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Free amino acids in human fetal liver and fluids at
12-17 weeks of gestation

Eric Jauniaux'#, Beatrice Gulbis® and Erik Gerloo?® et al, 1990, 1996; Jauniawet al, 1994, 1998a). Comparative
investigation of materno-fetal amino acid distribution has been
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WCIE 6HX, UK The majority of amino acids incorporated into newly synthe-
The concentration of 23 free amino acids was measured in Sized proteins in the rat fetus are supplied, all through gestation,5
homogenates of fetal liver and samples of fetal plasma by digestion of protein in extraembryonic tissue, mainly in the
from 20 pregnancies between 12 and 17 weeks gestation visceral yolk sac (Beckmast al, 1997). In the human, the
and compared with those found in matched samples of Yolk sac is only a transitory organ whose metabolic role is §
maternal plasma and amniotic fluid. A feto-maternal  progressively taken over by the liver during the second month
plasma concentration gradient was observed for 21 amino of pregnancy (Gitlinet al, 1972). The enzymatic mechanism §
acids indicating that the feto-maternal amino acid gradient ~ necessary for the biosynthesis of an amino acid, such as>
across the placenta is established from very early in phenylalanine hydroxylase activity, has been demonstrated in3
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pregnancy. The amino acid concentration pattern was thefirsttrimester human fetal liver (Jakubovic, 1971). However, f:i
similar in fetal plasma and amniotic fluid but different in the first and early second trimester fetal liver is primarily a =
fetal liver, supporting the concept that it is essentially —haematopoietic organ and many liver enzymes are still imma- @
placental transport and metabolism that provides the fetus  ture at birth (Blackburn and Loper, 1992). Around 16 weeks, &
with these molecules. The highest amino acid concentration the fetal haematopoiesis is progressively transferred from the
was found for glutamine in fetal plasma and glutamic acid liver to the bone marrow and the liver starts producing bile &

in fetal liver. Very low concentrations of glutamic acid in ~ pigment (Hamilton and Mossman, 1972). This is also the time QS
fetal plasma suggest that this amino acid is actively taken of onset of hepatic glycogenesis. Data on human fetal Iiver§
up by the fetal liver. Citrulline, o-aminobutyric acid, amino acid uptake and metabolism during this transitional ©
methionine, arginine and tryptophan were not measurable phase are not available. P
in fetal liver tissue, indicating that this organ has a limited We have therefore studied the distribution of free amino &
role in utero in the metabolism of these amino acids. acids in the materno-fetal fluid system between 12-17 Weeksé'
Significant positive correlations were found between fetal —of gestation and evaluated the amino acid pools in correspond-v
plasma and amniotic fluid for the concentration of most ing fetal liver tissue.

amino acids whereas only the concentration of threonine

was found to be positively correlated between fetal liver

and plasma. These results suggest that during the second Materials and methods

trimester passive diffusion through the unkeratinized fetal ~ Samples of fetal liver, fetal blood, amniotic fluid and maternal venous
skin is the main pathway for amino acids between the fetal blood were obtained from 20 healthy patients at 12—-17 weeks gestation
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circulation and the amniotic cavity. during surgical termination of pregnancy under general anaesthesia
Key words: amino acid/amniotic fluid/fetus/liver/second tri- for psychological reasons. All procedures were performed between
mester 10.00 and 12.00 a.m. after an overnight fast of 12 h. Gestational age

was determined from the date of the last menstrual period and

confirmed by ultrasound measurement of the biparietal diameter and

femur length. Only pregnancies which had been uncomplicated and
Introduction with a fetal heart rate within normal range were incorporated in

di f . id . . | blood éhe study.
Studies of amino acid concentration in maternal blood an After written informed consent, fetal blood and amniotic fluid

fetal fluids have increased our understanding of the interactiogamples of 1.0 ml minimum were aspirated by transabdominal

petween_ maternal and fe_tal protein meta_lbolism in normal anguncture. Amniotic fluid was first aspirated using a 22-gauge needle
intrauterine growth-restricted pregnancies (Mcintaghal,  inserted inside the amniotic cavity through a 20-gauge guide. Sub-
1984; Kamounet al., 1985; Economidest al, 1989; Cetin  sequently, a new 22-gauge needle was re-introduced through the

1638 © European Society of Human Reproduction and Embryology



Amino acids in second trimester human fetus

FETAL/MATERNAL RATIO
N

0 ——— T T T T T T T

ORN LYS ASP TYR TAU PRO ARG ABU MET VAL THR PHE ILE SER LEU ALA GLN GLY GLU HIS CIT ASN TRP

Figure 1. Feto/maternal ratio of the mean plasma concentration of 23 amino acids (standard abbreviations) at 12—-17 weeks gestation.
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Figure 2. Mean (= SEM) concentrations of 23 amino acids (standard abbreviations) in 20 matched samples of amniotic fluid, fetal plasma

and liver tissue.

guide into fetal blood via intracardiac puncture as previously describechl phenylmethylsulphonyl fluoride, 1@ug/ml of soybean trypsin
(Jauniauxet al, 1998b). Simultaneously, maternal blood samplesinhibitor and 2 pg/ml of aprotinin and stored at —70°C. Plasma,
were collected from an antecubital vein and centrifuged. This studymniotic fluid and liver samples were each mixed with an equal
was approved by the University College London Hospitals Committeezolume (200 pl) of 10% (w/v) sulphosalicylic acid containing
on the Ethics of Human Research. diaminobutyric acid (25@umol/l) and left to stand at 4°C for 30 min.
Fetal liver tissue samples were separated using a dissecting micréfter centrifugation at 3000 r.p.m. for 10 min at 4°C, the pH of the
scope and small pieces were immediately frozen in liquid nitrogensupernatant was adjusted to 2.2 using LIOH 1 M. All samples were
All samples were stored for less than 6 weeks at —70°C withoupassed through a cellulose acetate centrifuge filter with Qu22
preservative until assayed. Samples of liver tissue were homogenizgmbre size (Micro Spin; Alltech Associates Inc., Deerfield, UK) and
individually in five volumes of sucrose (0.25 M) containing 50 mM measured using a Biochrom 20 amino acid analyser with ninhydrin
Tris—HCI buffer (pH 7.0), 1 mM dithiothreitol, 1 mM EDTA, 100g/ detection (Pharmacia LKB, Biochrom Ltd, Cambridge, UK). Peak
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Table I. Relationships between fetal plasma (FP) and fetal liver (FL) and
amniotic fluid (AF) amino acid concentrations in a series of 20 samples

fetal liver and amniotic fluid amino acid concentrations. A
significant positive correlation was found between fetal plasma
and amniotic fluid concentrations of taurine, threonine, serine,

Amino acid FL versus FP FP versus AF asparagine, glycine, alanine, citrulling;aminobutyric acid,

. b b valine, methionine, isoleucine, tyrosine, ornithine, lysine, histi-

dine and tryptophan. Only one significant positive correlation

Taurine 0.32 NS 050 < 0.05 was observed between fetal liver tissue and plasma, for the
Aspartic acid -042 NS 008 NS concentration of threonine.
Threonine 0.65 <0.01 0.56 < 0.05
Serine 0.08 NS 0.63 < 0.01
Asparagine -0.34 NS 049 <0.05 . .
Glutamic acid 0.21 NS 0.44 NS Discussion
Glutamine 0.04 NS 0.20 NS . .
Proline 016 NS 009 NS T.he transport of amino acujs from maternal bloqd to the fetal
Glycine -0.22 NS 0.60 <0.01 circulation occurs mainly via an active mechanism based on ¥
Alanine 023 NS 0.66 <0.01 specific transporters located in villous syncytiotrophoblast 5
Citrulline N/A 069  <0.01 Sib d Bovd. 1992). At 12-17 K f | 8
a-Aminobutyric acid N/A 0.85 < 0.001 (Si ?y an oyd, )- t_ ! weeks, a feto-maternal §
Valine 0.11 NS 0.72 < 0.005 gradient for 21 out of 23 amino acids measured was found. &
Methionine N/A 056  <0.05 The amino acid pattern in maternal and fetal plasma wasg
Isoleucine 0.25 NS 059 <o0.01 imil h db h h h btained thei 3
Leucine 026 NS 044 NS similar to that reported by other authors who obtained their =
Thyrosine 0.21 NS 0.50 < 0.05 samples by cordocentesis during the second half of pregnancyg
Phenylalanine -017 NS 0.35 NS (Economideset al, 1989; Cetinet al, 1990, 1996). In 5
Ornithine 034 NS 0.70 < 0.005 cular in thi v i b d that ine. lvsine. S
Lysine 019 NS 067 <001 partlpu ar, |rjt is study it was observe that 9 utamine, lysine, 2
Histidine -021 NS 050 < 0.05 alanine, valine and threonine, which are the five most abundants
Arginine N/A 040 NS amino acids in fetal plasma after 18 weeks, were also the mostS
Tryptophan N/A 056 < 0.05

NS = not significant; N/A= not applicable.

abundant at 12—-17 weeks. This indicates that the villous aminoé
acid transporters establish a feto-maternal gradient from very§
early in pregnancy and that the functioning of specific trans-

. . . . g
integration was performed using an SP4270 integrator coupled to Borters is similar throughout pregnancy. 3
personal computer equipped with WINner software (Spectra Physics, The feto-maternal ratio of most amino acids at 12—17 weeks®©

San JoseCA, USA). The interassay coefficients of variation for o, ceeqeq those observed in later gestational periods. It has:
residues were below 9%. The lower limit of detection of the method . L L9
previously been shown that the total and individual free amino

was 5umol/l for all amino acids, except for arginine and tryptophan id . ianifi v higher i lomic fluid
for which it was 10umol/l. acid concentrations are significantly higher in coelomic flui

The total protein concentration in each sample was measured by32mMples from first trimester pregnancies than in maternal seru 5
dye-binding method (Sopachem cat. 003.0309.02; Sopar Biochen@nd that they decrease with advancing gestational age in bothx
Brussels, Belgium) with a spectrophotometric end-point. The Precimagoelomic fluid and maternal serum (Jauniaei al, 1994,
Protein Solution (Boeringher, Mannheim, Germany) was used for thd998a). The concentration of some amino acids such asy
calibration curve. methionine and tyrosine in fetal plasma and phenylalanine and?

Individual correlation between concentration of the different freegrnithine in maternal serum continues to decrease during the;

amino acids in fetal liver, blood and amniotic fluid was calculatedsecond and third trimesters (Cetihal., 1990, 1996). Changes &
by the least squares method, and their slopes tested for significanpﬁ fetal plasma amino acid concentrations may thus be relatedg'
by theF ratio test. A biomedical data processing statistical packag N

(Statgraphics; Manugistics, Rockville, MD, USA) was used for% variation in fetal organ amino acid uptake as pregnancy

the analysis, and results were considered statistically significan‘?dvances' . . . 5
In the present study it was found that glutamic acid and €

&/9/17
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atP < 0.05. . . . . . .2
glycine were in the highest concentration of any amino acids é
in fetal liver tissue. The glutamic acid/glutamine ratio was 7.9 3

Results compared to 0.2 in both maternal and fetal plasma. It has

The feto-maternal ratio for each amino acid is displayed inrecently been shown (Jauniawet al, 1998a) that at 7-11
Figure 1. Ornithine and lysine had ratios ranging between 3veeks of gestation, the placenta also contains a proportionally
and 4. All other amino acids had ratios ranging between 1 andigh glutamic acid concentration, with a glutamic acid/glutam-
3. Glutamine, lysine, alanine, valine and threonine had théne ratio of 2.9. The placental transport of acidic amino acids
highest mean concentration in fetal plasma samples (Figure 25 unique because, unlike other amino acids, they are not
The amino acid concentration pattern was similar in fetatransferred across the human placenta (Schneateal.,
plasma and amniotic fluid but different in fetal liver (Figure 2). 1979a,b). The main route of glutamic acid metabolism in the
The highest fetal liver amino acid concentrations were foundrophoblast seems to be oxidation to £@nd it is also
for glutamic acid, glycine, alanine, taurine and serine (Figure 2)metabolized to lactic acid and glucose (Broedeal., 1994).
Citruline, a-aminobutyric acid, methionine, arginine and tryp- The very low fetal plasma concentration of this amino acid
tophan were not detectable in fetal liver tissue. Alanine haduggests that it may be actively taken up by the fetal liver.
the highest median concentration in amniotic fluid samples. Data to support the production of specific amino acids
Table | presents the relationships between fetal plasma analithin the fetal liver derive from tracer studies which cannot

1640



Amino acids in second trimester human fetus

possibly be performed in the human. Using a fetal lambgrant of the Fonds National de la Recherche Scientifique (No.
model, Vaughret al. have recently demonstrated that maternal®-4523.97)

glutamine, which is transported across the placenta, is also

taken up by the fetal liver (Vaughet al, 1995) Around 40— References
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