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Abstract: Ferritin is an indirect marker for total body iron stores. Comparison of the ferritin concentrations in 

the meconium with the concentrations of proteins regulating iron metabolism could aid better understanding 

of principles behind the adjustment between the fetal iron pool and newborn body size. Ferritin, transferrin, 

haptoglobin, ceruloplasmin, lactoferrin, myeloperoxidase, neutrophil gelatinase-associated lipocalin (NGAL) 

and calprotectin concentrations were measured by ELISA in meconium samples from 122 neonates. The 

neonates were classified according to the meconium ferritin tertiles and the values were collated with the 

meconium concentrations of other proteins and newborn body weight and length measurements. Increasing 

ferritin concentrations in meconium in consecutive tertiles (p<0.05) were parallel to increased NGAL 

concentrations (p<0.05). The interrelationships between the meconium concentrations of transferrin, 

haptoglobin and NGAL as well as between myeloperoxidase, calprotectin and lactoferrin are maintained in all 

subsequent tertiles of ferritin concentrations, (p<0.05). In contrast to ferritin, increasing meconium NGAL 

concentrations in consecutive tertiles were linked to increased concentrations of transferrin, haptoglobin, 

lactoferrin and myeloperoxidase (p<0.05) and of calprotectin, ferritin and ceruloplasmin (p<0.1). Meconium 

ceruloplasmin concentrations correlate exclusively with neutrophil granule proteins, i.e. myeloperoxidase, 

NGAL, lactoferrin and calprotectin (p<0.05). Meconium ferritin concentrations negatively correlates with birth 

weight (r= -0.20) and length (r= -0.31) of neonates, whereas NGAL concentrations just with birth length (r= -

0.26). The remaining proteins did not show such relationships with the size of the newborn. High meconium 

concentrations of both ferritin and NGAL may specifically characterize neonates of smaller size. High 

meconium concentrations of both ferritin and NGAL may specifically characterize neonates with lower body 

measurements. Correlations between meconium transferrin, haptoglobin and NGAL may confirm the 

interrelationships of these proteins for proper iron control and transport in the intrauterine environment. 

Meconium ceruloplasmin concentrations may reflect the control of neutrophil activity in utero. 

Keywords: calprotectin; ceruloplasmin; ferritin; fetus; haptoglobin; iron; lactoferrin; meconium; NGAL; 

transferrin  

 

1. Introduction 

Until now, the mechanisms controlling iron homeostasis during fetal development remain 

unclear. Both iron deficiency and iron overload during fetal and neonatal period may lead to 

dysfunction of the developing organs [1–3]. Ferritin plays essential roles in cellular and systemic iron 

homeostasis, sequesters excess intracellular iron, thus protecting cells from oxidative stress, and 

stores iron for future use in conditions of deficiency or high demand [2,4,5]. Low ferritin 

concentration is highly specific as an indirect marker for deficiency of total body iron stores. High 

ferritin concentration may indicate increased iron stores, but it may also be as a result of ferritin being 
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released from damaged cells, increased synthesis and/or increased cellular secretion of ferritin upon 

various stimuli such as cytokines, oxidants, hypoxia, oncogenes and growth factors [6]. 

The complex process of iron homeostasis control in the human body depends on a close 

coordination of iron absorption, storage and transfer within the body involving proteins with distinct 

biological functions [3,7]. Mammalian iron metabolism is tightly regulated both at cellular and 

systemic levels [4]. Sufficient equipment and proper distribution of iron in the intrauterine 

environment may affect the conditions for fetal growth and development. In the present study, 

meconium was used as a biological material specific to the fetal development, which contains 

numerous proteins representing the intrauterine environment [8]. The selection of proteins to be 

determined in meconium samples was based on the well-established knowledge of their highly 

specialized role in maintaining iron homeostasis, including intracellular iron storage function 

(ferritin - FT, lactoferrin - LTF) [4,6,9,10], iron transport through the blood to various tissues 

(transferrin - TF) [11], iron delivery and export from cells (neutrophil gelatinase-associated lipocalin 

- NGAL) [12,13], iron chelation which deprives bacteria of their essential nutrient (calprotectin - 

protein S100-A8) [14–16], heme iron recovery (haptoglobin - HP) [17], and oxidizing of Fe2+ (ferrous 

iron) to Fe3+ (ferric iron) (ceruloplasmin - CP, myeloperoxidase - MPO) [18–21]. 

The aim of the study was to investigate the relationship between increasing ferritin 

concentrations in meconium and a panel of proteins, controlling iron metabolism through various 

mechanisms, which concentrations were adjusted to ferritin tertiles ranges and to assess the possible 

impact of proteins on the newborn's body size. 

2. Results 

The mean concentration of ferritin (µg/g) in 122 meconium samples was 78.57 ± 49.6, range 13.01 

- 286.25. Table 1 presents meconium ferritin concentrations in each tertile and the corresponding 

concentrations of transferrin, haptoglobin, ceruloplasmin, myeloperoxidase, lactoferrin, NGAL and 

calprotectin measured in meconium.  

Table 1. Meconium ferritin concentrations in consecutive tertiles and the corresponding 

concentrations of other iron regulatory proteins. 

Meconium  

protein (µg/g) 

Meconium ferritin tertiles 

Mean ± SD, median, range 

  

p 

 I (n=40) II (n=41) III (n=41) 

Ferritin 34.9±8.8.8a 

35.0 

13.0-49.9 

66.32±12.22b 

65.74 

50.76-86.60 

133.45±45.52c 

117.66 

87.47-286.25 

<0.001 

Transferrin  68.85±126.36 

9.95 

1.72-475.41 

40.98±87.37 

11.72 

1.06-431.94 

58.30±111.21 

23.51 

1.69-655.74 

0.197 

Haptoglobin  1.04±0.66 

0.69 

0.59-2.84 

1.26±1.93 

0.69 

0.57-12.59 

1.43±1.27 

0.74 

0.56-6.36 

0.116 

Ceruloplasmin 43.40±44.62 

25.08 

2.66-186.22 

32.56±25.47 

23.42 

1.59-92.96 

40.14±42.67 

26.59 

0.86-218.49 

0.898 

Lactoferrin 50.68±80.61 

14.30 

1.10-287.20 

27.85±50.97 

13.70 

1.00-322.10 

24.02±44.69 

10.95 

0.90-267.70 

0.187 

Myeloperoxidase 3.26±5.25 1.82±2.44 1.90±2.21 0.894 
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1.57 

0.04-22.04 

1.42 

0.21-15.81 

1.09 

0.08-12.16 

NGAL 2.18±2.21d 

1.48 

0.59-13.61 

2.15±1.73e 

1.66 

0.62-8.23 

3.24±2.65f 

2.45 

0.70-12.81 

0.016 

 

Calprotectin 276.30±259.08 

195.29 

12.39-1284.67 

241.92±131.89 

236.83 

35.70-527.84 

201.50±198.74 

123.33 

14.07-806.38 

0.056 

NGAL - neutrophil gelatinase-associated lipocalin, The measurements are presented as mean ± SD; 

median; range; p value for multiple comparisons (two-way) in the Kruskal–Wallis ANOVA test. 

Statistically significant differences: a vs. b; a vs. c; b vs. c and d vs. f; e vs. f. 

Statistically significant increases of proteins concentrations in meconium concentrations parallel 

to ferritin concentrations in consecutive tertiles were found for NGAL only (p<0.05). Considering 

these changes in NGAL concentrations, parallel to those in ferritin concentrations, meconium 

concentrations of iron regulatory proteins were compared against NGAL tertiles (Table 2). 

Table 2. Meconium NGAL concentrations in consecutive tertiles and the corresponding 

concentrations of other iron regulatory proteins. 

Meconium  

protein (µg/g) 

 Meconium NGAL tertiles    

Mean ± SD, median, range  

 

p 

I (n=40) II (n=41) III (n=41) 

NGAL 1.01±0.17 

1.02 

0.59-1.31 

1.73±0.28 

1.69 

1.31-2.45 

4.81±2.67 

3.83 

2.52-13.61 

<0.000 

Lactoferrin 20.94±21.64 

14.20 

1.10-112.10 

22.09±41.98a 

9.10 

0.90-207.00 

58.71±90.29b 

22.20 

1.10-322.10 

0.035 

 

Myeloperoxidase 1.68±1.21 

1.62 

0.04-6.64 

1.40±1.84a 

0.79 

0.09-8.23 

3.86±5.52b 

1.79 

0.06-22.04 

0.003 

 

Calprotectin 197.73±169.87 

128.55 

12.39-662.69 

224.17±172.62 

195.97 

14.14-806.38 

295.91±248.99 

252.27 

14.07-1284.67 

0.081 

Ferritin  64.70±40.81 

53.36 

14.97-237.02 

80.08±49.12 

72.37 

13.01-254.02 

90.60±55.37 

81.71 

25.503-286.25 

0.054 

Transferrin 20.94±50.28c 

9.50 

1.72-307.34 

34.56±68.48a 

12.62 

1.69-369.35 

111.46±154.79b 

46.19 

1.06-655.74 

0.000 

 

Haptoglobin  0.74±0.28c 

0.66 

0.56-1.77 

1.20±1.88a 

0.72 

0.59-12.59 

1.77±1.31b 

1.11 

0.58-6.36 

0.000 

 

Ceruloplasmin 33.01±30.00 

18.02 

28.95±21.37 

22.64 

53.72±52.49 

35.42 

0.090 
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1.59-109.02 1.35-79.01 0.865-218.49 

NGAL - neutrophil gelatinase-associated lipocalin. The measurements are presented as mean ± SD; 

median; range; p value for multiple comparisons (two-way) in the Kruskal–Wallis ANOVA test. 

Statistically significant differences: a vs. b; b vs. c. 

Consecutive NGAL tertiles were associated with increases in lactoferrin, myeloperoxidase, 

transferrin and haptoglobin concentrations (p<0.05) and calprotectin, ferritin and ceruloplasmin 

concentrations (p<0.1). 

Correlations between individual proteins were assessed for consecutive ferritin tertiles (Table 3) 

and consecutive NGAL tertiles (Table 4). 

Table 3. Correlations between individual proteins in consecutive meconium ferritin concentration 

tertiles (p<0.05). 

Significant 

correlation  

between proteins   

Meconium ferritin concentration range [ug/g] in consecutive tertiles      

13.01 – 49.89 

(n=40) 

50.76 – 86.60 

(n=41) 

87.47 – 286.25 

(n=41) 

Ferritin vs No correlation  

 

No correlation  No correlation 

Transferrin  vs Haptoglobin r=0.67 

NGAL r=0.45 

Calprotectin r=0.39 

Lactoferrin r=0.33 

Haptoglobin r=0.74 

NGAL r=0.37 

Haptoglobin  r=0.78 

NGAL r=0.66 

Haptoglobin  vs Transferrin r=0.67 

NGAL r=0.42 

Transferrin r=0.74 

NGAL r=0.35 

Transferrin r=0.78 

NGAL r=0.66 

Ceruloplasmin vs Lactoferrin r=0.68 

Myeloperoxidase r=0.62 

NGAL r=0.50 

Calprotectin r=0.49 

No correlation Lactoferrin r=0.57 

Myeloperoxidase r=0.44 

Lactoferrin  vs Myeloperoxidase r=0.85 

Calprotectin r=0.45 

Ceruloplasmin p=0.68 

Transferrin r=0.33 

Myeloperoxidase r=0.73 

Calprotectin r=0.38 

Myeloperoxidase r=0.78 

Calprotectin r=0.33 

Ceruloplasmin p=0.57 

 

Myeloperoxidase vs Lactoferrin r=0.85 

Calprotectin r=0.48 

Ceruloplasmin r=0.62 

Lactoferrin r=0.73 

Calprotectin r=0.35 

Lactoferrin r=0.78 

 

Ceruloplasmin  r=0.44 

NGAL vs Transferrin r=0.45 

Haptoglobin r=0.42 

Ceruloplasmin r=0.50 

Calprotectin r=0.38 

Transferrin r=0.37 

Haptoglobin r=0.35 

Transferrin r=0.66 

Haptoglobin r=0.66 

Calprotectin vs Lactoferrin r=0.47 

Myeloperoxidase r=0.48 

NGAL r=0.38 

Ceruloplasmin r=0.49 

Transferrin r=0.39 

Lactoferrin r=0.38 

Myeloperoxidase r=0.35 

Lactoferrin r=0.33 

NGAL - neutrophil gelatinase-associated lipocalin. 
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Table 4. Correlations between individual proteins in consecutive meconium NGAL concentration 

tertiles (p<0.05). 

Significant 

correlation  

between proteins   

Meconium NGAL  concentration range [µg/g] in consecutive tertiles      

0.59-1.31 

(n=40) 

1.31-2.45 

(n=41) 

2.52-13.61 

(n=41) 

NGAL vs Transferrin r= 0.35 

 

No correlation Transferrin r= 0.58 

Haptoglobin r= 0.48 

Lactoferrin  vs Ceruloplasmin r= 0.46 

Myeloperoxidase r= 0.73 

Calprotectin r= 0.57 

Ceruloplasmin r= 0.59 

Myeloperoxidase r= 0.61 

 

Ceruloplasmin r= 0.46 

Myeloperoxidase r= 0.85 

Calprotectin r= 0.48 

Myeloperoxidase vs Ceruloplasmin r= 0.37 

Lactoferrin r= 0.73 

Calprotectin r= 0.50 

Ceruloplasmin r= 0.58 

Lactoferrin r= 0.61 

 

Ceruloplasmin r= 0.33 

Lactoferrin r= 0.85 

Calprotectin r= 0.39 

Calprotectin vs Lactoferrin r= 0.57 

Myeloperoxidase r= 0.50 

 

No correlation 

 

Lactoferrin r= 0.48 

Myeloperoxidase r= 0.39 

Ferritin r= -0.40 

Ferritin vs No correlation No correlation Calprotectin r= -0.40 

 

Transferrin  vs Haptoglobin r= 0.55 

NGAL r= 0.35 

Haptoglobin r= 0.57 Haptoglobin r= 0.86 

NGAL r= 0.58 

Haptoglobin  vs Transferrin r= 0.55 Transferrin r= 0.57 

 

Transferrin r= 0.86 

NGAL r= 0.48 

Ceruloplasmin vs Lactoferrin r= 0.46 

Myeloperoxidase r= 0.37 

 

Lactoferrin r= 0.59 

Myeloperoxidase r= 0.58 

 

Lactoferrin r= 0.46 

Myeloperoxidase r= 0.33 

 

NGAL- neutrophil gelatinase-associated lipocalin. 

No correlation was established between meconium ferritin concentration and any of the other 

proteins (p>0.05). Based on the results presented in Table 3 two groups of proteins can be 

distinguished which maintained their correlations in consecutive meconium ferritin tertiles (p<0.05). 

These are transferrin, haptoglobin and NGAL and the neutrophil-derived proteins lactoferrin, 

myeloperoxidase and calprotectin. Meconium ceruloplasmin was found to correlate with the 

neutrophil-derived proteins only (p<0.05). The largest in numbers and the strongest correlations 

between proteins were found at ferritin concentrations in meconium below 50 µg/g. 

Meconium NGAL concentrations were found to significantly correlate with transferrin and 

haptoglobin (p<0.05). The largest in numbers of correlations between proteins were found at NGAL 

concentrations in meconium over 2.52 µg/g. 

The graph in Figure 1 shows associations between concentration of ferritin (A) and NGAL 

concentration (B) in meconium and newborn's body size. 
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Figure 1. Associations between concentration of ferritin (A) and neutrophil gelatinase-associated 

lipocalin - NGAL (B) in meconium and birth weight and birth length. 

Negative correlations between ferritin concentration in meconium and birth weight and length 

(r=-0.20, r= -0.31, respectively) and of NGAL and birth length (r= -0.26) indicate involvement of these 

proteins in fetal development and effect on the size. 

3. Discussion 

The characteristic associations between ferritin concentrations and a panel of protein regulators 

of iron metabolism found in meconium at birth may suggest possible non-invasive insight into the 

iron homeostasis of the intrauterine environment and provide new knowledge about fetal 

development. Unlike conventional laboratory tests performed in the newborn, measurements of 

proteins accumulated in the fetal intestine from 12 weeks gestation and excreted with meconium after 

birth may offer specific information about their involvement in sustained metabolic processes active 

during the period of fetal development [22–24]. 

A developing fetus needs to be supplied with adequate amounts of iron, which is essential for 

the key physiological and developmental processes [25]. At term, 70-80% of fetal iron is present in red 

blood cells as hemoglobin, 10% in tissues as myoglobin and cytochromes and the remaining 10-15% 

stored in reticuloendothelial and parenchymal tissues as ferritin and hemosiderin [2,26]. In humans, 

iron incorporated into proteins controls formation of reactive oxygen species, thus protecting cells 

against damage to the lipid membranes, proteins and DNA, cell death and tissue injury [25]. Iron 

endowment of the fetus is entirely dependent on iron transport through the placenta from the 

maternal circulation and on iron recycling from aged cells [1,2,17,25,27,28]. These processes involve 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 August 2024                   doi:10.20944/preprints202407.2596.v1

https://doi.org/10.20944/preprints202407.2596.v1


 7 

 

functional proteins which perform the essential task of protecting the body against iron toxicity and 

at the same time maintaining iron homeostasis. 

Meconium contains proteins [8], whose properties and involvement in the regulation of iron 

metabolism may explain the role(s) they play during fetal development [23,29]. A question arises 

whether the panel of meconium proteins presented in this study may aid understanding of metabolic 

processes involved in iron endowment of the fetus. The answer may provide practical diagnostic 

tools to assess the effect of the intrauterine environment on the fetal health. 

The diagnostic significance of high meconium concentrations of ferritin and their variations, 

presented for the first time in this paper, remains unclear. Ferritin is the most frequently requested 

laboratory test as an indirect marker for total iron stores, plays essential roles in cellular and systemic 

iron homeostasis, sequesters excess intracellular iron, thus protecting cells from oxidative stress and 

stores iron for future use in conditions of deficiency or high demand [2,4,5]. A tight control of iron 

homeostasis in the body is ensured by functionally differentiated proteins and macrophages which 

have an essential role in iron recycling in the body [28]. Macrophages with cytosolic iron deposited 

in ferritin are considered ‘a relay station’ for iron redistribution [28,30]. Macrophages specialized in 

the ingestion and degradation of red blood cells mainly acquire heme iron, while other types of 

macrophages to prevent the release of potentially toxic free heme can obtain iron through alternative 

mechanisms. These include cell-free hemoglobin bound to haptoglobin and the resulting complex 

bound by macrophage transmembrane receptor CD163 and transferrin-bound iron as the main form 

of iron present in the bloodstream which delivers iron by transferrin receptor (TFR1) [30]. Iron 

overload is a typical effect of iron recycling by reticuloendothelial macrophages. Macrophage-specific 

mechanisms can internalize large amounts of heme iron also under pathological conditions that are 

characterized by an oxidative microenvironment and have a remarkable capacity to tolerate iron 

excess [28,30]. These observations from the literature may explain the absence of any changes and 

correlations between increasing meconium ferritin concentrations and other meconium proteins, 

except for NGAL, found in this study. Independent of ferritin concentrations, the significant 

correlations between the meconium concentrations of haptoglobin, transferrin and NGAL are 

evidence of their shared biological task of controlling intra- and extravascular iron and its delivery to 

macrophages. The findings indicate a significant interaction between transferrin, NGAL and 

haptoglobin in their role as a transporter of hemoglobin released from senescent or damaged red 

blood cells at different anatomical sites in the fetus. 

A question arises which properties of NGAL may be responsible for selective adjustment of its 

concentrations in response to increases in meconium ferritin concentrations. NGAL, a 25 kDa protein 

secreted mostly by immune cells such as neutrophils, macrophages and dendritic cells is an iron 

transporter, a member of the lipocalin superfamily. NGAL does not bind iron directly but tightly 

binds ferric siderophores and is an essential component of the innate immune system. The molecule 

of NGAL containing iron interacts with receptors on the cell surface, transports iron into the cell and 

releases it inside. NGAL that is not bound to iron also interacts with the cells surface receptors which 

results in an intracellular iron transfer out of the cell [12,13,28,31]. During pregnancy NGAL is 

expressed in trophoblast cells and its gene is upregulated in cytotrophoblast via stimulation by TNF-

alfa. Higher levels of NGAL protein were found in placental tissues of patients with preeclampsia 

compared with normal pregnancies [12,13]. 

The main features of ferritin and NGAL suggest that the control over iron homeostasis exerted 

by these proteins plays an essential role in the development of inflammation. Cellular and systemic 

ferritin levels are not only crucial indicators of iron status but are also important markers of 

inflammation, and immunological and malignant disorders [1,26,27]. Pathologic conditions are 

related not only to systemic dysregulation but also affect tissue iron balance. High ferritin may 

indicate increased iron stores and is also a result of ferritin being released from damaged cells, 

increased synthesis and increased cellular secretion of ferritin upon stimuli such cytokines, oxidants, 

hypoxia, oncogenes and growth factors [6]. NGAL protects against bacterial sepsis and also as an 

acute phase protein increases inflammatory states involved in a variety of physiological and 

pathophysiological processes such as arterial hypertension, apoptosis, infection, immune response 
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and metabolic complications such as obesity, diabetes, hyperglycemia, insulin resistance, and 

gestational diabetes [12,13,31]. Negative correlations between meconium ferritin and NGAL 

concentrations and birth weight and length found in this study may indicate an adverse effect of high 

concentrations of the two proteins on newborn body measurements. 

The findings of the present study distinguish specific properties of NGAL in meconium, as the 

significant correlations between its concentrations and those of transferrin and haptoglobin and of 

neutrophil granule proteins support its special role in the intrauterine environment. The correlations 

between the meconium concentrations of proteins present in neutrophils may provide additional 

information from this study about the function of one of a host of innate immune cells detected at the 

maternal-fetal interface [32,33]. 

Additionally, our findings indicate individual correlations between ceruloplasmin and 

neutrophil granule proteins in meconium. As observed by Sokolov et al. [34], ceruloplasmin is 

involved in the regulation of neutrophils, which suggests that it may also control neutrophils during 

fetal development. 

4. Materials and Methods 

4.1. Study Group 

A total of 122 neonates 36 to 41 weeks gestation, with birth weight [g] above 2500, mean±SD: 

3511±426 and birth length [cm]: mean±SD: 55±2, born in the Department of Obstetrics, Women’s 

Diseases and Gynecologic Oncology at the Central Clinical Hospital of the Ministry of the Interior 

and Administration (present name The National Medical Institute of the Ministry of the Interior and 

Administration) in Warsaw. The study was conducted from 2021 to 2023. 

The inclusion criteria were singleton deliveries with clear amniotic fluid, and the neonates did 

not pass meconium in the uterus or during delivery, but after birth. The women giving birth had no 

anemia or clinical signs associated with an acute or chronic hypoxic event. The exclusion criteria were 

multiple pregnancies, colored amniotic fluid, and birth weight below 2500 g. At the time of birth, a 

qualified medical professional conducted measurements of each neonate's weight and length. Weight 

measurements were recorded in grams, while length measurements, measured in centimeters, 

extended from the top of the head to the heel of the foot and were rounded to the nearest centimeter. 

Written informed consent was obtained from the parents or guardians prior to inclusion of the 

neonates in the study. This study was performed in line with principles of the Declaration of Helsinki 

and approved by the Local Committee for Human Experiments at the Central Clinical Hospital of the 

Ministry of the Interior and Administration (The National Medical Institute of the Ministry of the 

Interior and Administration) in Warsaw (Decision No. 71/2011). 

4.2. Meconium Collection and Homogenate Preparation 

The sample of first meconium was collected from a neonate in the hospital ward from the nappy 

with a disposable spatula and transferred into a 50-mL graduated plastic tube and frozen at −20 °C 

for up to 7 days, and next, a meconium homogenate was prepared. The empty tubes were weighed 

prior to adding the meconium and reweighed after filling. The date, time, and weight of each 

meconium collection were recorded. The weight of the meconium sample (n = 122) ranged from 0.484 

to 9.899 g (mean ± SD 5.105 ± 2.442; median 5.174). 

To prepare the homogenate, PBS (Phosphate Buffered Saline pH 7.4) was added to a tube with 

the meconium: one part by weight of meconium per four parts by weight of PBS added in two equal 

portions. After the first PBS portion was added, the tube was placed on a hematology mixer for 15 

min and then shaken in a horizontal position using an LP300Hk shaker for 1 h. After adding the 

second PBS portion, the procedure was repeated. The homogenate was transferred to Eppendorf 

tubes and stored at −80 °C. Prior to protein measurements, the homogenates were thawed for 24 h in 

a refrigerator. Next, they were mixed on a hematology mixer at room temperature for one hour. 

4.3. Laboratory Methods 
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Meconium proteins were measured by ELISA using Assaypro LLC ELISA kits (St. Charles, MO 

63301, USA, www. assaypro.com) according to the manufacturer‘s instructions for each individual 

protein. The following kits were used: AssayMaxTM Human Lactoferrin ELISA Kit, AssayMaxTM 

Human Lipocalin-2 ELISA Kit, AssayMaxTM Human Myeloperoxidase (MPO) ELISA Kit, 

AssayMaxTM Human Calprotectin ELISA Kit, AssayMaxTM Human Ceruloplasmin ELISA Kit, 

AssayMaxTM Human Haptoglobin ELISA Kit, AssayMaxTM Human Ferritin ELISA Kit, AssayMaxTM 

Human Transferrin ELISA Kit. 

Measurements were performed in accordance with the principles of Good Laboratory Practice 

(GLP) in duplicate, and then the mean value was calculated and reported as a final concentration. 

4.4. Statistical Analysis 

Statistical analysis was conducted using Statistica Version 13 software, developed by Stat Soft 

Inc. (TIBCO Software Inc., Palo Alto, California, USA). The normality of distributions of iron 

regulatory proteins in the meconium ferritin and NGAL tertiles and of birth weights and lengths was 

tested using the Shapiro–Wilk test. Since distributions were other than the normal, the non-

parametric tests were used. The Spearman test was used to determine coefficients of correlation (r) 

between concentrations of proteins in each tertile. The Kruskal–Wallis ANOVA test and the median 

test were applied to compare and assess differences in concentrations of individual proteins between 

tertiles. The results are presented as mean ± standard deviation (SD), median, range. A statistical 

significance level of p < 0.05 was considered for all analyses. 

5. Conclusions 

The panel of proteins determined in meconium and involved in iron metabolism may indicate 

their role in the development of a fetus. Parallel increases in the meconium concentrations of ferritin 

and NGAL may be specifically characteristic for neonates with low body size. The correlations 

between the meconium concentrations of transferrin, haptoglobin and NGAL may indicate their 

shared involvement in iron transport in the intrauterine environment. The characteristic associations 

between NGAL and measured proteins may indicate the individual role of NGAL in the control and 

transport of iron in the intrauterine environment. The presence of ceruloplasmin in meconium and 

the demonstrated correlations may confirm its involvement in neutrophil control in the intrauterine 

environment. 
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