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Abstract
Dexamethasone (DEX) is frequently used to treat women at risk of preterm delivery, but although
indispensable for completion of organ maturation in fetus, antenatal DEX treatment may exert adverse
sex-dimorphic neurodevelopmental effects. Literature �ndings implicated oxidative stress in adverse
effects of DEX treatment.. Purinergic signalling is involved in neurodevelopment, and controled by
ectonucleotidases, among which in the brain are most abundant ectonucleoside triphosphate
diphosphohydrolase 1 (NTPDase1/CD39) and ecto-5 -nucleotidase (e5 NT/CD73), which jointly
dephosphorylate ATP to adenosine. They are also involved in cell adhesion and migration, critical for
brain development. Up-regulation of CD39 and CD73 after DEX treatment was reported in adult rat
hippocampus. We investigated the effects of maternal DEX treatment on CD39 and CD73 expression and
enzymatic activity in the rat fetal brain of both sexes, in the context of oxidative status of the brain tissue.
Fetuses were obtained at embryonic day (ED) 21, from Wistar rat dams treated with 0.5 mg DEX/kg/day,
at ED 16, 17, and 18, and brains were processed and used for further analysis. Sex-speci�c increase in
CD39 and CD73 expression and in the corresponding enzyme activities was induced in the brain of
antenatally DEX-treated fetuses, more prominently in males. The oxidative stress induction after
antenatal DEX treatment, was con�rmed in both sexes, altghough showing a slight bias in males.  Due to
involvement of purinergic system in crucial neurodevelopmental processes, future investigations are
needed to determine the role of observed changes in the adverse effects of antenatal DEX treatment.

Introduction
Glucocorticoids (GCs - cortisol in humans, corticosterone in rodents) play a crucial role in a proper and
timely completion of organogenesis during fetal development particularly, in the maturation of lungs and
the brain (Moisiadis and Matthews 2014a; Moisiadis and Matthews 2014b). In preterm infants due to
insu�cient exposure to endogenous GCs, complications such as respiratory distress syndrome,
intraventricular hemorrhage or necrotizing enterocolitis are common (Carson et al. 2016), covering
approximately 18% of 5,9 million annual deaths before the age of 5 in 2015 worldwide (Liu et al. 2016).
Therefore, in developed countries expecting mothers with the risk of preterm delivery usually receive
hormonal therapy with synthetic GCs, either dexamethasone (DEX) or betamethasone (BMS), between
24th and 34th gestational week (Antenatal corticosteroids revisited: repeat courses - National Institutes of
Health Consensus Development Conference Statement, August 17-18, 2000 2001). It is important to note
that not just insu�cient, but also excessive prenatal exposure to GCs may have detrimental effects on
brain development and functions (Davis et al. 2013; Fukumoto et al. 2009; Matthews 2000). Maternal
treatment with DEX or BMS promotes an excessive GC stimulation in fetuses, since synthetic GCs exert
25 times higher genomic potency than natural occurring GCs (Jobe and Soll 2004). Also, in comparison
to cortisol, synthetic GCs more readily enter the fetal circulation and directly diffuse through the blood-
brain barrier into the brain (Damsted et al. 2011), due to considerably lower inactivation by placental
enzyme 11β-hydroxysteroid dehydrogenase 2 (Chapman et al. 2013). It was shown that antenatal DEX
treatment and excessive GC exposure have long-term neurodevelopmental consequences, which may be
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sex-speci�c both in human (Davis and Pfaff 2014; Wallensteen et al. 2016) and in animal offspring
(Caetano et al. 2017; Matthews 2000). Thus, although prenatal GC treatment largely reduces risks of
premature delivery, it increases the risk of neurodevelopmental complications and consequent adverse
behavioral effects, such as hyperactivity (French et al. 2004), and affective problems (Davis et al. 2013)
in children.

Purinergic signaling encompasses signaling molecules – ATP, ADP and adenosine, nucleotide-sensitive
P2 and adenosinergic P1 receptors, as well as ectonucleotidase enzymes (Burnstock 2014). Most
abundant ectonucleotidases in the CNS are ectonucleoside triphosphate diphosphohydrolase 1
(NTPDase1/CD39) and ecto-5'-nucleotidase (e5 NT/CD73) (Braun et al. 2000; Zimmermann 1992) which
in co-action completely dephosphorylate ATP to adenosine (Yegutkin 2008). NTPDase1/CD39 (EC
3.6.1.5) is a membrane ectoenzyme with seven potential N-glycosylation sites, and apparent molecular
weight 70-100 kDa (Kaczmarek et al. 1996; Zimmermann et al. 2012). It hydrolyses ATP and ADP with a
ratio of ~1:1-1,5 (Kukulski et al. 2005), leading to the rapid generation of AMP as a �nal product. The
latter is then hydrolyzed to adenosine by e5 NT/CD73 (EC 3.1.3.5), a GPI-anchored membrane
ectoenzyme, with �ve potential N-glycosylation sites in rodents and an apparent molecular weight from
60-80 kDa (Vogel et al. 1991; Zimmermann 1992; Zimmermann et al. 2012). Purinergic signaling plays a
major role during fetal development (Burnstock and Dale 2015; Del Puerto et al. 2013), being involved in
processes such as generation and migration of neurons and glia, and development of synapses, which
are critical to the brain cytoarchitecture and connectivity (Rodrigues et al. 2019). Nevertheless, literature
data are mostly referred to purinergic receptors, while data on the role of enzymes that regulate
extracellular purine levels are still scarce. Several studies reported the involvement of CD73 in postnatal
rodent brain development showing its association with migrating immature neurons and developing
synapses in cerebellum of neonatal rats (Fenoglio et al. 1995) and mice (Bailly et al. 1995), and
demonstrating its developmental increase in expression and enzymatic activity in rat hippocampus
(Grkovic et al. 2014). In addition to enzymatic role in purinergic signaling, involvement in cellular
adhesion and migration was shown by multiple studies for CD39 in human lymphocytes , and for CD73
in rat astrocytes (Adzic and Nedeljkovic 2018), chicken embryonic �broblasts (Codogno et al. 1988),
human lymphocytes (Airas et al. 1995), and various cancer cells (Flocke et al. 1992; Sadej et al.
2008).Therefore, it is reasonable to assume that changes in expression of both ectonucleotidases may
affect proliferation, differentiation and other developmental processes in the nervous system. It was
shown that DEX treatment induced up-regulation of CD73 and CD39, as well as increase of
ectonucleotidase activities in the hippocampus of adult male rats (Drakulić et al. 2015). Also, adenosine
signaling was involved in gender-speci�c microglial remodeling induced by antenatal DEX treatment in
the prefrontal cortex of rat offspring, which also displayed anxious phenotype (Caetano et al. 2017). DEX
treatment induced lasting changes in cellular functions and increased susceptibility to oxidative stress in
embryonic neural stem cells, and in cerebellar granule cells from antenatally treated rats (Ahlbom et al.
2000; Bose et al. 2010). Pro-oxidative effects of excessive GCs exposure were also documented in vivo in
the rat brain (McIntosh et al. 1998; Sato et al. 2010) Imbalance between pro- and antioxidants, termed
“oxidative stress” (Sies 1985), may occur either due to accumulation of reactive oxygen and nitrogen
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species (ROS and RNS, respectively), or depletion of antioxidants (Sies 1997, Birben 2012). In the brain,
oxidative stress is involved in various pathologies such as ischemic damage (Chan 1996), excitotoxicity
(Mattson et al. 1995), and neurodegeneration (Andersen 2004), due to particularly high susceptibility of
the mammalian brain to oxidative damage (Halliwell 2001). The primary antioxidant defense system
comprises enzymatic antioxidants - superoxide dismutase (SOD), glutathione peroxidase (GPx), catalase
(CAT), and nonenzymatic antioxidants among which thiol-containing tripeptide glutathione (GSH) is
major soluble antioxidant (Birben et al. 2012; Sies 1997). SOD (EC 1.15.1.1) catalyzes dismutation of
superoxide anion radical (O2

•-) to molecular oxygen and hydrogen peroxide, which is further removed by
GPx (EC 1.11.1.9) through reduction to water, coupled with oxidation of GSH to oxidized gluthatione
(GSSG) (Halliwell 2006). Additionally, H2O2 is decomposed to water and oxygen by CAT (EC 1.11.1.6) . It
was convincingly demonstrated that DEX treatment through glucocorticoid receptor (GR) signaling
decreases transcriptional activation of antioxidant genes by Nrf2 (Alam et al. 2017), which is a key
transcription activator mediating their inducible expression (Kobayashi et al. 2004). Such �nding
indicates that decreased cellular antioxidant capacity may at least partly account for side effects of
antenatal DEX treatment.

Together, literature �ndings indicate involvement of ectonucleotidases in sex-dimorphic
neurodevelopmental changes in response to maternal DEX treatment. Given the fact that DEX is
administered in pregnant women whenever a delivery before 34 weeks is anticipated, we have set the
goal to assess the effects of prenatal DEX administration on purinergic system activity in male and
female rat fetal brain. We hypothesized that antenatal DEX treatment induces changes in expression of
CD39 and CD73 in the rat fetal brain, in sex-dependent manner,. thus interfering with neurodevelopmental
processes and possibly contributing to adverse effects of treatment. Since literature data strongly imply
association of DEX treatment with oxidative stress, which is also involved in different brain pathologies,
our additional goal was to assess the effects of antenatal DEX treatment at oxidative/nitrosative stress
parameters in the rat fetal brain and their possible involvement in detrimental effects of such treatment in
the offspring. 

Materials And Methods

Experimental animals
Wistar (RRID:RGD_13508588) female and male rats were reared at the Institute for Biological Research in
Belgrade, under standard conditions of controlled temperature (22°C) and a 12 h light/dark cycle, and
freely available food and water. Three-month-old females with regular four-day estrous cycle were
selected to mate. Then, females during estrous phase and male rats, arbitrarily chosen from the local
colony, weighing approximately 250 and 400 g, respectively, were mated during the night. The embryonic
day 0 (ED0) was declared the day when sperm-positive smears were obtained in the morning. Study
design is presented at Fig 1. Pregnant females (10 animals) were housed individually in plastic cages.
The dams (5 animals) received subcutaneously 0.5 mg dexamethasone (DEX)/kg/day, for three
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consecutive days at 10A.M., on ED 16, 17, and 18, while the control dams (5 animals) received the same
volume of saline. The dosing regimen used in the present study has been previously adopted and
designated to fall within the range of clinical application in women in obstetric practice (Carbone et al.
2012a). The control fetuses, n=23 females (Cf), n=23 males (Cm), and maternally DEX-treated n=23
females (Df) and n=23 males (Dm)  were obtained on embryonic day 21 (ED21). The Ethical Committee
for the Protection of Welfare of Experimental Animals of the Institute for Biological Research “Sinisa
Stankovic” Belgrade, Serbia approved all animal experiments (Application No.02- 12/13) following the
Directive on the protection of animals used for experimental and other scienti�c purposes (2010/63/EU)
and results reported in compliance with the ARRIVE. No randomization was performed to allocate
animals in the study. The experimental protocol was not pre-registered.

Tissue preparation and immunohistochemical staining
Since the pain pathways develop at this time point, to avoid suffering and distress of fetuses, the dams
were sacri�ced with lethal dose (200 mg/kg) of Nembutal (Serva, Germany). To ensure euthanasia,
additionally decapitation of the dams was done. Afterwards, decapitation of fetuses was performed
using surgical scissors, and the brains were quickly removed for further analysis. The expert
histopathologist determined sex of the fetuses. Researchers performing biochemical, gene and protein
studies were blinded to experimental conditions. No exclusion criteria were pre-determined.

The individual fetuses were isolated from the uterus and extra-embryonic membranes. For
immunohistochemical analysis, after decapitation the brains were isolated from the skull (n = 3 per group
– Cf, Cm, Df and Dm), cerebellum was removed and �xation in 4% PFA for 24h was performed, followed
by dehydration in a series of sucrose solutions. After cryopreservation, the brains were stored at -80°C.
Sections, 25μm thick were cut on the cryostat microtome. After hydration of the sections, endogenous
peroxidase activity was blocked by incubation in 3% hydrogen peroxide solution in methanol for 15 min
at ambient temperature. Nonspeci�c background staining was prevented by incubation of the sections
with nonimmune, normal donkey serum diluted in phosphate-buffered saline (PBS; pH 7.4) for 60 min,
and then previously characterized for speci�city primary antibody against NTPDase1/CD39 (Fausther et
al. 2007) and eN/CD73 (Fausther et al. 2012) (Table 1) were applied overnight at 4°C. Furthermore, to
validate the antibodies speci�city, the isotype-speci�c immunoglobulins were used (obtained from J.S).
After washing in PBS, the sections were incubated with appropriate secondary HRP conjugated antibody
(Table 1) for 2h, at room temperature. The immunoreactivity was visualized with 3,3'-S-
diaminobenzidinetetrahydrochloride (DAB, Dako, Glostrup, Denmark) as a substrate and cross-sections
were counterstained with hematoxylin-eosin (H-E). Incubation without primary antibodies resulted in the
absence of any speci�c reaction. After dehydration and clearing, the tissue was mounted using DPX
Mounting medium (Fluka, Buchs, Switzerland), and examined under a Zeiss Axiovert microscope (Carl
Zeiss GmbH, Vienna, Austria).
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Using the Atlas of Prenatal Brain Development as a guide (Altman and Bayer 1995), the sections were
selected for immunohistochemical staining analysis to get a detailed insight into the position and
distribution of immunopositive cells.

Table 1
List of antibodies used in the study. NTPDase1/CD39 - ectonucleoside triphosphate diphosphohydrolase

1; eN/CD73 - ecto-5 -nucleotidase; IHC – immunohistochemistry; WB – Western blot;
Antibody Source and

type
Dilution Manufacturer

NTPDase1/CD39

rN1-6L(I4,I5)

Rabbit,
polyclonal

1:1000 (IHC)

1:3000 (WB)

Ectonucleotidases-ab.com;Cat# NTPDase1

 

eN/CD73

rNu-8L(I4,I5)

Rabbit,
polyclonal

 1:2000 (IHC) Ectonucleotidases-ab.com;Cat#ecto-5'-
nucleotidase

eN/CD73 Rabbit,
monoclonal

1:1 500 (WB) Cell Signaling, USA

RRID:AB_11217629

β-actin  Mouse,
monoclonal

1:7500
(WB)

Sigma A5316 RRID:AB 476743

Anti-rabbit

IgG-HRP-
conjugated

Donkey,
polyclonal

1:250 (IHC)

1:5000 (WB)

Santa Cruz Biotechnology, Santa Cruz, CA,
USA, sc-2313 RRID:AB_641181

Anti-mouse

IgG-HRP-
conjugated

 Donkey,
polyclonal

 1:250 (WB)  Santa Cruz sc-2314, RRID:AB_641170

 

Real-time PCR
After removal of the cerebellum, whole brain tissue (n= 5 per group – Cf, Cm, Df, Dm) was used for RNA
isolation with TRIzol® reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer's instructions.
Using spectrophotometer RNA purity was determined by measuring A260/A280, and A260/A230 ratios and
RNA concentrations were measured. Reverse transcription was done using the High Capacity cDNA
Reverse transcription kit (Applied Biosystems, Foster City, CA, USA) with 1 µg of RNA. After synthesis,
cDNA was diluted 10 x and used for real-time PCR (RT-PCR) with QuantStudioTM 3 Real-Time PCR
System (Applied Biosystems, Foster City, CA, USA), by standardized protocol (Jakovljevic et al. 2017).
Negative control was obtained by replacing the cDNA template with UltraPure water. Target gene
expression was determined by the 2-ΔCt method, using Gapdh (glyceraldehyde-3-phosphate
dehydrogenase) as a reference gene. Primer sequences used are shown in Table 2.
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Table 2
Primer sequences. Prtotein encoded by gene Entpd1 - ectonucleoside

triphosphate diphosphohydrolase 1;  Nt5e –ecto-5 -nucleotidase; GAPDH –
glyceraldehyde-3-phosphate dehydrogenase.

Target gene Forward Reverse

Entpd1 TCAAGGACCCGTGCTTTTAC TCTGGTGGCACTGTTCGTAG

Nt5e CAAATCTGCCTCTGGAAAGC ACCTTCCAGAAGGACCCTGT

Gapdh TGGACCTCATGGCCTACAT GGATGGAATTGTGAGGGAGA

Isolation of crude plasma membrane fraction and whole
brain tissue homogenates
From every pregnant dam (5 animals), 3 male and 3 female fetuses were used to isolate  tissue
homogenates and crude plasma membrane preparations,  from whole brain tissue. After removal of the
cerebellum, brain tissue was pooled (3 male or female brains per preparations) and further processed,
which resulted in obtaining n = 5 preparations (containing 3 brains) per group (Cf, Cm, Df, Dm). For
isolation of crude plasma membrane preparation, standardized protocol (Gray and Whittaker 1962) was
performed, as previously described (Jakovljevic et al. 2019; Jakovljevic et al. 2017; Lavrnja et al. 2015).
Brie�y, tissue was homogenized in ice-cold buffered sucrose (320 mmol/L sucrose in 5 mmol/L Tris, pH
7.4), and then centrifuged at 3.000 × g for 10 min at 4 °C. From the resulting supernatants, 500 μl was
transferred into separate microtubes and were further sonicated. Sonication was performed with
supernatants, as previously described (Begic et al. 2017), by 3 cycles which included 30 s of sonication
with 5 s pause between cycles. The resulting whole brain tissue homogenates were stored at -80 °C and
further used for assesment of oxidative/nistrosative stress parameters, after determination of protein
concentration, using Micro BCA Protein Assay Kit. 

The remaining supernatants were centrifuged at 12.000 × g for 40 min at 4 °C and afterwards,
precipitated pellets were resuspended in 5 mmol/L Tris pH 7.4. The resulting crude plasma membrane
preparations were stored at -80 °C.  After determining protein concentration using the Micro BCA Protein
Assay Kit (Cat. No. 23235;Thermo Fisher Scienti�c, Rockford, IL, USA), crude plasma membrane
preparations were used for Western blot and ectonucleotidase assays.

Western blot
Western blot was performed according to previously described procedure (Jakovljevic et al. 2019;
Jakovljevic et al. 2017; Lavrnja et al. 2015). Brie�y, crude plasma membrane preparations were mixed
with 4×Laemmli Sample Buffer (Cat. No. 161-0747 Bio-Rad, Hercules, CA, USA) and then incubated 5
min/95°C and cooled on ice. Prepared samples (15μg of proteins/lane) were loaded on a 7.5 % PAGE-
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SDS gels. After electrophoretic separation, proteins were transferred at 100 mV voltage/1h/4°C to a
support membrane (Cat No. 88018 Immobilon-P transfer membrane, Millipore, Darmstadt, Germany).
Membranes were blocked using 5 % Bovine Serum Albumin (Cat. No. A3059 BSA, Sigma, St. Louis, MO,
USA) in Tris-buffer saline Tween-20 (TBST). After blocking, membranes were incubated with primary
antibodies listed at Table 1, at 4°C overnight. Then, membranes were washed 3x10 min in TBST and
incubated in appropriate IgG-HRP-conjugated secondary antibodies (Table 1), for 2h at room temperature.
For the visualization of a chemiluminescent signal (Cat. No. GERPN2106, ECL, GE Healthcare, USA) X-ray
�lms (Kodak, Rochester, NY, USA) were used. Densitometric analysis was performed using ImageJ
software (RRID:SCR_003070). Obtained optical densities (OD) for the band of interest were normalized to
OD of β-actin band and on the same lane, and relative CD39(CD73)/β-actin abundances determined from
5 separate membranes  were expressed as mean ± SEM.

Ectonucleotidase Assays
Nucleotidase activities were evaluated with ATP, ADP and AMP as substrates on samples of 10 μg of
crude membrane fraction proteins in a �nal volume of 200 μL. The hydrolysis of ATP and ADP was tested
as previously described (Nedeljkovic et al. 2006) in a reaction medium containing (in mmol/L) 0.5 EDTA,
5 MgCl2 and 50 Tris-HCl pH 7.4. AMP hydrolysis was assayed following protocol described previously 
(Lavrnja et al. 2015; Nedeljkovic et al. 2006) in a reaction medium containing (in mmol/L) 10 MgCl2 and
100 Tris-HCl, pH 7.4. The reaction was initiated with the addition of the substrate at a �nal concentration
of 1 mmol/L at 37 °C. The reaction was stopped 10 min later by the addition of 20 μL of 3 mol/L
perchloric acid (PCA), and samples were transferred on ice. Released inorganic phosphate (Pi) was
determined by the Malachite Green Phosphate assay kit (Cat. No. POMG-25H Bioassay system, Hayward,
CA, USA). Assay was run with n = 5 tissue preparations per goup (Cf, Df, Cm, Dm). To reduce random
variations, every sample was run in duplicate, and mean value of enzymatic activity was used in further
analysis. Every enzymatic assay was performed in three separate determinations. Enzyme activities were
expressed as nmolPi/ min /mg of protein.

Oxidative/nitrosative stress assesment

Total Superoxide Dismutase (tSOD) Assay
The activity of tSOD (EC 1.15.1.1.) was measured spectrophotometrically in whole brain tissue
homogenates , by determining a decrease in the rate of the spontaneous epinephrine autoxidation in
alkaline pH at 480 nm. The kinetics of enzyme activity was measured in 0.1 mM EDTA and 50 mM
carbonate buffer pH 10.2 (Serva, Feinbiochemica, Heidelberg, New York), after the addition of 10 mM
epinephrine (Sigma, St. Louis, (USA)) as previously described (Djukic et al. 2012; Sun and Zigman 1978).
Whole brain preparations (n = 5 per group- Cf, Cm, Df, Dm) were asayed in duplicate in 2 independent
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determinations. The results are expressed as units of enzyme activity per mg of total protein (U/mg),
where one unit is the amount of enzyme required for 50% inhibition of autoxidation of epinephrine.

 Catalase (CAT) Assay
CAT (EC 1.11.1.6.) activity was determined spectrophotometrically in whole brain tissue homogenates by
measuring the absorbance of the colored complex formed between ammonium molybdate and H2O2 at
405 nm (Góth 1991). The formed yellow complex was determined spectrophotometrically by measuring
CAT activity in tissue samples. All samples (n = 5 per group- Cf, Cm, Df, Dm)  were run in duplicate in 2
independent determinations. The results are expressed as units of CAT activity per mg of total protein
(U/mg), where one unit is the number of H2O2 micromols reduced per min (μM H2O2/min).

Glutathione Peroxidase (GPx) Assay
GPx (EC 1.11.1.9.) activity in whole brain tissue homogenates was indirectly measured using
spectrophotometric determination of NADPH consumption at 340 nm, as previously described (Djukic et
al. 2012). Brie�y, the method is based on the following principle: GPx catalyzes the reduction of lipid
hydroperoxides to their corresponding alcohols using reducing equivalents of GSH, which itself then
becomes oxidized. Depleted GSH is regenerated through the reduction of GSSG catalyzed by gluthatione
reductase, which utilizes NADPH as a donor of reducing equivalents. In the presence of gluthatione
reductase and NADPH, oxidized reduced GSH is immediately converted to the reduced form with
concomitant oxidation of NADPH to NADP+. All samples (n = 5 per group- Cf, Cm, Df, Dm)  were run in
duplicate in 2 independent determinations. The results are expressed as the amount of reduced NADPH
per mg of total protein in the sample ± SEM.

Determination of total glutathione (tGSH)
Total GSH (GSH+1/2 GSSG, in GSH equivalents) was determined in whole brain tissue homogenates with
DTNB-GSSG reductase recycling assay, as previously described (Bozic et al. 2015). The content of tGSH
was spectrophotometrically measured at 412 nm, for 6 min, by 5,5-dithiobis-2-nitrobenzoic acid (DTNB) -
oxidized glutathione (GSSG) recyclable method. The rate of formation of 5-thio-2-nitrobenzoic acid
(TNBA) is proportional to the total glutathione concentration . Oxidized glutathione (GSSG) was used (50
mmol) to construct a calibration curve in the range of 0.2-1 nmol / 25 x 10-6 mL (8-40 nmol / mL). Based
on the equation of the standard curve, the content of tGSH was calculated and the results are expressed
as µmol GSH/mg prot. All samples (n = 5 per group- Cf, Cm, Df, Dm) were run in duplicate, in two separate
determinations, and the results are expressed as µmol GSH/mg prot.

Determination of O2
•- production
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For estimating the concentration of O2
•- in in whole brain tissue homogenates ,, we used a method

described previously (Djukic et al. 2012). Content of O2
•- was quanti�ed by the method based on the

equimolar reduction of nitroblue-tetrazolium (NBT, Sigma-Aldrich, Munich, Germany) to monoformazan
by O2

•-  in the alkaline, nitrogen-saturated medium, which aimed to reduce the oxygen tension in the
medium. The reduced yellow product was measured spectrophotometrically at 550 nm (Greenwald
1985). All samples (n = 5 per group- Cf, Cm, Df, Dm) were run in duplicate, in two separate determinations,
and the results are expressed as mean reduced NBT (µM/mg protein) ± SEM.

Determination of NO production
Using the Griess assay, NO production was determined in whole brain tissue homogenates. Because NO
is an unstable molecule, it is most common to measure concentrations of its products, nitrites, and
nitrates. As previously described (Adzic et al. 2017),  at �rst, we reduced nitrates into nitrites using
metallic cadmium (Navarro-Gonzálvez et al. 1998), and then total nitrites were quanti�ed directly
spectrophotometrically at 492 nm, using the colorimetric method of Griess. Griess reagent consists of
1.5% sulfanilamide (Sigma-Aldrich, Munich, Germany) in 1 M HCl and 0.15% N-(1-naphthyl)
ethylendiamine dihydrochloride (Fluka, Buchs, Switzerland) in deionized water. To generate a standard
curve, known concentrations of sodium nitrite (Mallinckrodt Chemical Works, St. Luis, MO, USA) were
used from which the nitrite concentration in the samples was calculated. All samples (n = 5 per group- Cf,
Cm, Df, Dm) were run in duplicate, in two separate determinations, and the results are expressed as mean
concentration of nitrites (mM/mg prot) ± SEM.

Determination of TBARS
Lipid peroxidation was determined in whole brain tissue homogenates spectrophotometrically, using the
thiobarbituric acid reactive species (TBARS) method (Girotti et al. 1991), as previously described
(Dejanović et al. 2017). Brie�y, the samples were incubated with thiobarbituric acid (TBA) reagent (15%
trichloroacetic acid and 0.375% TBA, water solution, Merck, Darmstadt, Germany), pH 3.5, at 95°C. The
mixture was heated at 100 °C for 15 min and cooled rapidly to room temperature, and the absorbance
was measured at 532 nm. All samples (n = 5 per group- Cf, Cm, Df, Dm) were run in duplicate, in two
separate determinations, and the results are expressed as the mean concentration of MDA (µmol/mg
protein) ± SEM. 

Data Analysis
All the data were assessed for homogeneity of variance using Levene's test (SPSS 20, IBM, Armonk, NY,
USA). Data normality assessment using the Shapiro–Wilkoxon test, and further statistical analysis using
Kruskal – Wallis test followed by Dunn's posthoc test were performed in GraphPad Prism 8 Software®
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(GraphPad Software, La Jolla, CA, USA). p < 0.05 was considered statistically signi�cant. No test for
outliers, nor sample size calculation was performed.

Results

Ectonucleotidase activities
ATP-, ADP- and AMP-hydrolysis (Fig. 2a-c) were determined in crude plasma membrane preparations of
whole brain tissue, from control and antenatally DEX-treated rat fetuses. Values obtained for ATP
hydrolysis (37.68 ± 2.18 nmol/min/mg and 32.94 ± 1.06 nmol/min/mg) in control females and males,
respectively, relative to ADP-hydrolysis (20.77 ± 2.58 and 13.88 ± 1.84 nmol/min/mg) indicated a major
contribution of NTPDase1 in the rat fetal brain tissue. AMP-hydrolysis, which was similar in control
females (9.64±0.49 nmol/min/mg) and males (6.92±0.26 nmol/mg/min), indicated the presence of
e5 NT. In males, DEX treatment induced a signi�cant increase in  ATP- (165.60 ± 5.95 %, p<0.0001 ), ADP-
(218.59 ± 14.48 %, p<0.001) and AMP-hydrolysing activities (181.25 ± 10.76 %, p<0.0001), compared to
control animals (p<0.001), while in females all analyzed actonucleotidase activites were similar between
DEX-treated and control group.

Gene expression and protein abundance of CD39 and CD73
in rat fetal brain
Since the obtained values for ATP- and ADP–hydrolysis indicated the presence of NTPDase1/CD39, while
AMP-hydrolysing activity was indicative of e5 NT/CD73 expression, by use of RT-PCR and western
blotting we next analyzed relative abundance of mRNA (relative to GAPDH) and protein (relative to β-
actin), for both ectonucleotidases in the rat fetal brain. Obtained results (Fig. 3) con�rmed the expression
of CD39 and CD73 in the rat fetal brain. In control fetuses, relative mRNA and protein abundance for
CD39 (Fig 3a,b, respectively) and for CD73 (Fig3c,d, respectively), were similar in the brain of both sexes.
In comparison to control fetuses, regarding CD39 expression, DEX treatment induced signi�cant increase
(260.62 ± 28.28%, p<0.001) in relative mRNA abundance in males (Fig. 3a), while protein abundance (Fig.
3b) increased more than sixfold in males (641.04 ± 98.38%,  p<0.001) and threefold in females (394.64 ±
44.63, p<0.01). CD73 mRNA abundance (Fig. 3c) was also signi�cantly increased in antenatally DEX-
treated female fetuses (368.50 ± 38.37, p<0.001). On the other hand, after DEX treatment in males, both 
mRNA and protein expression of CD73 (Fig. 3d) were increased more than 2-fold (222.77 ± 24.51 and
217.75 ± 42.64, respectively; p<0.05).  Two protein bands at ~91 and 117 kDa were visible on
immunoblots probed with anti-CD39 antibody (Fig. 3e), possibly indicating the presence of two
glycoform, which combined abundance was determined by densitometric analysis. In immunoblots
probed with anti- CD73 antibody (Fig. 3f), one speci�c band at ~70 kDa was observed.

 Histological and immunohistochemical analysis
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At the coronal sections of dorsal forebrain region at ED21 six histological zones of the developing
cerebral cortex are clearly delineated (Fig. 4a). Histologically the marginal zone (MZ) is positioned below
the pial surface and distinctive by mainly acellular appearance. Underneath marginal zone, cortical plate
(CP) is visible as a layer of densely packed cells with relatively large nuclei, displaying the radial
organization. The next layer of white matter (WM) is distinctive by fewer cells than the previous zone,
also showing .radial orientation., Besides, the tangential direction of nerve �bers through WM layer is
visible. Below WM is an intermediate zone (IZ) where tangential streams of migratory progenitor cells
gives a speci�c appearance to this region. The subventricular zone (SVZ) and ventricular zone (VZ)
appeared densely cellular, occupying the most inner part, which surrounds the lateral ventricles.

Immunohistochemical localization of NTPDase1/CD39 and
eN/CD73
The results of RT-PCR and western blot analysis con�rmed the expression of CD39 and CD73 at mRNA
and protein level in the brain of rat fetuses at ED21. Therefore, in order to reveal tissue distribution of
CD39 and CD73, we performed immunohistochemical staining of coronal cryosections at several regions
of interest. Immunohistochemical staining at all analyzed regions (preoptic, optical chiasm region, and
retrochiasmatic area) revealed the presence of a small number of scattered CD39- and CD73-
immunoreactive (IR) cells localized rarely in the sub-plate layer (Fig. 4b-e, j-m), while the most of IR-cells
were observed in IZ, especially throughout tangential migratory stream (Fig. 4f-i, n-q). Also, very weak
immunoreactivity was sporadically observed in the SVZ layer (data not shown). CD39- and CD73-IR cells
displayed a similar distribution pattern in physiological controls. Sex-speci�c differences related to the
distribution and number of IR cells were not established. Predominantly, immunopositive cells displayed
progenitor-like round-shaped and ellipsoid morphology with the central position of prominent nuclei and
individual position into the brain parenchyma (Fig. 4f-i, n-q inset). Despite obtained increase at mRNA and
protein level, immunohistochemical staining did not reveal differences regarding frequency and
distribution of immunopositive cells between control sections and sections obtained from DEX-treated
animals, neither in females nor in males (Fig. 4).,

On the other hand, in the region of �mbria as the principal output bundle of hippocampal nerve �bers, IR-
cells displayed partly distinctive features. Regarding CD39 (Fig. 5a-d), immunopositive cells were
sporadic in control animals of both sexes, while in DEX-treated fetuses, their abundance in border zones
of �mbria was increased, especially in males. Also, CD39-IR cells showed bipolar or rarely multipolar
morphology (Fig. 5b,d inset), unlike immunopositive cells observed in other regions. In comparison to
CD39, CD73-IR cells (Fig. 5e-h) were more abundant in control animals and additionally increased after
DEX treatment in the region of �mbria. Unlike CD39-immunopositive cells, CD73-IR cells observed in
�mbria were multipolar with several processes (Fig. 5e-h inset), indicating a difference either in the type or
developmental stage of progenitors expressing these ectonucleotidases. In choroid plexus,
immunopositivity was associated with a highly vascularized inner stromal core, which is surrounded by
the outer simple cuboidal epithelium, both for CD39 (Fig. 5b,c inset) and for CD73 (Fig 5e,h).
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Oxidative/nitrosative stress assesment
In order to investigate if the oxidative/nitrosative stress arises after DEX treatment in the fetal brain, we
assayed the enzymatic activity of primary antioxidant enzymes, and determined levels of non-enzymatic
antioxidant GSH, and pro-oxidants – nitric oxide (NO) and superoxide anion radical (O2

•-), as well as lipid
peroxidation damage products (TBARS). Our results clearly showed induction of oxidative/nistrosative
stress in the fetal brain of both sexes after maternal DEX-treatment (Fig. 6). After DEX treatment, all
analyzed antioxidative parameters were signi�cantly decreased in comparison to control fetuses (Fig. 6a-
d): total SOD activities decreased in males (79.36 ± 0.35%, p< 0,001), while decrease in CAT activities was
~10% in females (92.07 ± 0.93%, p<0,05) and in males (88.40 ± 0.88%, p<0,01). The most pronounced
decrease was observed in GPx activities, both in females (38.97 ± 1.12%, p<0,05), and in males (29.53 ±
0.31%, p<0,001), while total GSH levels decreased ~25% in females (75.80 ± 0.84%, p<0.01), and ~40% in
males (59.65 ± 0.69%, p<0.001). Expectedly, levels of pro-oxidants and oxidation damage products were
signi�cantly increased in both sexes (Fig. 6e-g): ~45% for O2

•- (141.46 ± 3.64%, p<0.05 and 147.57 ±
1.17%, p<0.001), almost twofold for NO (183.15 ± 3.15%, p<0.05 and 195.06 ± 2.19%, p<0.001), in
females and males, respectively, and for TBARS ~50% in females (154.75 ± 1.54%, p<0.001) and 40% in
males (138.99 ± 1.44%, p<0.01). Together, obtained results clearly showed induction of
oxidative/nistrosative stress in the fetal brain of both sexes after maternal DEX-treatment, altghough with
slight bias in males.

Discussion
The aim of the present study was to explore the effects of antenatal treatment with commonly applied
synthetic GC dexamethasone at the expression and enzymatic activity of NTPDase1/CD39 and e5 NT
/CD73 in the rat fetal brain of both sexes. Also, we additionally assessed the oxidative status of the fetal
brain after antenatal DEX treatment. Brie�y, our main �ndings are the following: 1) DEX treatment
induced sex-speci�c up-regulation of CD39 and CD73 expression and increase in the corresponding
enzyme activities, more pronounced in males; 2) CD39- and CD73-IR cells showed similar distribution
pattern between treatment groups and genders, being scattered mostly in the intermediate and
subventricular zone throughout fetal brain; 3) DEX treatment induced oxidative/nitrosative stress in the
fetal brain of both sexes.

Due to well-established role of GCs in accelerating organogenesis and maturation, synthetic GCs are
frequently administered to women at risk of preterm labor (Moisiadis and Matthews 2014a). In general,
GCs promote differentiation at the expense of proliferation (Liggins 1994), especially in regions of active
growth in the time of treatment (De Kloet et al. 1988). Multiple animal studies have shown diminishing
effects of prenatal synthetic GCs treatment in neurodevelopment such as: pro-apoptotic effects in mice
(Noorlander et al. 2008a) and neurodegeneration in rhesus macaques (Uno et al. 1990), impaired radial
migration in rat (Fukumoto et al. 2009) and  neuronal plasticity (Antonow-Schlorke et al. 2003) in baboon
fetal brain, as well as decreased proliferation in hippocampus (Noorlander et al. 2014) and lasting
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microglial remodeling in prefrontal cortex (Caetano et al. 2017) in rodent adults. In line with that,
cognitive and attention de�cits in adolescent baboons (Rodriguez et al. 2011) and anxiety-like behaviour
in rat adult offsping (Caetano et al. 2017; Manojlović-Stojanoski et al. 2020) were reported,  Also, clinical
studies showed an association of antenatal GCs treatment with alterations of the hypothalamo-pituitary-
adrenal axis (Waffarn and Davis 2012), brain structural abnormalities in children (Davis et al. 2013),  and
in neonates (Tijsseling et al. 2012), as well as with cognitive  (Damsted et al. 2011) and behavioural
de�cits (French et al. 2004) in children.

Most of the cells in the developing brain originate from neural stem/progenitor cells (NSPCs) from
VZ/SVZ, which express GR at very early stages, thus enabling the brain to react to premature GC
administration (Carson et al. 2016; Tsiarli et al. 2013).  Signi�cant gender differences in antenatal DEX
treatment outcomes were reported (Alexander et al. 2012; Carbone et al. 2012b), which may be
associated with sex-speci�c responses of NSPCs (Frahm et al. 2018), but also with  the differential
response regarding the expression of key ectonucleotidases in the rat fetal brain, shown in this study. In
contrast to similar expression and tissue distribution of CD39 and CD73 in brain parenchyma of control
fetuses, which indicates an essential role of both ectonucleotidases in the rat brain development, DEX
treatment induced their sex-speci�c increase. Overall, up-regulation of analyzed ectonucleotidases was
more pronounced in the brain of male fetuses, with an exception of CD73 mRNA increase showing higher
statistical signi�cance in females. Also, corresponding ectonucleotidase activities were signi�cantly
increased in male fetuses only. Obtained results are in accordance with previously reported up-regulation
of CD39 and CD73, and increase in corresponding ectonucleotidase activities in the hippocampus of
adult male rats, after repeated low-dose DEX treatment (Drakulić et al. 2015). Additionally, another
research groups showed time- and concentration-dependent up-regulation of CD73 in C6 rat glioma cell
line (Bavaresco et al. 2007), and increase in NTPDase activities in lymphocytes and platelets from rats
(Saucedo et al. 2010) after DEX treatment. Observed effects of DEX treatment at CD73 expression are in
line with the presence of sequences speci�c for GR binding inside the Nt5e gene promoter (Drakulić et al.
2015). On the other hand, absence of GR- binding site and presence of several other regulatory elements
in the promoter region of Entpd1 (Drakulić et al. 2015) indicates involvement of another regulatory
mechanism in observed DEX-induced up-regulation of CD39

.. Despite undoubted up-regulation of analyzed ectonucleotidases, except partly for the region of �mbria,
no visible differences in the number of CD39- and CD73-IR cells between DEX-treated and control fetuses
in the brain parenchyma were observed, indicating that obtained increase might have occurred within the
same cell subset. Regarding �mbria, CD39-IR cells were more present after maternal DEX treatment
especially in male fetuses, while the frequency of distribution of CD73-IR cells was similar between DEX-
treated and control fetuses. Nevertheless, CD39- and CD73-positive cells were morphologically distinctive
both mutually, and in comparison to other analyzed brain regions, indicating different types of progenitor
cells. Namely, it was shown that in the developing dorsal forebrain among immigrant cells, which arrived
from the basal forebrain along the same tangential migratory route as GABAergic interneurons, some
cells belong to oligodendroglial lineage (He 2001). Among oligodendroglial lineage cells, CD73
expression was associated either with oligodendrocyte progenitor cells (OPC), which typically display
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bipolar morphology, or multipolar differentiating oligodendrocytes, but never with mature
oligodendrocytes (Welsh and Kucenas 2018). On the other hand, CD39 expression was associated
exclusively with OPCs (Welsh and Kucenas 2018). Such �ndings may indicate that among multipolar
CD73-IR cells and bipolar CD39-IR cells observed in �mbria, at least some cells might belong to  immature
oligodendroglial lineage pool. However, antenatal DEX treatment induced signi�cant increase in ATP-,
ADP- and AMP-hydrolysing activities in male fetus brain. Obtained increase in ectonucleotidase activities
suggests paralel decrease in purine nucleotides levels and increase  of adenosine in brain parenchyma of
DEX-treated male fetuses, which may be particularly pronounced in the pericellular space surrounding
groups of CD39- and CD73-IR progenitor cells. Such changes imply effects of antenatal DEX treatment on
neurodevelopmental processes exerted via purinergic receptors signaling.

Namely, early embryonic expression was con�rmed for several ATP/ADP sensitive  purinergic receptors
such as P2X7 receptor, which is implicated  in the control of unbalanced proliferation through induction
of apoptosis of neural progenitor cells (Delarasse et al. 2009; Oliveira et al. 2016), and for P2Y1 receptor,
critical in proliferation of radial glia at the peak of neurodvelopment (Weissman et al. 2004) and in
migration of  both NSPCs (Scemes et al. 2003) and OPC (Agresti et al. 2005). Therefore, DEX-induced
increase in ATP/ADP-degrading CD39 in male fetus brain, shown in this study, might interfere with
proliferation and migration of neural progenitors, and decrease OPCs migration, through possibly
decreased activation of both P2X7 and P2Y1 receptors. In addition, sustained activation of adenosinergic
A1 receptor was associated with decrease in axon volume, expression of myelin basic protein  (Rivkees
and Wendler 2011; Turner et al. 2002b) and consequent reduction in gray and white matter (Turner 2002)
in neonatal rats, while inhibition of rapidly-desenzitizing A2A receptors (Klaasse et al. 2008) diminshed
tangential migration of GABAergic interneurons in mice fetuses (Silva et al. 2013). This indicates that
increase in adenosine-generating ectonucleotidase cascade, shown in this study, might exert diminishing
effects to white and gray matter volume, and  interfere with proper integration of GABAergic interneurons.
Interestingly, induction of long-lasting sex-dimorphic remodeling of  microglia, and  consequent cognitive
and behavioural de�cits in the rat offspring after  antenatal DEX treatment, were also associated with A2A

receptor activation (Caetano et al. 2017; Duarte et al. 2019). Taken together, DEX-induced increase in
expression of ATP-/ADP-hydrolysing, adenosine-producing ectonucleotidase tandem might diminish
normal brain development in male fetuses both via P2 and P1 purinergic receptors.

Beside a role in purinergic signaling, both CD39 and CD73 are involved in cellular adhesion. Previously,
Airas (Airas et al. 2000) reported that binding of anti-CD73 mAb induced rapid shedding of CD73 and,
similarly to CD39{Kansas, 1991 #192}, increased clustering of LFA1 and consequently increased
adhesion of lymphocytes. Adzic (Adzic and Nedeljkovic 2018) showed that both decreased expression
and blocking of CD73 induced an increase in the migration of primary astrocytes. In the light of the
aforementioned data considering the involvement of CD73 and CD39 in cell adhesion, DEX-induced sex-
speci�c up-regulation of both ectonucleotidases in the rat fetus brain, might suggest decrease in
migration of progenitor cells particularly pronounced in male fetuses.
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In addition, our results clearly demonstrated induction of oxidative/nitrosative stress in the rat fetal brain
after maternal DEX treatment, in accordance with the data on GC treatment effects from both in vitro
experiments in  hippocampal and cortical neuronal cultures (McIntosh and Sapolsky 1996), as well as in
vivo experiments in adult rat hippocampus (Sato 2010). On the other hand,  a signi�cant decrease in
activities of three major antioxidant enzymes, decrease in GSH levels, and increase in pro-oxidants and
oxidative damage products levels were induced in both male and female fetus brains in our study, which,
despite slight male bias, indicate that oxidative stress induction by DEX treatment was not gender-
dependent. This also indicates that oxidative stress induction and up-regulation of CD39 in fetal brains
shown in the present study are unlikely to be interlinked. However, observed oxidative stress induction as
a consequence of DEX treatment, is in line with  recently reported blocking of Nrf2-mediated antioxidative
cellular protection by GR signaling (Alam et al. 2017). Interestingly, changes in the white matter of
�mbria-fornix, as major hippocampal output to the subcortical structures (RajMohan and Mohandas
2007), were induced by GSH de�ciency in a mouse model of impaired gluthatione synthesis (Corcoba et
al. 2015), a model which is also relevant for schizophrenia and other psychiatric disorders (Elvsåshagen
et al. 2013; Fitzsimmons et al. 2009; White et al. 2008), indirectly pointing to the importance of oxidative
stress in adverse effects of antenatal DEX treatment.,

Taken together, antenatal DEX treatment induced sex-dependent up-regulation of major
ectonucleotidases of the CNS in the fetal brain that was particularly pronounced in males. On the other
hand, oxidative/nitrosative stress induction was con�rmed in both sexes, indicating weak association
between the underlying regulatory mechanisms, but also underlining the involvement of oxidative stress
in diminishing neurodevelopmental effects of antenatal DEX treatment. DEX-induced up-regulation of
CD39 and CD73 in the rat fetal brain might exert detrimental effects on migration, proliferation, survival
and regulatory apoptosis of neural and oligodendroglial progenitors, and induce changes in microglial
function, thus potentially diminishing normal brain development. Such effects may be achieved both
through the simultaneous decrease in levels of P2, and increase of P1 purinergic receptors ligands, and
by interfering with cell adhesion. In summary, observed sex-dependent changes in ectonucleotidase
expression may be involved in adverse effects of antenatal DEX treatment on rat neurodevelopment,
especially in males, thus contributing to long-lasting cognitive and behavioral outcomes throughout life.
Due to involvement of purinergic system in processes that are critical in neurodevelopment, future
investigation are needed to determine the exact roles of the changes shown in this study in the effects of
antenatal DEX treatment on the brain development.
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Figure 1

Time-line diagram of the experimental study. ED- embryonic day; RT-PCR – real-time PCR; WB- western
blot; IHC – immunohistochemistry; OS – oxidative status.
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Figure 2

ATP, ADP and AMP-hydrolyzing activities in crude membrane fraction isolated from fetal brain after
antenatal DEX treatment. (a) ATP-, (b) ADP- and (c) AMP-hydrolysis was measured in crude plasma
membrane preparation of fetal brains. Cm, Cf – control male and female fetuses, respectively; Dm, Df –
DEX-treated male and female fetuses, respectively. For every crude membrane fraction preparation, brain
tissue from three fetuses was pooled. N = 5 preparations per group (Cf, Df, Cm, Dm) were assayed in
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three separate determinations, and every sample was run in duplicate (mean activity obtained from the
duplicate was used in further analysis). The results represent mean speci�c activities (nmol/min/mg
protein)±SEM. Statistical signi�cance ***p<0.001, ****p<0.0001; Statistical analysis was performed by
Kruskal – Wallis test followed by Dunn's post hoc test.

Figure 3

Relative mRNA and protein abundance of CD39 and CD73 in the fetal brain after DEX treatment. (a) CD39
mRNA abundance (relative to GAPDH), and (b) protein abundance (relative to β-actin); (c) CD73 mRNA
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abundance (relative to GAPDH), and (d) protein abundance (relative to β-actin); Relative mRNA
abundance was determined by RT-PCR, performed in n = 5 preparations for every group (Cf, Df, Cm an
Dm), in two separate determinations. Every sample was run in duplicate, and mean Ct value for both
target and reference gene (GAPDH) was used in further analysis; Relative protein abundance was
determined by densitometric analysis from 5 separate Western blot experiments, in which n = 5 crude
membrane preparations of fetal brains (3 per preparation) for every group (Cf, Df, Cm, and Dm) were
used. Optical densities (OD) of target protein bands were normalized by OD of β-actin band in the same
lane; For CD39, combined OD of both speci�c bands was used. Bars represent Mean ± SEM ; Statistical
signi�cance *p<0.05, **p<0.01, ***p<0.001; Kruskal – Wallis test followed by Dunn's post hoc test. (e,f)
Representative immunoblots of brain tissue preparations obtained by chemiluminescent detection, using
X-ray �lms, of blotted membranes probed with anti-CD39 and -CD73 antibodies, respectively.. Cm, Cf –
control male and female fetuses, respectively; Dm, Df – DEX-treated male and female fetuses,
respectively
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Figure 4

Representative micrographs of immunohistochemical staining of CD39- and CD73-IR cells in rat fetal
brain at ED21 in control and antenatally DEX-treated fetuses. (a) Low-power magni�cation of
hematoxylin-eosin stained coronal cross-section at the septal region, showing characteristic layers of the
developing brain, which are labeled as follows: VZ-ventricular zone, SVZ-subventricular zone, IZ-
intermediate zone, WM-white matter layer, CP-cortical plate, MZ-marginal zone, V-lateral ventricle, ChP-
choroid plexus, STR-striatum. High-power micrographs shown on the left side were obtained from area
denoted by rectangles (1 – sub-plate in WM region, 2 - IZ encompassing striatum). Scale bar = 400µm. (b-
e) Representative micrographs of high-power magni�cations of CD39 immunostaining counterstained
with hematoxylin-eosin from area denoted by (1) showing mostly round-shaped immunoreactive cells,
scattered in the WM layer, and (f-i) from the area denoted by (2), showing groups of immunopostive cells
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that are distributed in a pattern resembling to lateral migratory stream; cells are mostly round-shaped with
central nuclei (visible in the insets); (j-m), Representative micrographs of high -power magni�cations of
eN/CD73 immunostaining counterstained with hematoxylin-eosin from area denoted by (1) showing
prominently stained immunopositive cells scattered in WM layer, and (n-q) from area denoted by (2),
showing immunopositive cells grouped in the stream-like pattern in IZ; mostly round-shaped cells with
central, prominent nuclei.are visible in the insets. Scale bars: applicable to (b-e) and (j-m) = 25 µm;
aplicable to (f-i) and (n-r) = 100 µm; aplicable to insets = 25 µm. Cm and Cf - - control male and female
fetuses, respectively,; Dm and Df – antenatally DEX-treated male and female fetuses, respectively.

Figure 5

Representative micrographs of immunohistochemical CD39 and CD73 localization at cross-sections of
�mbria at ED21 in control and antenatally DEX-treated rat fetuses. Low-power micrographs of CD39 (a-d)
and CD73 (e-h) immunostaining counterstained with hematoxylin-eosin, with high-power micrographs of
speci�c details shown in the inset. Cm, Cf – control male and female fetuses, respectively; Dm, Df – DEX-
treated male and female fetuses, respectively. Scale bar applicable to all low-power micrographs =100µm;
Scale bar applicable to (a, b) insets = 50 µm; Scale bar aplicable to (c-h) insets = 25 µm
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Figure 6

Oxidative / nitrosative status assessment of rat fetal brain after antenatal DEX-treatment. In whole-brain
preparations, enzymatic activities of primary antioxidant enzymes SOD (a), tCAT (b) and GPx (c) were
assayed, and total levels of nonenzymatic antioxidant GSH (d), and pro-oxidants O2•- (e) and NO (f),
together with lipid peroxydation products TBARS (g) were determined. Cm, Cf – control male and female
fetuses, respectively; Dm, Df – antenatally DEX-treated male and female fetuses, respectively. Bars in
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graphs (a-c) represent Mean speci�c activity ± SEM (for antioxidant enzymes) and in graphs (d-g)
represent Mean content/mg protein (for anti- and pro-oxidants). Every parameter was determined in n = 5
whole brain tissue preparations (pooled from 3 fetuses), for every group (Cf, Df, Cm and Dm), in two
separate determinations. All samples were run in duplicate, and mean value was used for further
analysis. Statistical signi�cance * p<0.05, **p<0.01, ***p<0.001; Kruskal – Wallis test followed by Dunn's
post hoc test.
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