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Abstract 
 

Background: During the pregnancy the amount of polyamines spermine, spermidine and putrescine, rise rapidly in 

amniotic fluid. Polyamine oxidase (PAO) represents one of the key enzymes in catabolic pathway of polyamines. PAO 

catalyzes the oxidative deamination of spermine (Sp) or spermidine (Spd). The literature data documented that serum 

PAO activity increases in pregnancy. Diamine oxidase (DAO), histaminase, catalyses the oxidation of diamine 

putrescine or histamine. DAO is present in high concentrations in amniotic fluid. Amniotic fluid is the protective liquid 

for the baby in the mother’s uterus. The determination of the lecithin to sphyngomyelin (L/S) ratio is by far the most 

widely used and accepted method to assess the fetal lung immaturity. The idea of the present study was to elucidate the 

polyamine metabolism in amniotic fluid during the pregnancy, through investigation of polyamine oxidase (PAO) and 

diamine oxidase (DAO) activities, and to compare their activities with the values of lecithin/ sphingomielin ratio (L/S) 

ratio.  

Methods: The study included 170 pregnant women. The amniotic fluid samples were obtained using amniocentesis. 

The values of L/S ratio were estimated by a thin layer chromatography. PAO and DAO activities were measured by the 

spectrophotometric methods. 

Results: Our results confirmed that amniotic fluid possess PAO and DAO activity. The activities of both enzymes in 

amniotic fluid samples increase in parallel with the L/S ratio increase. Diamine oxidase activity was higher than 

polyamine oxidase activity. 

Conclusions: DAO and PAO activities may serve as markers of fetal lung maturity. 
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1. Introduction 

Polyamines - spermine, spermidine and putrescine are normal cellular constituents. As polycations, at physiological pH, 

they interact with negatively charged molecules, such as DNA, RNA, proteins and phospholipids. They play multiple 

roles in cell growth, survival and proliferation [1-7]. The recent data demonstrate a primary function of the spermidine 

and spermine in the regulation of translation in mammalian cells [8], [9]. Polyamines are the subjects of intensive 

research in order to elucidate their functions and the involvement in physiology. Polyamines are doing some important 

things, but we do not know what they are" [5], [7], [10-14]. 

It is well established that during the pregnancy the amount of polyamines rise rapidly in placenta and other tissues, in 

amniotic fluid, serum and urine [15-20], both in women and animals. 

Polyamine oxidase (PAO;
 
EC 1.5.3.11), a FAD containing enzyme, found in all vertebrate tissues and biological fluids, 

represents one of the key enzymes in catabolic pathway of polyamines. Polyamine oxidase (PAO) catalyzes the 
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oxidative deamination of spermine (Sp) or spermidine (Spd), producing spermidine or putrescine depending of substrate 

nature [21-24]. It is well documented that serum PAO activity increases in pregnancy [25], [26]. 

DAO, histaminase (EC, 1.4.3.6), a copper-containing enzyme catalyses the oxidation of diamine putrescine or 

histamine, producing GABA or MDA [27], [28]. GABA, synthesized from putrescine, is well known to function as an 

inhibitory neurotransmitter in the central nervous system [29], [30]. 

High diamine oxidase activities in placenta, serum and urine have been demonstrated during normal pregnancy [15], 

[16], [28], [31], [32]. DAO is present in high concentrations in amniotic fluid. It is produced by placental decidual cells 

and increases during pregnancy. Thats why DAO test is one of the first biochemical tests for the diagnosis of prelabor 

rupture of the membranes (PROM) [33-37]. Plasma diamine oxidase level correctly predicted the outcome of the 

pregnancy [38-41]. Abnormal levels of this enzyme, in amniotic fluid were found in 50% of the pregnancies in which 

severe disease was associated with fetal death [41-43].  

Amniotic fluid (AF) is the protective liquid that surrounds the baby while it is in the mother’s uterus. The essential 

function of amniotic fluid (AF) is to cushion the fetus. The fluid gives the fetus space to grow and allows it to undergo a 

`physical´ development. AF function is, also, to protect the fetus from trauma and to maintain temperature. It also has a 

minimal nutritive function [37], [42], [43]. This body fluid contains phospholipids, including phosphatidylcholin 

(lecithin), sphingomyelin, phosphatidylinositol and phosphatidylglyerol (PG), cholesterol, and a variety of proteins. 

Altogether, they compose surfactant, which is secreted by the fetal lungs into the amniotic fluid. Surfactant is required 

to decrease surface tension within the alveoli thereby preventing alveolar collapse of the lung at the end of expiration 

[44], [45]. The amount of these substances in the amniotic fluid changes towards the end of gestation in a manner 

related to fetal lung maturity [42], [45]. The lecithin/sphingomyelin (L/S) ratio is a biochemical test for measuring the 

maturity of baby's lungs. This test gives a unique ability to determine whether a baby will be able to breathe after 

delivery, or whether it will need the aid of a respirator. 

The determination of the lecithin to sphingomyelin (L/S) ratio is by far the most widely used and accepted method to 

assess the fetal lung immaturity [48], [49]. It is based on the original observations that lecithin (but not sphingomyelin) 

in the fetal pulmonary secretions increases after 32 to 33 weeks’ gestation and that neonatal RDS was uncommon after 

the L/S ratio reached 2.0, which occurs around 35 weeks in uncomplicated pregnancies. This cutoff has remained an 

accepted threshold for the determination of fetal pulmonary maturity. Infants who are born in the late preterm period 

(35–37 weeks’ gestation) are at increased risk of respiratory morbidity compared to infants born at term [42], [44], [45]. 

The probability of neonatal RDS using both gestational age and the L/S ratio may aid in clinical decision making, 

concerning the timing of delivery [45]. 

The idea of the present study was to elucidate the polyamine metabolism in amniotic fluid during the pregnancy, 

through the investigation of polyamine oxidase and diamine oxidase activities, the enzymes of catabolic pathways of 

polyamines, and to compare their activities with the values of lecithin/ sphingomielin ratio (L/S) ratio.  

2. Materials and methods 

The study included 170 pregnant women with both normal and pathological pregnancies, 18-43 years old, who have 

been hospitalized at the Clinic for Obstetrics and Gynecology in Clinical Center, Faculty of Medicine, and University of 

Nis, Serbia.  

The amniotic fluid samples were obtained using amniocentesis. Amniocentesis has been performed between 15
th

 and 

42
nd

 week of gestation, using ultrasound as a guide for needle placement. A small amount of amniotic fluid was taken 

out. The hemorrhagic samples have not been used for this study. The samples of amniotic fluid have been centrifuged at 

3000 rpm/min.The upper layer of liquid was stored in refrigerator at -20
o
C. The samples were used for polyamine 

oxidase and diamine oxidase activities and lecitine/sfingomyeline values ratio (L/S) analyses.  

L/S ratio was estimated by a thin layer chromatography using assay kit (Helena laboratory, Beaumont, Texas, USA). 

The L/S ratio of 0-1.5 points out the immature fetal lungs, the L/S ratio from 1.6 to 1.9 is considered to be borderline 

and, the L/S ratio over the 2.0 represents fetal lung maturity [46], [47]. 

PAO (spermine-tetrahydrochloride “Sigma” was used as substrate) and DAO (putrescine-dihydrochloride “Sigma” was 

used as substrate) activities were measured by the spectrophotometric method of Bacharach and Reaches [48], modified 

by Quash et al. [49]. One unit of the enzyme activity was defined as an increase in optical density of 0.100 at 660 nm. 

In parallel with the performance of the biochemical examinations, the clinical observation for the fetal maturity was 

done. 

The study was approved by the detailed information of every enrolled pregnant mother and their written consent was 

obtained prior to the sample collection. 

Statistics: The obtained results were statistically analyzed using Student's t-test applying the SPSS computer statistical 

program. All the results are presented as mean ± SD. 

3. Results 

Our results show that lecithin/sphingomyelin (L/S) ratio increases during the pregnancy. The highest values were found 

in the amniotic fluid obtained from the pregnant women during the third trimester of pregnancy (Fig 1).  
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Fig. 1: Values of L/S Ratio in Amniotic Fluid Samples during the Pregnancy 

 

Diamine oxidase activity in the amniotic fluid increases simultaneously with the increase of L/S ratio. There was an 

initial enzyme activity in amniotic fluid of immature embryos when L/S ratio was lower than 1.50 (the fetus signed as 

immaturus). In this period of gravidity, diamine oxidase activity was 0.51869 ± 0.197 U/ml of amniotic fluid. During 

the process of maturation, DAO activity increases in correlation with an increase of L/S values. It is found that DAO 

activity was higher in amniotic fluids when L/S ratio values were between 1.51 to 1.99, which means when fetuses were 

borderline. In this period of gravidity, DAO activity was 0.988043 ± 0.373 U/ml of amniotic fluid.  The highest DAO 

activity was detected when the values of L/S ratio were found to be 2.0 or higher, that is when the fetuses were 

considered mature; DAO activity was 3.946087 ± 1.325 U/ml of amniotic fluid (Fig. 2). 
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Fig. 2: Diamine Oxidase Activity in Amniotic Fluid during the Pregnancy (U/Ml) in Comparison with L/S Ratios. 

 

Polyamine oxidase activity in the amniotic fluid increases simultaneously with the increase of L/S ratio also. There was 

an initial enzyme activity in amniotic fluid of immature embryos when L/S ratio was lower than 1.50 (the fetus signed 

as immaturus). In this period of gravidity, PAO activity was 0.30695 ± 0.165 U/ml of amniotic fluid. During the process 
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of fetus’s maturation, PAO activity increases in correlation with an increase of L/S value. It is found that the PAO 

activity was higher in amniotic fluids with L/S ratio values between 1.51 to 1.99, which means that fetuses were 

borderline; in this period of gravidity, PAO activity was 0.848333 ± 0.377 U/ml of amniotic fluid. The highest PAO 

activity was detected when the values of L/S ratio were found to be 2.0 or higher, that is when the fetuses were mature; 

PAO activity was 2.461739 ± 0.767 U/ml) (Fig 3). 

 

0

0.5

1

1.5

2

2.5

3

3.5

Units/ml amn. fluid

Polyamine oxidase activity in amniotic fluids  in comparison with L/S ratio values ( mean ±  

Sd ) 

L/S 0-1.5 L/S 1.51-1.99
L/S > 2.0

 
Fig. 3: Polyamine Oxidase Activity in Amniotic Fluid during the Pregnancy (U/Ml) in Comparison with L/S Ratios. 

 

The increased levels of DAO and PAO activities correlate with the fetus’s maturity (Fig 4).  
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Fig. 4: The Dynamic of DAO and PAO Activities in Comparison with L/S Ratio in Amniotic Fluids during the Pregnancy. 

4. Discussion 

The three physiological polyamines, putrescine, spermidine and spermine, are all positively charged polycations at 

cellular pH and presumably function as stabilizing agents of RNA, DNA or negatively changed proteins. Polyamines 
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are key regulators of angiogenesis, early mammalian embryogenesis, placental trophoblast growth, and embryonic 

development in the uterus [13], [50], [51]. 

The pregnancy of the rat brings about profound changes of the accumulation, biosynthesis and biodegradation of the 

polyamines in the reproductive tissues. The investigations of pregnant animals point out that placenta contained 

relatively high initial concentrations of spermine, which however, rapidly decreased until the term [15], [16], [52-54], 

probably due to an increased PAO activity, also proved in our examination. Polyamine oxidase, an integral component 

of the polyamine interconversion pathway, has an important place in the regulation of cellular polyamine
 
levels [21-24]. 

There are many scientific data about PAO and DAO activity during women gravidity [25], [37]. 

Serum polyamine oxidase activity was significantly higher in the women having normal pregnancies Polyamine oxidase 

activity in amniotic fluid increased as pregnancy progressed. The enzyme found in amniotic fluid might be the 

consequence of diffusion from the decidua through the membranes [32], [38], [55]. According, the increasing of PAO 

activity during the pregnancy, observed in our investigation with amniotic fluid, may be explained in the context of 

maintaining the levels of polyamines in physiological ranges which support normal embryo development during the 

pregnancy. Placenta is rich in spermine and PAO. The interaction of polyamine oxidase with substrate is a part of 

maternal protective mechanism against fetal rejection. The increase of polyamine oxidase activity during the pregnancy, 

observed in our investigation, might have an immunoregulatory function in the placental bed, which might contribute to 

the protection of the fetoplacental unit from possible maternal immune rejection [26]. 

Also, the observed PAO activity changes in amniotic fluid may reflect the polyamine synthesis rate and the metabolic 

activity in human placenta during pregnancy.  

DAO is synthesized by decidual and trophoblast cells, leading to high DAO levels during pregnancy [37], [56]. DAO 

activity, dramatically increased (10- and 20-fold) in maternal liver and kidney in the second half of pregnancy. The 

activity of diamine oxidase, increases up to 1000-fold in blood of pregnant women [38]. 

The behavior of DAO suggests that the enzyme plays an important role in the control of intracellular diamine 

concentration [19].  

As histamine-degrading enzyme, DAO is produced in high amounts by the placenta and has been supposed to act as a 

metabolic barrier to prevent excessive entry of bioactive histamine from the placenta into the maternal or fetal 

circulation. The balance between histamine and DAO seems to be crucial for an uncomplicated course of pregnancy, 

[56-58].  

The increase in diamine and polyamine oxidases activities is associated with an enhanced content of polyamines [59]. 

Thus, we suggest that the increased DAO and PAO activities in amniotic fluid may represent means by which the 

excess of polyamines can be removed and polyamine amounts controlled. 

5. Conclusion 

Based on the obtained results, we suggest that PAO and DAO activities in amniotic fluid, beside the other applicable 

biochemical and clinical tests, may serve as an important prerequisite for the accurate prediction of fetal lung maturity. 
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