
Prenatal hyperhomocysteinemia (PHHC) is one of

the factors that causes changes in the structure and func-

tion of cells, organ systems, and homeostasis pathways in

a developing organism and increases the risk of develop-

ment of various pathological conditions. Despite the fact

that placenta plays a key role in the adaptation of mater-

nal organism to pregnancy and fetus development, little is

known about the processes that characterize its function-

al state and can be affected by neurotoxic compounds.

Such compounds can disrupt the development of fetal

nervous system in the early neonatal period, often result-

ing in the emergence of severe neurological and psychi-

atric disorders in children and adults (autism, schizo-

phrenia) [1-3].

Recently, the number of studies on the placental neu-

rotrophic factors participating in the formation of the fetal

nervous system has considerably increased. It is known

that the brain-derived neurotrophic factor (BDNF) and

nerve growth factor (NGF) participate in the vital

processes of neuronal growth and differentiation in the

central and peripheral nervous systems of a developing

fetus [4-7]. Another group of proteins involved in the neu-

ronal development that has attracted attention of

researchers is neuregulins that perform the protective

function during fetus development and in newborns [8, 9].

Disruption of fetal brain functions by homocysteine

(HC) could be associated with the increase in the con-

centration of proinflammatory cytokines in the maternal

blood. These factors can cross the placental barrier and

cause long-term impairments in the brain development in

the offspring. The effect of proinflammatory cytokines is

usually mediated via changes in the content of neu-

rotrophic factors not only in the fetal brain, but also in the
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Abstract—Prenatal hyperhomocysteinemia (PHHC) in pregnant rats was induced by chronic L-methionine loading, result-

ing in a significant increase in the L-homocysteine content both in the mothers’ blood and blood and brain of fetuses.

Significant decrease in the weight of the placenta, fetus, and fetal brain was detected by the morphometric studies on day 20

of pregnancy. PHHC also activated maternal immune system due to the increase in the content of proinflammatory inter-

leukin-1β in the rat blood and fetal part of the placenta. PHHC elevated the levels of the brain-derived neurotrophic factor

(BDNF, 29 kDa) and nerve growth factor (NGF, 31 kDa) precursors in the placenta and the content of the BDNF isoform

(29 kDa) in the fetal brain. The content of neuregulin 1 (NRG1) decreased in the placenta and increased in the fetal brain

on day 20 of embryonic development. An increase in the caspase-3 activity was detected in the brains of fetuses subjected to

PHHC. It was suggested that changes in the processing of neurotrophins induced by PPHC, oxidative stress, and inflam-

matory processes initiated by it, as well as apoptosis, play an important role in the development of brain disorders in the off-

spring.
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placenta, where these factors presumably exhibit the

cytoprotective effect [4-7].

The objective of our study was investigation of the

PHHC development induced by chronic methionine

loading in rats and elucidation of the PHHC effect on the

content of proinflammatory cytokines and neurotrophic

compounds, such as BDNF, NGF, and neuregulin 1

(NRG1), essential for the fetal nervous system develop-

ment, in the placenta and fetal brain.

MATERIALS AND METHODS

Pregnant Wistar rats (5-6-month-old) were divided

into two groups. Animals of the first (control) group were

fed with a standard chow. The second group received

methionine loading in addition to the standard chow

using a previously developed technique for modeling

maternal hyperhomocysteinemia (HHC) that involved

peroral administration of methionine by force-feeding

animals with 0.15% aqueous L-methionine solution

(0.10-0.15 g per animal on the 4th day of pregnancy, E4)

[10]. The HHC state was evaluated from the total amount

of L-HC in the rat blood serum 1, 6, 18, and 24 h after

methionine administration using an Architect i1000

immunochemical analyzer (Abbott, USA). In order to

monitor the daily dynamics of HC concentration in the

blood, blood samples were collected on days E3 (i.e.,

prior to methionine administration), E7, and E12 from

the gums [11], and after decapitation on E20. On E20,

the rats were decapitated, and fetuses and placentas were

removed from female rats in both groups. Placentas and

blood serum from the mothers and entire brains from the

fetuses were analyzed. Fetal brain tissue and blood were

also sampled after the same time periods following

administration of methionine or water. Typical develop-

mental parameters such as placenta weight, fetus body

weight, and fetus brain weight on E20 were determined.

Blood serum was separated by centrifugation (2000g,

10 min) and stored at –80°C. Before analysis, the blood

was washed away from the placenta with 0.001 M phos-

phate buffer (pH 7.4), and placenta was separated into the

maternal (MPP) and fetal (FPP) parts.

The content of proinflammatory cytokines inter-

leukin-6 (IL-6), interleukin-1β (IL-1β), and tumor

necrosis factor α (TNF-α) in the maternal blood serum

and supernatants of placenta and fetal brain was deter-

mined by ELISA using Quantikine Rat IL-6, Quantikine

Rat IL-1 beta/IL-1F2, and Quantikine Rat TNF-α kits

(R&D Systems, USA), respectively. 

The content of NRG1 in the placenta and fetal brain

was determined using NRG1-beta 1 ELISA Kit

(RayBiotech, USA) according to the manufacturer’s pro-

tocol.

The homogenates of brain and placenta tissues for

Western blot analysis were prepared in 0.001 M phosphate

buffer (pH 7.4) at a ratio 1 : 2 (w/v) in a glass homogeniz-

er and centrifuged at 16,000g for 20 min to remove the cell

debris. Total protein concentration in the samples was

evaluated with the Bradford protein assay [12]. The sam-

ples (50 µg of protein) were separated in a 10% polyacryl-

amide gel under denaturing conditions according to

Laemmli and transferred onto a PVDF membrane. The

membranes were blocked with 2% albumin (Sigma-

Aldrich, USA) in TBST (50 mM Tris-HCl, 150 mM

NaCl, 0.1% Tween 20). BDNF was probed with rabbit

anti-BDNF antibody [EPR1292] (1 : 1000; Abcam,

USA); relative NGF concentration was evaluated with

rabbit anti-NGF antibody [EP1320Y] (1 : 1000; Abcam)

that recognized immunoreactive ~30 kDa NGF forms.

Following incubation with the horse-radish peroxidase

(HRP) conjugates of goat antibodies (1 : 1000; BioRad,

USA), the signal was visualized using enhanced chemilu-

minescence (ECL; BioRad). The intensities of obtained

protein bands were evaluated with the ImageLab program.

Based on the existing recommendations for normalization

of the target protein content [13], the obtained data were

normalized to the content of glyceraldehyde-3-phosphate

dehydrogenase [GAPDH (14C10) rabbit antibody, 1 :

1000; Cell Signaling, USA]; total protein content in the

gel was determined using the stain-free technology

(BioRad) according to the manufacturer’s instruction.

Caspase-3 activity was assayed in 20 mM HEPES,

containing 0.1% CHAPS, 2 mM EDTA, and 5 mM DTT

(pH 7.4) using 4 mM synthetic peptide Ac-DEVD-pNA

(N-acetyl-Asp-Glu-Val-Asp p-nitroanilide) as a sub-

strate. Samples containing 120 µg of protein were incu-

bated at 37°C for 10 min; the reaction was initiated by

adding the substrate, and the absorbance of the reaction

mixture was recorded at 405 nm at 37°C every 5 min for

25 min. The activity of caspase-3 was expressed as micro-

moles of the reaction product pNA/min per mg protein.

The data obtained were processed with the STATIS-

TICA 10.0 (StatSoft, USA). To compare the results, the

non-parametric Mann–Whitney U-test or parametric t-

test for random samples was used. Data distribution was

evaluated with the Shapiro–Wilk test. The data are pre-

sented as mean ± SEM or Me [25%, 75%] (Me, median;

25% and 75%, first and third quartile, respectively) for at

least six independent experiments. Significance level was

set at 0.05.

RESULTS

Methionine loading increased the HC level in the

blood of pregnant rats and in the blood and brain of fetus-

es (Fig. 1). On day E3, prior to the administration of water

(control) or methionine (experimental group), the HC

content in the bloof of female rats was 5.70 ± 0.37 µM in

the control group and 5.70 ± 0.70 µM in the experimental

group. On day E7, the blood from the female rats was sam-
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pled 1, 6, 18, and 24 h after methionine administration. As

can be seen in Fig. 1a, a significant (p � 0.01) increase in

the HC content was observed 1 h after per oral methionine

administration with the maximal HC concentration

(130.60 ± 33.48 µM) after 6 h vs. the control group of ani-

mals (5.23 ± 0.10 µM). However, after 18 h, the HC con-

tent in the experimental group decreased to the concen-

tration observed in the control group (5.46 ± 0.14 µM).

On days E12 and E20, the dynamics of changes in the HC

content was the same, but the HC concentration in exper-

imental group decreased to the normal level significantly

later (24 h after methionine administration). The maximal

level of HC that exceeded the control more than 10 times

was observed 1-6 h after methionine administration.

Chronic administration of methionine to pregnant

rats caused the increase in the HC level after each

methionine load not only in the maternal blood, but also

in the blood and brain of fetuses on day E20. The HC

level rapidly reached it maximum after 1-6 h, after which

it gradually decreased within 24 h to the level statistically

undistinguishable from the control (Fig. 1, b and c).

In addition to the increase in the HC content in the

blood, changes in the morphometric parameters were

observed in the animals with PHHC. Thus, a decrease in

the placenta weight and fetus weight was found in the

PHHC animals on day E20 (p < 0.001). It should be

emphasized that the brain mass of fetuses subjected to

PHHC decreased by almost 10% vs. control (Fig. 2).

PHHC also affected the levels of proinflammatory

cytokines in the test animals. The concentration of IL-1β

increased in the blood of pregnant rats and FPP 24 h after

the last administration of methionine. As shown in Fig. 3,

a and b, the content of IL-1β in the serum of PHHC ani-

mals increased 6-fold and reached 30 pg/ml (p < 0.001);

in the FPP, it increased approximately 2-fold and reached

>10 pg/mg of protein (p < 0.05). The level of proinflam-

matory cytokines in the MPP did not change (Fig. 3c).

HHC produced no effect on the concentration of IL-6

and TNF-α in the maternal blood and placenta. No

changes were observed in the content of IL-6, TNF-α,

and IL-1β in the fetal brain on day E20 (Fig. 3d).

According to the Western blotting data, MPP, FPP,

and fetal brain samples on day E20 demonstrated two pro-

tein bands with molecular masses of ~14 kDa correspon-

ding to the mature BDNF (mBDNF) and ~29 kDa corre-

sponding to the BDNF precursor (proBDNF) and/or its

truncated form (truncated BDNF) (Fig. 4, a and b). In the

FPP, mBDNF was present in trace amounts, while in the
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Fig. 1. Daily dynamics of HC content 1, 6, 18, and 24 h after administration of methionine (HHC) or water (control) in the blood serum of

(a) pregnant female rats on days E3, E7, E12, and E20 (n = 5-7) and (b) fetuses on day E20 (n = 4-6) (PHHC and control). c) Daily dynam-
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MPP, its amount was similar to that in the fetal brain

(75.60 ± 11.37 and 78.50 ± 3.22 arb. units, respectively)

and was not affected by PHHC. On the other hand, the

content of 29 kDa BDNF isoform in FPP and MPP was

significantly higher in comparison with mBDNF and

increased in PHHC (p < 0.05). The amount of this iso-

form in the fetal brain was also higher than the content of

mBDNF and increased in PHHC. In placenta, the

amount of mBDNF was significantly lower than the con-

tent of the 29 kDa isoform (p14/p29 in ratio in the MPP

in the control group was 0.195 ± 0.027 vs. 0.130 ± 0.029 in

the experimental group; p14/p29 ratio in the FPP in the

control group was 0.017 ± 0.014 vs. 0.011 ± 0.005 in the

experimental group), while in the fetal brain, both pro-

teins were present in similar quantities (p14/p29 ratio in

the control group was 0.707 ± 0.035 vs. 0.668 ± 0.037 in
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* p � 0.05, ** p � 0.01. The data are presented as mean ± standard error of the mean (M ± SEM).
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the PHHC group). PHHC upregulated the content of the

29 kDa isoform in both placenta and fetal brain but did

not affect the amount of the 14 kDa isoform. The content

of the 29 kDa isoform increased to the largest degree in the

MPP. The data presented in Fig. 4, c and d, demonstrate

that immunoblotting could be used successfully not only

for detection of BDNF isoforms, but also for NGF iden-

tification in the placenta. It was established MPP, FPP,

and fetal brain on day E20 contained NGF isoform with a

molecular mass ~31 kDa. The NGF content increased

noticeably in PHHC, except in the fetal brain, where only

a trend for its increase was observed, which was likely due

to the wide scattering of the obtained data.

No reliable difference in the NRG1 content in the

FPP was observed between the experimental and control

groups. However, a significant decrease in the content of

this growth factor in the MPP was found in the PHHC

group (p < 0.05). In the fetal brain on day E20, the NRG1

content in this group was 1.66 times higher compared to

the control group (Fig. 5).

An increase in the caspase-3 activity (evaluated as an

increased rate of reaction product accumulation) was

observed in the fetal brain on day E20 in the PHHC group

(3.74 ± 0.17 µmol pNA/min per mg protein vs. 3.16 ±

0.19 µmol pNA/min per mg protein in the control group;

p < 0.05) (Fig. 6).

DISCUSSION

Despite the fact that PHHC results in the develop-

ment of severe functional central nervous system disor-

ders in the offspring, as it has been demonstrated in our

previous studies [14, 15] and by other research groups
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[16-21], it still remains unclear, what causes these disrup-

tions and to what degree they are mediated by changes in

the functional state of the placenta. The cited studies have

revealed that maternal HHC is accompanied by the

increase in the HC content in the blood of newborn ani-

mals. It is important to mention that in this study, we for

the first time detected PHHC in fetuses from mothers

that had elevated HC level during gestation. It can be

assumed that the increased amounts of HC formed due to

the disruption of its metabolism can easily cross the pla-

cental barrier via simple diffusion or by binding to specif-

ic transporters [22]. We have established previously that

one of the causes of the PHHC neurotoxic effect was an

increased sensitivity of the nervous system cells to excito-

toxic and oxidative damage, which was manifested as sup-

pression of the functioning of glutamate NMDA recep-

tors under these conditions [23], decrease in the neuron

survival rate observed upon the elevated generation of

reactive oxygen species (ROS), decrease in the content of

low-molecular-weight antioxidants, and inhibition of the

antioxidant enzymes [24, 25]. The role of oxidative stress

in the HHC-associated disruption of the nervous system

development and cognitive functions in the offspring was

also corroborated by the observations that the conse-

quences of HHC can be alleviated by administration of

melatonin and certain short peptides with the antioxidant

properties to the animals during gestation [14, 17, 26].

Our results on the stimulation of IL-1β production

during oxidative stress in PHHC are in agreement with

the experimental data produced in mature animals by

other researchers. It was established that both acute and

chronic HHC causes increase in the concentration of

proinflammatory cytokines (IL-1β, IL-6, TNF-α) in the

rat blood and brain [27, 28]. It was suggested that one of

the mechanisms of the proinflammatory effect of HC is

its impact on placental macrophages, which results in the

upregulation of synthesis and secretion of proinflamma-

tory cytokines [29]. An increased level of ROS generation

by the macrophages and vascular endothelium in

response to the elevated blood levels of HC plays an

important role in activation of cytokine secretion. HHC

can cause systemic inflammation in endothelial cells via

enhanced ROS generation, which is accompanied by the

release of IL-1β [30]. The obtained results indicate that

PHHC causes excessive activation of maternal immune

system, resulting in the increased blood levels of proin-

flammatory cytokines, such as IL-1β, that can cross the

fetoplacental barrier and cause neurodegeneration and

other long-term disorders in the brain of the offspring

[31-33]. An increased content of IL-1β could be due to

the induction of its expression facilitated by the glutamate

NMDA receptors, as it was demonstrated in a number of

studies on focal brain ischemia [34, 35]. Based on the sig-

nificance of NMDA receptor signaling in the HC neuro-

toxicity, its involvement in the development of PHHC-

associated conditions cannot be excluded.

Similar effect of IL-1β and other proinflammatory

cytokines could be mediated by changes in the content of

neurotrophic factors induced by these cytokines both in

the fetal brain and in the placenta, where these factors

supposedly exhibit the cytoprotective effect and play an

important role in placental angiogenesis [36-38]. The

data obtained indicate significant changes in the neu-

rotrophin levels in the placenta. It is known that some

neuroactive factors are synthesized in the placenta, cross

the fetoplacental barrier, and exert their effect on the fetal

brain development [36, 39]. Moreover, it can be expected

that production of these compounds could alter during

the development of proinflammatory process induced by

PHHC. In this regard, it is commonly believed that neu-

rotrophins (including BDNF and NGF investigated in

this study) produced by various immune cells play an

essential role in the development of neurodegenerative

disorders [40].

NRG1 (together with BDNF and NGF) participates

in the regulation of cells proliferation, migration, differ-

entiation, and synaptogenesis. As was demonstrated in

this work, the content of NRG1 increased in the fetal

brain on day E20 in parallel to its decrease in the MPP.

NRG1 also participates in the regulation of methionine

metabolism (and hence, HC metabolism) in neurons via

stimulation of methionine synthase activity by methyl-

cobalamin and activation of glutathione synthesis [41].

Our results suggest that placental NRG1 can protect the

fetus against the neurotoxic effect of maternal HHC.

Despite the established role of NRG1 in the development

of fetal brain [8, 9], there are only few studies on the func-

tions of this factor in the placenta. NRG1 is expressed

and secreted by decidual stromal cells; it was suggested

that it plays a role in the paracrine regulation of cell sur-

vival and differentiation, as well as invasion of the extra-

villous trophoblast cells, via activation of signaling path-
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ways leading to the apoptosis suppression [42]. It is well

established that HHC promotes apoptosis, resulting in

the death of trophoblasts [43, 44].

The concentration of neurotrophic factors BDNF

and NGF in the placenta increased in PHHC. Both

BDNF and NGF exhibit the antiapoptotic properties

[45]. However, this increase was observed only for the

precursors of these factors. The content of mBDNF

formed as a result of proteolytic processing of the precur-

sor protein proBDNF [46, 47] in the placenta was

insignificant and remained unaffected by PHHC. Some

authors suggest that the critical periods in development of

placenta and fetal brain are influenced by similar biolog-

ical signals [48]. The fact that BDNF is one of the factors

actively participating in the development of fetal nervous

system implies parallel changes in the BDNF content in

the fetal brain and placenta at the same stages of prenatal

development [49]. Our data on the comparable levels of

neurotrophins in the developing brain (E20) and placen-

ta are in agreement with the results of studies reporting

that expression of BDNF mRNA in rat placenta increas-

es in gestation time and reaches maximum on E21 [5]. It

was established that proBDNF exhibits the opposite to

mBDNF effect on the survival and functioning of neu-

rons and synaptic plasticity development [50], and this

effect is most pronounced in neurodegenerative patholo-

gies [51]. Unlike mBDNF, which interacts with the tyro-

sine kinase receptor (Trk-B) of tropomyosin with a high

affinity, proBDNF binds to the neurotrophin receptor

p75 (p75NTR), the activation of which results in the sup-

pression of neuronal proliferation and activation of apop-

tosis [52]. Furthermore, it was suggested that proBDNF

is a neurotrophin present predominantly during the early

prenatal period, while mBDNF manifests its effects

mainly in the adult organism [53, 54].

Commonly used enzyme immunoassays do not allow

to identify different molecular isoforms of BDNF and

other neurotrophins. BDNF is synthesized as its precur-

sor pre-proBDNF with the molecular mass of 35 kDa

that is then cleaved with the formation of proBDNF

(32 kDa). The following proteolysis of proBDNF by

intracellular proteolytic enzymes generates mBDNF with

the molecular mass of 13-15 kDa [55-57] and/or the so-

called truncated form (28 kDa) with yet unknown func-

tion [58, 59]. NGF and BDNF are expressed differently

in different regions of the placenta [60]. We found that the

content of studied neurotrophins in the MPP and FPP

differed significantly; in particular, higher BDNF and

NGF concentrations and, especially, high mBDNF to

proBDNF ratio were observed in the MPP. Considering

that the functions of BDNF isoforms in the developing

brain and different regions of placenta could vary, some

researchers believe that it is more informative to measure

also the mBDNF to proBDNF ratio than the levels of

individual of BDNF isoforms alone [61]. The dominance

of proBDNF, reduced content of mBDNF, and, hence,

lower mBDNF to proBDNF ratio in the MPP and espe-

cially in the FPP compared to the fetal brain on day E20

were demonstrated by us in this study for the first time.

These differences could be due to either a lower rate of

pro-neurotrophin processing into its mature form and/or

fast degradation of mBDNF in the placenta in compari-

son with the fetal brain.

Analysis of the published data suggests that the

dynamic balance between all BDNF isoforms (including

truncated form) generated during the processing plays an

important role in the plasticity of the nervous system and

disruption of cognitive functions in different pathologies

[58].

NGF processing also includes proteolytic cleavage of

precursors to mature forms exhibiting high affinity to the

tropomyosin Trk kinase receptors, the binding to which

underlies the neuroprotective effect of NGF and survival

of nerve cells. Interaction of proNGF and proBDNF with

the p75NTR receptor initiates apoptosis and exerts the

neurotoxic effect [62, 63] on both neurons and glial cells

by stimulating inflammatory processes due to the upregu-

lated production of TNF-α [64]. Using immunoblotting,

we demonstrated that in the rodent brain, NGF was

almost entirely represented by the precursor with the

molecular mass of 32 kDa [63], while mNGF was virtual-

ly undetectable because of its negligible content [65].

Such low content of mNGF could be due to the fact that

proNGF easily forms a stable complex with soluble tissue

alpha-2-macroglobulin, which increases its resistance to

proteolytic cleavage [62]. It was also suggested that

secreted NGF pool contains both forms (proNGF and

mNGF) [63], while ELISA allows to detect only the net

content of this neurotrophin.

According to the results obtained in this work,

PHHC causes an increase in the content of BDNF and

NGF precursors in the placenta, which might be due to

their slower processing and results in the impaired fetus

development. Based on the analysis of published data,

BDNF and NGF isoforms with molecular masses of 29

and 31 kDa, respectively, identified in our study are most

likely precursors of neurotrophin mature forms with the

neurotrophic properties. One cannot rule out that the

29 kDa band could be the truncated form of BDNF.

According to some researchers, the difference between

the HHC-induced changes in the neurotrophin concen-

trations in the MPP and FPP could be explained by dif-

ferent levels of oxidative stress evolving under pathologi-

cal conditions in different parts of the placenta. In turn,

this causes compensatory response manifested by the

increase in the concentration of neurotrophins, which are

required for the formation of viable fetus in pathological

pregnancy and under stress conditions [66]. The data on

the PHHC impact on the amount of neurotrophin pre-

cursors in the placenta were corroborated by the data

obtained for the fetal brain on day E20 that revealed an

increased formation of neurotrophin precursors in HHC.
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This increase was statistically significant for BDNF and

was observed as a trend for NGF. The content of mBDNF

in the placenta and fetal brain was not affected by PHHC.

Several mechanisms could be suggested to explain

the negative effect of PHHC on the developing fetus. The

HC toxicity discovered in this work results in the decrease

of such vital parameters as placenta weight, fetus weight,

and fetus brain mass. One of the factors causing these

consequences could be the HHC-induced oxidative

stress, as reported in the studies of our [25] and other

research groups [14, 17, 19]. Oxidative stress develop-

ment is facilitated by the inflammatory response stimula-

tion by PHHC via enhanced formation of IL-1β in the

FPP and blood of pregnant females. It is known that one

of the mechanisms underlying the damaging effect of

oxidative stress is apoptosis induced by the elevated ROS

generation and following cell death in both placenta and

fetal brain. The results on the oxidative stress develop-

ment in the brain of newborns subjected to PHHC

obtained in [25] and the data from this study on the

increase in the activity of caspase-3 (key cysteine protease

of the apoptotic cascade) in the fetal brain are in agree-

ment with the modern concepts on the mechanisms

underlying the damaging effect of HC, in particular,

apoptosis development upon the oxidative stress intensifi-

cation. According to the published data, apoptosis activa-

tion during HHC in different types of cells could occur

via either the external pathway through the action of

extracellular signal on the cell surface receptors or inter-

nal pathway associated with mitochondria destruction

under oxidative stress. It was observed for HC-exposed

trophoblast [43, 44] and brain cells of the offspring of rats

subjected to PHHC [16].

Another mechanism that can play a significant role

in the damaging action of HHC is epigenetic modifica-

tion via methylation (primarily, DNA methylation),

because formation of S-adenosyl-HC from S-adenosyl

methionine (main donor of methyl groups) results in the

inhibition of methylation processes in the organism [60].

Thus, it was found that folate deficiency in HHC decreas-

es the level of DNA methylation in the placenta, which

impairs fetal growth and development [67, 68]. It is com-

monly recognized that DNA methylation plays an impor-

tant role in the regulation of expression of neurotrophin

genes, BDNF in particular, during the nervous system

development and in a number of neurodegenerative dis-

eases [67, 68]. In this regard, studying the relationship

between the processing of various forms of neurotrophins

and extent of DNA methylation is of particular interest

for undestanding the factors disrupting placenta func-

tioning and fetal development in PHHC.

In conclusion, we observed significant changes in the

morphometric parameters, IL-1β levels, and content of

neurotrophic factors (BDNF, NGF, NRG1) in the pla-

centa and disruption of the fetal brain development in

experimental PHHC caused by chronic methionine load-

ing in pregnant rats. The data obtained open the possibil-

ities for clinical investigation of the indicated parameters

in the placenta as markers of unfavorable changes in the

formation of nervous system in newborns in HHC, which

is one of the common complications of pregnancy.
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