales and Heraclitus, thought that water was the
beginning and the end of everything. Gods and god-
desses connected to the cult of water are frequently
encountered in ancient mythology, which is also rich
in legendary tales of a deluge, when an angry god de-
cided to punish humans for their behaviour, sparing
only one or more couples – personified in Greek cul-
ture by Deucalion and Pyrrha (1). Ancient Roman re-
ligion associated water with fertility and gestation –
the Nymph Egeria was the goddess of childbirth. Fir-
st the Hebrew religion and then the Christian religion
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saw water as the source of creation and the origin of
life. For the Talmud, the rivers of Eden are the only
link still existing between the human world and the
lost paradise. Bathing is then often seen as a way for
humans to reach back to the original Creation. In In-
dia, ritual bathing in the Ganges is also a symbol of
purification. Christianity sees a new Humanity sprin-
ging to life from the purifying waters of the Deluge;
Christ is defined as the true Source of Life and in bap-
tism, water is meant not only to purify souls, but also
to save them (2). Modern psychoanalysis, too, sugge-
sts that, in the human unconscious, water is basically
interpreted as a symbol of life. Both Freud (as clearly
stated in his “Interpretation of Dreams”) (3) and Jung
(4) hypothesized a close relationship between life and
water, focussing on the interpretation of that particu-
lar moment when the waters are broken and flow out
of a woman’s body, when the human being coming to
life sheds the amniotic fluid and leaves the genital ca-
nal.

Water and evolution

These sociocultural, philosophical and religious
considerations are not merely a citation of the various
observations and interpretations made at different ti-
mes of human history, but they have a basis in the mo-
st recent scientific theories advanced on the origin of
life on earth. One of the most reliable theories propo-
sed by scholars is that life probably originated in the
so-called “primordial broth” (5). According to this
theory, life sprang from inorganic matter in an oxy-
gen-deprived atmosphere rich in hydrogen and he-
lium. As a result of a reaction chain triggered by vol-
canic eruptions and radioactive decay, the substances
present in this matter fell into the primitive ocean and
built up until they transformed the ocean in a solution
that is now aptly called “primordial broth”. This broth
generated more complex substances, so-called “coacer-
vates”, leading to a chemical evolution that in turn
brought about a biological evolution. The first organi-
sms were probably anaerobes and they were followed
by the appearance of phototropic phytoplankton, oxy-
gen, atmosphere-protecting ozone, and finally aerobes
and multicellular organisms.

In early intrauterine life, man goes through all the
evolutionary stages of water-born creatures and in his
later life he preserves many of these original characte-
ristics.

Amniotic environment and neuropsychic develop-
ment of the fetus

Psychoanalysis generally assumes that an indivi-
dual’s mind and personality originate in the so-called
“oral phase”, represented by the experience of sucking
and feeding in the first year of life. In fact, a large
number of accurate ultrasound evaluations of fetal
behaviour in utero have come to suggest that this ex-
perience may start even before that, during prenatal li-
fe (6). After the 14th week of pregnancy, the fetus is
able to control amniotic fluid swallowing, reducing it
when alcohol or nicotine are present in maternal
blood. From the 15th week, the fetus clearly develops a
finger-sucking habit, which anticipates the oral phase
and has led investigators to assume that this is a gene-
tically predetermined movement to get infants used to
future breast- or bottle-feeding. From the 16th week,
with its sucking and swallowing movements the fetus
clearly demonstrates that it likes any sweet-tasting
substances injected in the amniotic fluid. By contrast,
it reacts to bitter-tasting substances by shutting its
mouth (7). Studies have shown that the fetus can re-
cognize its mother’s diet through the amniotic fluid
and this capacity is bound to influence its food beha-
viour after childbirth. Esther Bick’s method of infant
observation, applied to both pre- and postnatal life,
has made it possible to find out that, from the 13th

week onward, the fetus’s postures, reactions and mo-
vements become highly individualized, helping inve-
stigators to study its character and personality (8).
These behavioural patterns are more marked after the
17th-18th week, probably because of the maturation of
related neuronal structures. The fetus seems to focus
its interest on the placenta and the umbilical cord,
which probably stimulate its tactile sense with their
warmth, texture and pulsatility, favouring a sensori-
motor exploration and eliciting inward and outward
knowledge processes that are crucial for mind deve-
lopment. Fetal hearing is completely developed by the
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6th month of pregnancy and the fetus is able to hear
both internal and external sounds. The most audible
internal sound is the mother’s heart beat, which is am-
plified by the amniotic fluid to 72 dB, masking all
other sounds (9, 10). External sounds are dampened
by the abdominal wall and the amniotic fluid (-50%),
but they can nonetheless be heard and memorized by
the fetus, which is able to recognize them after birth.
The most pleasant external sound is certainly the
mother’s voice, while music may have a soothing (Vi-
valdi and Mozart) or unnerving (Brahms and Beetho-
ven) effect. This perception of sounds (e.g., maternal
voice) and flavours (e.g., maternal odours) through the
amniotic fluid and their subsequent memorization
and recognition after birth – for example, milk tastes
just like amniotic fluid – are the basis of imprinting
(11). Therefore, the emotional modelling of the indi-
vidual clearly starts in the amniotic environment.

Maturation of a child’s sensory tracts occurs al-
most entirely when he is still in his mother’s womb.
Psychoemotional development seems to originate
from the communication between the pregnant
mother and the fetus, and the amniotic fluid is the
means and the way through which this communica-
tion takes place before birth..

In addition to the five senses, this drive to com-
municate interactively in the intrauterine life through
a variety of stimuli eventually sharpens and refines su-
ch functions as memory, learning, and dreaming. The
child’s emotional sphere, too, is strongly influenced by
the intrauterine environment and by everything that
reaches the uterus through the amniotic fluid acting as
a filter.

Several studies have shown that the microenvi-
ronment of the amniotic fluid can actually be regarded
as a macrocosm where a combination of inputs and
stresses mould the early personality traits of the fetus,
beginning to shape its individual behaviour. Surprisin-
gly, the fetus may be afraid and may show it through
vigorous movements of its entire body and sudden ac-
celerations of the respiratory rate, as is often seen du-
ring amniocentesis (12).

Ultrasound studies have shown that the fetal
heart rate may change considerably in response to pa-
rental sexual intercourse (13) or simply to an increase
in the mother’s blood alcohol levels (14).

Other studies have proved that in utero the fetus
begins dreaming as early as the 23rd week, when
REMs can be easily detected and recognized.

Recently, reports have also confirmed that a
child’s future behaviour is closely related to his past
experiences in the intrauterine life. Fetuses that during
gestation exhibited a more marked voluntary motor
activity or irregularities in the sleep-wake cycle, even-
tually became more irritable and less balanced chil-
dren.

Finally, studies conducted by the University of
Pittsburgh suggest that even a child’s intellect – his IQ
– is not entirely and totally determined by his genetic
pool, but is also influenced by many maternal varia-
bles, such as sleep-wake cycles, diet, hormonal cycles,
exercise, chronobiological rhythms, and any other fac-
tors that can be passed on to the new life developing
in the womb through the amniotic environment.

A fetus-friendly environment

The function played by amniotic fluid is basical-
ly to protect the fetus against the external environ-
ment (injury, noise, temperature, etc.) and the internal
environment (placental and cord pressure). Recently,
however, studying fetal life more closely, investigators
have begun to discover new, interesting elements sug-
gesting that the amniotic environment is a complex
ecological niche. Apart from phospholipids, which are
known to help the fetus breathe with its lungs soon af-
ter birth, many other substances are present that pro-
ve active interaction between the amniotic environ-
ment and stressful events. For example, endorphins
are found in the amniotic fluid after cordocentesis as a
response to the painful stimulus unconsciously percei-
ved by the fetus. Prostaglandins, too, which are produ-
ced by the umbilical cord, have the specific role of
controlling labour in humans. More recently, studies
(15) have shown that from the second trimester
onward, total antioxidant capacity in the amniotic
fluid increases with fetal gestational age and fetal or
neonatal weight. The antioxidants try to protect cell
membranes against the harmful effects of free radicals,
which are present in various conditions during gesta-
tion – such as diabetes- and substance-abuse-induced
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embryopathies, premature membrane rupture, pree-
clampsia, fetal growth retardation, smoking and ma-
ternal lung disease – but also at onset of labour. Unfor-
tunately, amniotic fluid does not contain only protec-
tive factors for the fetus, but also other factors that
may be a sign of an increasingly hazardous environ-
mental pollution. In 30% of amniotic fluid samples,
Canadian researchers have detected traces of harmful
pesticides (16, 17), which can interfere with the deve-
lopment of a child’s reproductive, immune, and ner-
vous system (WG Foster).

Birth in water

In modern obstetrics there is an increasing ten-
dency to preserve the beneficial effects of the amnio-
tic environment during and soon after childbirth th-
rough the use of different methods of delivery in wa-
ter. The issue is still widely debated, opposing suppor-
ters, who strongly advocate the need for environmen-
tally-friend childbirth, and detractors, who adamantly
claim that the procedure is useless and not entirely ri-
sk free. Among the advantages of birth in water is the
attempt to mimic the physiological environment in
which the fetus lives in order to make delivery a less
traumatic event. This may also be beneficial to the
mother, thanks to improved relaxation between con-
tractions and improved secretion of labour hormones
(oxytocin, vasopressin, endorphins, prolactin). Bathing
in water improves blood circulation to the heart and
stimulates the release of atrial natriuretic hormone,
which in turn stimulates the pituitary gland and the
release of pituitary hormones.

Future prospects

A large number of well-designed and articulate
studies are currently under way. Many interesting indi-
cations on amniotic fluid function are likely to emerge
from these studies in the near future. Some of them are
already there and may even have a therapeutic signifi-
cance. Based on the somewhat unusual tantric practice
of urine therapy (18, 19) so popular among Hindus
who claim its beneficial effects on any kind of condi-

tion or disorder, and starting from the obvious consi-
deration that amniotic fluid is mostly made up of uri-
ne, which the fetus drinks and breathes for many
months improving its well-being, some authors have
proposed the use of amniotic fluid for the same purpo-
ses. However, no scientific evidence has been found to
date on the efficacy of this treatment, notwithstanding
two World Conferences on Urine Therapy that were held
in India in 1996, in Germany in 1998 and in Brazil in
2003. More interestingly, other authors have reported
that it is possible to relieve neonatal distress by having
infants smell their own amniotic fluid (20-22): recol-
lecting the odours that they smelled in the tranquilli-
zing, protective environment of their mother’s womb,
the infants adjust more easily to the new stressful envi-
ronment they are born into. Even more interestingly, it
is now almost certain that stem cells can also be isola-
ted from amniotic fluid (23, 24) and these cells could
be used in tissue engineering, replacing stem cells deri-
ved from embryos – a technique that has spurred a fu-
rious ethical debate.

Conclusion

Only recently have investigators begun to disco-
ver the real significance of the amniotic environment,
which represents the first encounter of man with life.
Many studies suggest that man’s health and well-
being originate in the intrauterine life. In a period
when much public focus is on environment protection
and environmentally-friendly practices, research is
going back to its roots to improve its knowledge of
man, to promote his well-being, and to learn how to
respect him and the natural environment in which he
lives.

References

1. Kerenyi K. Miti e misteri, 1979.
2. Eliade M. Trattato di storia delle religioni, 1976.
3. Freud S: L’interpretazione dei sogni
4. Jung CG. Collected works - vol. 6, 8, 9, 11, 12, 13, 14. Prin-

ceton, University Press, different years of publication.
5. Oparin AI, Gladilin KL. Evolution of self-assembly of pro-

bionts. Biosystems 1980; 12 (3-4): 133-45.



22 L. Benassi, F. Accorsi, L. Marconi, G. Benassi

6. Lecanuet JP, Granier-Deferre C, Busnel MN. Sensorialité
foetale: ontogenèse des systèmes sensoriels, conséquences
de leur fonctionnement foetal. In: Médecine Périnatale,
Médecine-Sciences, Flammarion, Paris, 1989.

7. Mennella JA, Jagnow CP, Beauchamp GK, Janet M, Bur-
lingame MD, Navid Esfandiari DVM. Prenatal and post-
natal flavor learning by human infants. Pediatrics 2001; 107
(6): E88.

8. Lecanuet JP, Fifer WP, Krasnegor N, Smotherman WP. Fe-
tal development: A psychobiological perspective. Lawrence
Eribaum Ass., Hillsdale NJ, 1995.

9. Bartocci M, Winberg J, Ruggiero C, Bergqvist LL, Serra
G, Lagercrantz H. Activation of olfactory cortex in new-
born infants after odor stimulation: a functional nera-infra-
red spectroscopy study. Pediatr Res 2000; 48: 18-23.

10. Paganotti C et al. Il suono e la vita prenatale 1996; 53: 10.
11. Relier JR. Le Néonatologue face à l’empreinte. Progrès en

néonatologie 1996; 16: 233-40.
12. Giannakoulopoulos X, Sepulveda W, Kourtis P, et al. Fetal

Plasma Cortisol and B-endorphin Response to Intrauteri-
ne Needling. The Lancet 344: 77-81.

13. Chayen B, Tejani N, Verma UL, Gordon G. Fetal Heart ra-
te changes and uterine activity during coitus. Acta Obstetri-
ca Gynecologica Scandinavica 1986 65: 853-5.

14. Fox H.E, Steibrecher M, Pessel D, et al. Maternal ethanol
ingestion and the occurrence of human fetal breathing mo-
vements. American J of Obstetrics and Gynecology 1978; 132:
354-8.

15. Janet M, Burlingame MD, Navid Esfandiari DVM, et al.
Total antioxidant capacity and reactive oxigen species in
amniotic fluid. Obstetrics and Gynaecology 2003; 4: 756-61.

16. Pesticides found in amniotic fluid. Enviromental News
Network, 1999.

17. Foster WG. Do enviromental contaminants adversely affect
human reproductive phisiology? J Obstet Gynaecol Can
2003; 25: 33-44.

18. Mithajal CP. Miracles of urine therapy. Publicaciones 1978.
New Delhi, India.

19. Kluge Hedelfore. Urinoterapia, l’altra medicina/169.
20. Schaal B, Orgeur P, Rognon C. Odor sensing in the human

fetus: anatomical, functional and chemio-ecological bases.
In: Fetal development: A psychobiological perspective.
1995; Lawrence Erlbaum Ass, Hillsdale, NJ: 205-37.

21. Hopson JL. Fetal Psychology. Psychology Today 1998; 31
(5): 44-48.

22. Varendi H, Porter RH, Winberg J. Attractiveness of Am-
niotic Fluid Odor: Evidence of Prenatal Olfactory Lear-
ning? Acta Paediatr 1996; 85 (10): 1223-7.

23. Prusa AR, Marton E, Rosner M, Bernaschek G, Hengst-
schlager M. Oct-4-expressing cells in human amniotic
fluid: a new source for stem cell research? Hum Reprod
2003; 18 (7): 1489-93.

24. Prusa Ar, Hengstschlager M. Amniotic fluid cells and hu-
man stem cells research: a new connection. Med Sci Monit
2002; 8: 253-7.

Correspondence: Luigi Benassi
Department of Gynaecology,
Obstetrics and Neonatolgy
University of Parma
Via Gramsci, 14
43100 Parma , Italy
Tel: +39 0521 290500 
Fax: +39 0521 290508 
E-mail: luigi.benassi@unipr.it


