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Introduction 

The most valuable cunent need is to 
assess a fetus for its maturity and well be
ing during its intrauterine life. Accurate 
estimation of gestational age and fetal 
maturity are essential before induction of 
labour or performance of cesarean section 
and for evaluating high-risk pregnancies. 

There are certain biochemical para
meters which vary with the length of 
gestation and also indicate the fetal 
maturity with certainty. 

In the recent past a considerable data 
has been published as regards the com
position of amniotic fluid. Mosl samples 
of amniotic fluid were analysed either 
from early normal pregnancy terminated 
between 8 and 24 weeks, or from patients 
at near term. 

Some data regarding the concentration 
of some biochemical parameters of amnio
tic fluid of Indian women are available. 
Some investigators have studied only 
creatinine levels of amniotic fluid during 
second half of pregnancy, whereas amnio
tic fluid urea levels have been studied by 
some investigators between 37 to 41 weeks 
of gestation. Some other workers have 
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studied both creatinine and urea concen
tration of amniotic fluid during second 
half of pregnancy. Mehta et al (1979) 
have studied creatinine, urea, orange 
cells, bilirubin between 12 to 41 weeks. 
Significance of glucose and lactic acid has 
been reported by Sunanda Bai et al 
(1969) between 36th and 43rd weeks of 
pregnancy and Raman et al (1978) have 
reported amniotic fluid glucose concentra
tion at different gestational age. 

A.s there was very little data available 
on the compostion o£ amniotic fluid 
throughout pregnancy in Indian popula·· 
Lion, the present work was undertaken to 
establish normal values of certain bio
chemical parameters throughout preg
nancy. This would provide reliable in
formation regarding the fetal maturity and 
prediction of length of gestation in cases 
of unreliable menstrual history. 

A large number of ammot1c fluid 
samples were analysed for creatinine, 
urea, glucose, sodium, potassium and 
chlorides throughout pragnancy begin
ning as early as 10 weeks of gestation. 

MateTial and Methods 

A total of 237 samples of amniotic fluid 
were obtained from women having reli
able menstrual history and not suffering 
from any organic disease. Early preg
nancy samples were obtained from cases 
undergoing medical lerminatiol!l o£ preg-
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nancy. In case of third trimesteT of preg
nancy they were obtained from women 
undergoing amniocentesis performed by 
transabdominal route using 21 gauge 
spinal needle. 

An aliquot of amniotic fluid was cen
trifuged al 3'000 rpm for 10 min. to remove 
cells and sediments. Samples contaminat
ed with blood or meconium were discard
ed. The clear supernatant was analysed 
for the following biochemical parameters. 

Creatinine concentration was measured 
by the modified Falin W u tungstic acid 
method, urea Nitrogen by diacetyl 
monoxime method. The levels of glucose 
were measured by a-toluidine method 
using acetic acid as well as on auto
analyzer which utilizes neocuproine 
reagent. Sodium and potassium were 
estimated by manual flame photometry 
using the EEL flame photometer and 
chlorides by the method of Schales and 
Schales. 

Results 

CTeatinine and UTea N: One hundred 
and forty-three samples from 2nd trime
ster of pregnancy and 94 samples from 3rd 
trimester of pregnancy were analysed for 
these parameters. Both creatinine and 
urea N values showed a small but steady 
rise, specifically from 20 weeks onwards 
(Table I). There was a progressive in
crease in their concentration with the 
advancement of pregnancy. Abrupt in
crease was noted in the concentration of 
creatinine at 36 weeks of pregnancy which 
continued till the delivery, whereas the 
concentration of urea N decreased a little 
at 40 weeks of geslation. Both creatinine 
and urea N show positive correlation with 
gestational age which is highly significant 
(for creatmme r = 0.9264 P < 0.001), 
(for urea N r = 0.6015 P < 0.001). The 

5 

pos1t1ve correlation with gestational age 
can be clearly seen from Fig. 1 for crea
tinine and from Fig. 2 for urea N. 
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Fig. 1 
Scattergram of Amniotic Fluid creatinine levels 
(mg/100 ml AF) as a function of gestational age. 
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Scattergram of amniotic Fluid urea N levels 
(mg/100 ml AF) as a function o£ gestational 

age. 

Glucose, Sodium, Potassium and chlo
Tides: One hundred samples of amniotic 
fluid from 2nd trimester of pregnancy and 
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94 samples from 3rd trimester of preg
nancy were analysed for these parameters. 
Glucose was estimated by 0- toluidine 
method and autoanalyser technique which 
showed no difference in the values. The 
levels of glucose showed a progressive 
decline with advancing gestation-Table 
I. Considerable decline in the values was 
noted from 20 weeks onwards to 40 weeks 
of gestation indicating a highly significant 
negative correlation with gestational age
Fig 3 demonstrates the negative correla
tion of glucose with advancing gestational 
age. (r = - O.S2446 P < 0.001). 
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Fig. 3 
Scattergram of Amniotic Fluid glucose levels 
(mg/100 ml AF) as a function of gestational ag<e. 

Sodium and chlorides showed a down
ward trend. As it is seen from Table I 
there was small but steady decrease in the 
concentration of sodium and chlorides. 

There was no appreciable change in the 
levels of potassium throughout pregnancy 
(Mean 4.08 meq/ 1. and 4.01 meqj L for 
2nd and 3rd trimester of pregnancy re-
spectively). 

Discussion 

It is now a well established fact that 
amniotic fluid is not a static pool. Vos
burgh and Associates (1948) through 
their isotopic studies have concluded that 
the amniotic fluid was completely replac
ed every 2.9 hours. It is assumed that an 
equal amount of water is transferred in 
the opposite direction i.e. from amniotic 
fluid to mother, leading to a continuous 
exchange of water between these two 
compartments. There is a steady state ex
change of water and electrolytes between 
intrauterine compartments in pregnancy, 
involving fetal swallowing, urinary excre
tion and other significant exchanges of 
solute and water by means of as yet ill
defined pathways. The morphology <Jf 
fetal skin in early and mid-pregnancy is· 
compatible with a role in the exchange of 
water and electrolytes between amniotic 
fluid and fetus. (Abramovich 1968) 
Lind et al (1972) confirmed that sodium 
and therefore water can pass readily 
through fetal skin during the first half of 
pregnancy, although the rate of diffusion 
slows down as the skin thickness increases 
and probably ceases altogether when 
keratinization occurs. Due to this there 
is no continuity between amniotic fluid 
and fetal body fluids and it then becomes 
an exteriorized fluid. 

In the second hal£ of pregnancy by 20 
weeks fetal kidneys start functioning and 
they play a role in the control of the com
position and volume of amniotic flu id. 
As the gestation advances fetal urine 
which is hypotonic as compared with 
fetal or maternal plasma makes an im
portant contribution to the amniotid fluid. 
Due to this, the amniotic fluid which is 
isotonic with maternal plasma becomes 
hypotonic with fetal or maternal plasma 
reflecting the gradual fall in the concen
tration of sodium and chlorides with ad.-
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vancing gestation. The levels of sodium 
fall from 139.56 mEq/L to 106.4237 mEq/ 
L at term. This fall in mean amniotic fluid 
sodium is quite significant (P 0.001). 
With the advancement of pregnancy con
centration of chloride decreases from 
118.8006 mEq/L to 106.4237 mEq/ L which 
shows high levels of significance (P < 
0.001). Table II. This decrease in the 
concentration of sodium and chlorides 
with the advancing gestation was also ob
served by Gillibrand (1969), Sinha and 
Carlton (1970), Nusbaum and Zettner 
(1973). 

The concentration of potassium neither 
increases nor decreases throughout preg
nancy. Hence there is no significant 
change in the values of second and third 
trimesters of pregnancy for potassium. 
(P 0.05), as shown in Table II. 

The results of the previous studies have 
shown that there is a gradual increase in 
creatinine and urea concentration up to 36 
weeks of pregnancy followed by a mark
ed rise in their concentration thereafter. 
The normal mean for amniotic fluid crea
tinine from 3"6 weeks to term is 1.88 mg/ 
100 ml of amniotic fluid and the mean for 
urea N levels from 36 to 38 weeks is 
12.3038 mg/ 100 ml of amniotic fluid with 
a little decrease at 40 weeks i.e. 10.8923 
mg/ 100 ml amniotic fluid . 

This increase in the concentration of 
urea N and creatinine can be explained 
on the basis that with advancing gestation 
fetal urine makes an increasingly im
portant contribution to the amniotic fluid. 
As the fetal excretory products do not 
enter the maternal circulation they are 
veided in the surrounding amniotic fluid. 
Hence it is expected that as the fetus 
grows with the increasing maturity of its 
renal function, there is a gradual rise in 
the concentration of creatinine and urea. 
This indicates that the fetal micturition in 
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utero acts as the possible source of the 
increasing concentration of these sub
stances. It has been also noted that as 
pregnancy progresses the concentration of 
protein in amniotic fluid gradually de
creases (unpublished data). Creatinine 
and urea being metabolic waste products 
of protein metabolism, the opposite trends 
exhibited by their concentrations can 
suggest the possible use of amniotic fluid 
proteins as a source of nutrition by the 
growing fetus. This naturally reflects the 
progressive increase in the concentration 
of creatinine and urea with advancing 
pregnancy. 

Spellacy et al (1955), Wood and Sher
line (1975) have studied the levels of 
glucose in amniotic fluid and have stated 
its decreasing concentration with progress
ing gestation. Glucose which appears in 
the amniotic fluid is probably derived from 
several sources, including active secretion 
by the fetal kidneys and possibly the 
bowel. Some may diffuse across the 
membranes or umbilical cord. Since 
maternal and fetal glucose levels are re
latively unchanged from early to late preg
nancy, this diffusion would be relatively 
constant. But still a downward trend of 
glucose concentration is noted. This can 
be explained on the basis that due to im
proper establishment of tubular function 
during first half of pregnancy glucose is 
excreted in large amounts. But as the 
tubular reabsorptive power increases with 
advancing gestation the excretion of 
glucose gradually decreases which is 
noted by 20 weeks onwards. 

It is observed that during the second 
trimester of pregnancy fetal liver contains 
glycogen in low concentration, but near 
term there is a rapid and marked increase 
in glycogen content. This can also be the 
possible cause of gradual decrease in the 
concentration of glucose with the length 

of gestation. Hence glucose shows nega
tive correlation with the length of gesta
tion which is statistically highly significant 
(r = - 0.92446, P < 0.001). 

Considering the upward trends shown 
by creatinine and urea concentrations 
and downward trend of glucose concen
trations, it can be said that these three 
parameters indicate the progressive 
maturity of fetal kidneys. 

Table Ill presents the mean values of 
the biochemical paxameters of amniotic 
fluid studied by various investigators. As 
may be seen, our results for sodium and 
potassium are in agreement with those of 
Gillibrand (1969), whereas values for 
chlorides agree with those stated by Sinha 
and Carlton (1970) for second trimester 
of pregnancy. 

Our study reports low levels of crea
tinine and urea and high levels of glucose 
than those reported by Western investiga
tors indicated in Table III. As the mater
nal diet plays an important role in , the 
nutrition of the fetus, this difference in the 
values can be attributed to the dietary 
status of the Indian mothers. There is 
evidence (Pritchard and Macdonald, 
1980) that glucose and the naturally 
occuring forms of amnio acids readily 
cross the placenta to the fetus. The diet 
which contains large proportion of carbo
hydrates than proteins can contribute to 
the high levels of glucose and low levels 
of creatinine and urea (reported as urea 
N) which are metabolic waste products 
of proteins, in the amniotic fluid. 

From the presented data we conclude 
that analysis of amniotic fluid is a valu
able tool which furnishes information 
regarding the functional development of 
the fetus. As the data shows the changes 
in the composition of amniotic fluid which 
are closely related to the length of gesta
tion, reflecting the functional maturity of 
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BlOCHEMICAL STUDIES OF AMNIOTIC FLUID 

the fetus, it cari provide a valuable tech
nique to the obstetrician in estimating the 
gastational age with certainty atleast in 
90% of cases. 

Summary 

A tota of 237 samples of amniotic fluid 
\Vere analysed to establish the normal 
composition of amniotic fluid throughout 
pregnancy. Concentration of sodium and 
chloride decreases as the pregnancy pro
gresses, whereas there is no specific trend 
shown by the concentration of potassium. 
The increasing concentration of crea
tinine and urea N and decreasing concen
tration of glucose with the length of gesta
tion indicate the maturity of fetal renal 
function. The close relation of all these 
parameters with the length of gestation 
when studied simultaneusly would pro
vide a reliable information about the 
maturity of the fetus and would help the 
obstetrician to estimate the gestational age 
in cases of unreliable menstrual history. 
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