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Selected physicochemical properties of amniotic fluid
according to week of pregnancy
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ABSTRACT

BACKGROUND: A hundred years ago, scientists believed that amniotic fluid is a yellowish hypotonic mixture
of foetal urine and maternal transudate with peculiar odour. Current knowledge shows that it represents a dy-
namic, complex mixture of inorganic and organic compounds.

OBJECTIVES: Despite modern technological procedures, information is still lacking about the composition and
properties of amniotic fluid. We focused on dynamics of selected physical and chemical properties of the am-
niotic fluid with the increasing gestational week.

METHODS: The physicochemical characteristics of 89 amniotic fluid samples were determined according to
the week of pregnancy. The determination of pH, specific gravity, glucose and nitrites was performed immedi-
ately, at room temperature.

RESULTS: Our results show a significant negative correlation between week of pregnancy and semi-quantitative
determined parameters of specific gravity (p < 0.001), pH (p < 0.01) and glucose (p < 0.001) values. Within the
whole group of samples (n = 89), 29 % (n = 26) were nitrites positive (N+) and 71 % (n = 63) nitrites negative (N-).
CONCLUSION: In this study were determined basic parameters of amniotic fluid, which could be related to a

wide range of pathological states (Tab. 2, Fig. 1, Ref. 27). Text in PDF www.elis.sk.
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Introduction

Amniotic fluid (AF) is a complex of essential substances nec-
essary for foetal well-being. It contains nutrients and growth fac-
tors that facilitate foetal growth; it provides the foetus with foetal
nutrients, mechanical cushioning and antimicrobial protection (an-
timicrobial peptides against common bacterial and fungal patho-
gens) and enables the assessment of foetal maturity and disease
(1, 2). AF represents a relatively stagnant pool, circulating with
a turnover time of approximately one day (3). Approximately 98
—99 % of AF is water, but it also contains electrolytes, proteins,
peptides, carbohydrates, lipids and hormones. During the first tri-
mester, the composition of AF is similar to that of foetal plasma,
because the skin of the foetus is not keratinized, and together with
the placenta and umbilical cord it is freely permeable to water and
solutes (4). By the 8th week of gestation in humans, the urethra is
formed and the foetal kidneys start to produce urine (the kidneys
themselves start to develop during the 4th and 5th weeks). The
low AF osmolarity, which is produced by the inflow of markedly
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hypotonic foetal urine, provides a large potential osmotic force for
the outward flow of water across the intramembranous and trans-
membranous pathways (3). AF is an excellent source of material
for research; the chemical composition of its substances varies
with gestational age, it is connected with different biochemical
functions and is a part of several metabolic processes in the body.
Therefore, it is important in the study of foetal development, foetal
well-being and antenatal diagnosis while it can provide clues for
new biomarkers and therapeutic targets. The assessment of AF is
also helpful in the prenatal diagnosis of neural tube defects and an
impressive array of inborn errors of metabolism and hematologic
and genetic diseases (1).

Material and methods

AF samples from 89 women (16th-40th gestation weeks)
with no visible traces of blood were obtained by amniocentesis,
and samples towards the end of pregnancy were taken during a
C-section. Samples of human AF were obtained by amniocentesis
at the Department of Gynaecology and Obstetrics, Louis Pasteur
University Hospital in KoSice, Slovakia. Participation in the pres-
ent study was fully voluntary. Detailed information about the study
and its procedures was given to all respondents, and informed
consent was obtained prior to medical examination. All clinical
investigations were conducted according to the declaration of Hel-
sinki principles. The indication for amniocentesis in the earliest
weeks was advanced maternal age or a positive serum screening
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Fig. 1. Correlation between the week of pregnancy and semi-quantitatively determined parameters within the whole group.

test result. Patients were informed by their doctor about the use
of their AF for experimental and diagnostic purposes. Informed
consent was signed.

The determination of pH, specific gravity, glucose and nitrites
was performed immediately by using diagnostic strips at room
temperature. Specific gravity was determined on the principle
based on the ion exchange, which runs between polyelectrolyte
and ions in body fluid. The test for glucose determination is based
on the specific glucose oxidase/peroxidase reaction and is specific
for D-glucose and semi-quantitatively corresponds to glucose con-
centrations of 2.8/5.5/17 and 55 mmol/I. The test for nitrite deter-
mination is a colour test based on the principle of the Griess test.

Statistical analysis

For all obtained data, the Pearson correlation analysis, simple
linear regression or unpaired T-test was used. All data are reported
as means + SD and the range of measured levels.

Results

The file consists of 89 patients, of whom 68 were subdued to
amniocentesis performed up to 24 weeks of pregnancy; 21 samples
of amniotic fluid were collected from patients in the third trimes-
ter, of which 14 were at term. Indication of amniocentesis (age/
positive triple test/ultrasound) has no impact on the values of the
observed parameters (pH, specific gravity, glucose, nitrites). For
the whole group, the established values were: pH: 7 - 9 (8.25 £
0.64), specific gravity: 1 —1.03 (1.016 + 0.0071), and glucose: 0
—17 mmol/l (4.84 + 4.64 mmol/l). The results show a significant
negative correlation between the week of pregnancy and semi-
quantitatively determined parameters of specific gravity (SG), pH
and glucose (Glu) values (Fig. 1, Tab. 1). High glucose concentra-
tion is associated with higher pH values (r = 0.33; p = 0.0015).

Different results were obtained after dividing the total group
into sub-groups of samples taken in the 2nd and 3rd trimesters of
gestation. For the 2nd trimester, average values of SG, pH and
glucose were 1.02 + 0.0066, 8.34 + 0.61 and 5.84 + 4.83 mmol/I,
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respectively and for the 3rd trimester, the latter values were as fol-
lows: 1.01 + 0.0047, 7.95 + 0.67 and 1.6 + 1.42 mmol/Il, respec-
tively. In both, 2nd and 3rd trimester sub-groups, the correlation
between glucose concentration and week of pregnancy is negative,
and there is also a relation between glucose concentration and pH
value (Tab. 1). The test manufacturer declares there is no depen-
dence among pH and glucose parameters.

Tab. 1. Correlation analysis of studied parameters with values ex-
pressed as Pearsons correlation coefficient r.

Whole group (n=89)  2nd trimester (n=68)

3rd trimester (n=21)

WoP pH SG WoP pH SG WoP pH SG
027 1 021 1 -0.00 1

PH NS NS

SG -046 019 1 021 015 1 -046 -024 1
**x NS NS NS * NS
-043 033 014 -025 025 -0.09 -048 053 031

Glu *hk *k NS * * NS * * NS

WoP - week of pregnancy, SG - specific gravity, Glu - glucose, NS — not significant,
*p<0.05, **p<0.01, *** p<0.001

Tab. 2. Statistical analysis of selected parameters in nitrite negative vs
nitrite positive amniotic fluid samples (based on T-test).

Nitrites reaction WoP SG pH Glu
Max 24 1.03 9 17

Min 17 1.005 7 2.8

N- Median 18 1.015 8 2.8
Average 18.98 1.016 8.17 5.33
SD 1.93 0.0067 0.62 451

Max 24 1.03 9 17

Min 16 1.01 8 2.8

N+ Median 18.5 1.02 9 55
Average 19 1.022 8.62 6.67
SD 2.04 0.0047 0.50 5.29
F test 0.74 0.062 0.23 0.36
T test 0.96 0.00015 0.0027 0.27
NS *k*k *% NS

WoP - week of pregnancy, SG — specific gravity, Glu — glucose, NS — not significant,*
p <0.05, ** p<0.01, *** p <0.001
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Within the whole group of samples (n = 89), nitrites were posi-
tive in 29 % (n = 26; N+) and negative in 71 % (n = 63; N-). N+
samples were only in the sub-group of 2nd trimester (n = 68), where
62 % (n =42) were N—and 38 % (n = 26) were N+. A T-test shows
a significant difference in specific gravity (p = 0.00015) and pH
values (p = 0.0027) between the N+ sub-group and N- sub-group
when taking into account only the results from samples obtained
in 2nd trimester (Tab. 2).

Discussion

Biophysical and biochemical analyses of amniotic fluid are
helpful in evaluating foetal anatomy, maturity and comfort status
as well as in the detection of foetal growth and abnormalities. At
the beginning of pregnancy, AF is light yellow. During delivery it
becomes more white and milky. The reason for this is that the
amniotic fluid at the time of birth is suddenly moved, such that its
viscous constituents enable it to combine with the oleaginous sub-
stances which cover the surface of the foetus, whereby it natu-
rally becomes milky and opaque. Our result confirms the observa-
tion of Orsted et al (7) and Gupta et al (8) that near-term AF gains
a colour of pale straw due to the presence of exfoliated lanugo and
epidermal cells from the fetal skin or may be turbid due to the
presence of vernix caseosa (7, 8). The specific gravity of amni-
otic fluid was established more than hundred years ago in range
of 1.002-1.028. The specific gravity of pure amniotic fluid at the
end of pregnancy averages out at 1.0078 and never rises above
1.010. The admixture of meconium always causes an increase in
the specific gravity (9). The concentration of many compounds
changes dramatically during pregnancy. In the tested period from
17-40 weeks the strip-determined specific density was in range
of 1.000-1.030 and decreased significantly during the week of
pregnancy (Fig. 1), which is in agreement with previous low val-
ues at the end of pregnancy reported in the literature, but not with
the fact that amniotic fluid is less transparent at the end of preg-
nancy. Amniotic fluid pH is usually affected by foetal and mater-
nal variables. Established pH values were 8 (53 %, n = 47) or 9
(36 %, n =32), and only 11 % (n = 10) of samples had a pH value
of 7. Between pH values and week of pregnancy is a significant
negative correlation (Fig. 1). The value of pH positively correlates
with glucose concentration and is higher in N+ sub-group of AF
samples (Tabs 1 and 2). Jauniax and Gulbis (5) reported a pH
value of 7.42 for the first trimester, with a significant decrease
between 11 and 14 weeks compared with the pH from 7 to 10
weeks, which is a slightly lower value than we have obtained. The
alkaline pH value of amniotic fluid is probably based on a higher
permeability through non-keratinized embryonic skin following
the accumulation of basic substances and from the metabolism of
organic anions in the embryonic tissues. The changes in acid-base
balance at the end of the first trimester may correspond to the
switch from mesonephros to metanephros in the maturing kidneys
(6). According to Oliveira et al (9), a decreasing profile of glucose
and good correlation with creatinine and gestational age suggest
that glucose is a good indicator of renal maturation. The study of
foetal kidney development during embryogenesis as well as

knowledge of the functioning of various cellular transporters dur-
ing gestation can provide important information about the physi-
ology and pathophysiology of many syndromes that occur during
gestation (9). In the study of Koski et al (10), the Pearson correla-
tion coefficients showed a positive association between amniotic
fluid glucose and maternal and foetal liver glycogen and foetal
weight. These findings showed that amniotic fluid can be modified
by maternal diet, and they suggested that the composition of am-
niotic fluid might be used as an accessible nutritional indicator of
carbohydrate status in the developing foetus (10). Oliveira et al
(9) noticed that the glucose concentration from the amniotic fluid
decreases gradually during pregnancy. Similarly, Wallach (11)
mentioned that the glucose level in amniotic fluid in the last preg-
nancy trimester is decreased, and the values for glucose in the
amniotic fluid can be correlated with those in the blood from the
navel cord, because the substances present in the amniotic fluid
are excreted by the foetus and implicated in its metabolism (12).
Our results showed significantly decreasing levels of glucose dur-
ing pregnancy (Fig. 1). The importance of determining glucose in
amniotic fluid was also increased owing to the studies of Kirshon
et al (13) and Romero et al (14), which focused on the determina-
tion of glucose concentration in amniotic fluid as a value in the
diagnosis of intraamniotic infection. Their results showed that
higher levels of glucose are connected with bacterial infection
(13, 14). Amniotic fluid glucose concentration is a very sensitive
marker in predicting chorioamnionitis. Dildi et al (15) determined
AF fluid glucose concentration, and their results showed that glu-
cose level was better in predicting clinical chorioamnionitis than
positive amniotic fluid culture results are. Gestational age-depen-
dent normal ranges and pathologic conditions that may alter am-
niotic fluid glucose concentrations should be considered when
interpreting amniotic fluid glucose values to diagnose microbial
invasion of the amniotic cavity (15). The presence of nitrates is
also connected with pathological conditions, with the presence of
bacteria able to reduce nitrates. Dekaphan detection strips are
mainly designed for quick urine analysis. The determination of
nitrites is strictly associated with the activity of nitrate-reducing
bacteria, which are able to convert endogenous nitrates into ni-
trites. The test is based on a modified Griess reaction, forming
sodium nitrite. The colouration of the pad in not quantitatively
proportional to the number of present bacteria. The evidence of
nitrites by a quantitative rapid stick test in amniotic fluid thus pro-
vides interesting information, because up to 43 % of amniotic
fluids were nitrite positive, and all the latter cases were under the
25th week of pregnancy (Tab. 2). Sample collection lasted more
than 15 months and the amniocentesis procedure followed con-
ventional aseptic conditions. Accidental bacterial contamination
and intraamniotic infections were rejected as causes of such a
high percentage of positive samples, and we assume another
source of nitrites present in amniotic fluid. Nitrates and nitrites
naturally originating from vegetables and diet, as in processed
meat, undergo enterosalivary circulation in the human body. They
are recirculated in the blood, concentrated in the salivary glands,
secreted in saliva and reduced to nitrites by facultative Gram-
positive anaerobes (Staphylococcus sciuri and S. intermedius) on
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the tongue. Owing to the acidic stomach environment, the salivary
nitrites are reduced to large quantities of nitric oxide (NO) and
other oxides of nitrogen (16). NO is a potent vasodilator which
plays a key role in the control of vascular tone and is released by
endothelial cells from L-arginine. During normal pregnancy, uter-
ine and systemic vascular functions change dramatically. Foeto-
placental circulation is maintained maximally dilated, and low
resistance is necessary for foetal health and growth (17). The in-
formation about NO metabolites comes mainly from blood sam-
ples. In their study, Yang et al (1996) noted that increased nitrate
concentrations in maternal and foetal circulations may reflect in-
creased NO synthesis, which may in part mediate the cardiovas-
cular adaptations to normal pregnancy and low systemic and um-
bilical vascular resistance in the foetus (18). The impairment in
nitric oxide production has been proposed as a possible mecha-
nism for reducing foetoplacental circulation in pregnancy compli-
cations associated with vasospasm, such as preeclampsia (19).
Pisaneschi et al (2012) recently made some interesting novel find-
ings on blood samples, showing evidence of increased NO, pro-
duction during pregnancy and after birth in foetal growth restric-
tion. In addition, the authors found the adjustment of the NO
system in a mode of impaired vascular resistance. This adaptive
response within and outside the placenta is associated with chang-
es in 26 genes controlling blood flow, angiogenesis, extracellular
matrix remodelling and inflammation and persists after birth (20).
Because of lack of innervation, placenta circulation is mainly
regulated by the action of vasoactive substances (21). Nakatsuka
et al (22) studied the total nitrite and nitrate concentration in vag-
inal secretions as a predictor of premature delivery. In patients
with preterm premature rupture of membranes and in patients
with preterm labour and subsequent premature delivery these
were significantly higher than the concentrations in patients who
delivered at term. There is evidence that NO is also released by
the foetoplacental tissues (23), and there are a few studies
oriented on the determination of nitrites in amniotic fluid and its
possible applications. The concentration of NOXx increases during
pregnancy and is not related to foetal haemolysis (24). Morris et
al (1995) assessed exhaled maternal NO concentration and amni-
otic fluid nitrite concentration between 10th to 42nd week of preg-
nancy. While exhaled NO concentrations did not alter significant-
ly during gestation, there was, conversely, a significant change in
amniotic fluid nitrite concentration in late pregnancy (p < 0.001).
The finding of decreased amniotic nitrite concentrations after 37th
week of gestation (Tab. 2) supports the hypothesis that reduced
NO production may contribute to increased uterine activity in late
pregnancy (25). Di lorio et al (19) determined nitric oxide me-
tabolites (NO? and NO*") in amniotic fluid to examine their rela-
tion to uteroplacental blood flow and reported that higher overall
nitrite values in amniotic fluid (p < 0.01) in intrauterine growth
retarded the patients more than the controls. A significant negative
correlation was observed between nitrite concentrations and the
uterine artery resistance index, umbilical artery pulsatility index
and umbilical artery pulsatility index/middle cerebral artery pul-
satility index ratio (19). Hsu et al (26) presented a rare application
of nitrites determination in amniotic fluid. In preterm labour pa-
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tients, they determined higher NO metabolites (NOx: nitrate +
nitrite), namely in women with an intraamniotic infection (n =
13) compared with those without infection (n = 24). The concen-
tration positively correlated to the amniotic fluid PGE2 concentra-
tion (26). Later (1999), the authors extended the findings to the
effect that NOX concentrations are significantly higher in patients
with a positive culture (n = 8) but are not caused by a mycoplas-
ma agent (n = 7) compared with controls (61) (27). Among amni-
otic fluid samples in our group of patients only one was diagnosed
with intrauterine growth retardation in the 26th week with a ni-
trite-negative result.

Conclusion

Our study investigated the direct measurements of some basic
chemical and physical properties of amniotic fluid samples. Our
results show a negative correlation between the week of gestation,
specific gravity, and pH which is in accordance with the foetal kid-
neys development and skin keratinization. Our results also show a
negative correlation between the glucose concentration and preg-
nancy week. The glucose values are in correlation with the foetal
growth and development, and on the other hand the determination
of glucose is important because the level of glucose seems to be a
very good predictive marker in clinical diagnosis of chorioamnion-
itis, and microbial invasion of the amniotic cavity. Our finding that
nitrite concentrations are decreasing in amniotic fluid after 37th
gestation week supports the hypothesis that reduced NO produc-
tion may contribute to increased uterine activity in late pregnancy.
Results obtained in this study could be useful as a baseline for
monitoring changes in the intrauterine environment in normal and
abnormal pregnancies. Based on significant contributions of AF to
foetal and neonatal health, additional research is needed to better
understand its functions and to correct its disorders.
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