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ABSTRACT

The pineal gland produces the important hormone melatonin, the level of which in the blood of pregnant women decreases in case of placental
insufficiency. The effect of pineal dysfunction on the immune System of pregnant women and the angiogenic activity of the placenta during
pregnancy remains insufficiently studied.

OBJECTIVE: to study the effect of our method of non-drug correction of pineal function on the state of the cytokine part of the immune System
and the synthesis of placental growth factor (PIGF) in pregnant women with placental insufficiency manifested as fetal intrauterine growth
restriction (IUGR).

MATERIAL AND METHODS. 46 pregnant women with IUGR at 30-36 weeks of gestation were examined. The group was divided into two subgroups:
with non-drug correction of the pineal function (n = 25) and without correction (n = 21). The method of correction included a set of measures to
follow the lighting regimen, activity and sleep for 14 days. The control group consisted of 20 women with uncomplicated pregnancy. Levels of
melatonin, PIGF, TNF-a, IL-1B, IL-6, IL-4, IL-10 were determined in the venous blood by enzyme-linked immunosorbent assay.

RESULTS. It was established that the concentration of melatonin in the blood of pregnant women with IUGR was significantly reduced, as well
as the concentration of PIGF (p < 0.01). Significant changes were also found in pregnant women with placental insufficiency, namely, increased
concentrations of proinflammatory cytokines, such as TNF-a (p < 0.05), IL-1-B (p < 0.001) and IL-6 (p < 0.05), comparing to healthy pregnant
women. Also, in the group of pregnant women with IUGR, the levels of anti-inflammatory cytokines IL-4 (p <0.001) and IL-10 (p < 0.001) were
elevated in comparison to the control group.

After application of the developed complex of non-drug correction of pineal function, the concentration of melatonin in the blood of pregnant
women in the subgroup of correction increased significantly, comparing to the subgroup without correction (p < 0.001), as well as the level of
PIGF (p < 0.05). Also, significantly lower levels of proinflammatory cytokines TNF-a, IL-1-3 and IL-6 were observed in pregnant women in the
subgroup of correction (p < 0.01). Regarding anti-inflammatory cytokines, there was a decrease in the level of IL-4 and an increase in the level
of IL-10 (p < 0.01) under the influence of the non-drug correction.

CONCLUSIONS. When the measures, aimed at non-drug correction of the pineal function, are applied in pregnant women with placental
insufficiency, manifested as IUGR, the following changes are observed: increased plasma levels of melatonin and placental growth factor,
decreased levels of proinflammatory cytokines. We suggest that the pineal gland exerts its effect on the immune system through melatonin,
which moderates the activity of pro- and anti-inflammatory cytokines. Therefore, the influence of inflammation on placental tissue reduces and
results in the increase in the concentrations of placental growth factor in the blood of pregnant women.
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The human pineal gland (also called epiphysis) is a gland whose
function is to provide circadian and annual biological rhythms of the hu-
man body. This function is exerted by the pineal gland through the release
of melatonin and serotonin. Melatonin (5-methoxy-N-acetyltryptamine) is
the major hormone of the pineal gland. It belongs to the class of indoles,
respectively, it easily penetrates the blood-encephalic barrier [1]. Authors
suggest that melatonin, when its level in the pineal gland increases, en-
ters the bloodstream by passive diffusion along the concentration gradi-
ent; there is also an assumption that this hormone is secreted mainly into
the cerebrospinal fluid [2]. Melatonin is considered a «sleep hormone»
[3], however, recent studies also report the presence of antioxidant, neu-
roprotective and immunomodulatory effects of this hormone [4]. Melato-
nin is considered to be one of the main regulators of such processes as
inflammation, metabolism of free radicals, and cell death [5]. The effect
of melatonin on the immune system, especially on its cytokine link, has
been described by many authors. In particular, it is known that melatonin
decreases stress-induced inflammation, [6], reduces the involvement of
polymorphonuclear leukocytes into the inflammatory focus [7, 8], modu-
lates the inflammatory response in sepsis by reducing IL-10 [9], inhibits
the secretion of proinflammatory interleukins IL- 1-3 and IL-6 [10], as
well as TNF-a [11]. Some studies suggest an inverse regulatory effect of
cytokines, namely, IL-1-B, on melatonin secretion [12-15]. Fetal growth
restriction (FGR), provoked by placental insufficiency, is accompanied by
the increasing of levels of proinflammatory cytokines which results in the
triggering of inflammatory mechanisms [16], so it can be expected that
melatonin will be effective in FGR.

Two types of melatonin receptors are known: membrane and nuclear.
In humans, two functional isoforms of melatonin membrane receptors
have been described: M1 and M2. These receptors are localized in the
central nervous system (in the hippocampus, hypothalamus, cerebral
cortex), retina, ovarian granulosa cells, corpus luteum, coronary arter-
ies, uterus etc. [17]. Both types of melatonin receptors are present in the
human uterus [18]. Significant expression of melatonin receptors in the
placenta is established [18], and their concentration decreases in case of
placental insufficiency and fetal growth restriction syndrome [19].

Melatonin plays an important role in pregnancy: it participates in the
successful implantation of a fertilized egg [20], it is actively produced
not only by the pineal gland, but also by trophoblasts and placenta [20,
21], it modulates oxidative stress during pregnancy [22], in particular,
in case of preeclampsia [23, 24], and also melatonin affects the process
of parturition [25]. Melatonin easily crosses the placental barrier; it is
thought by some authors to cause the adverse effects on fetal develop-
ment, especially on the structure and function of the pineal gland of fetus
when used exogenously in high doses [26]. It has been known for a long
time that maternal melatonin informs the fetus about the season of year
and daytime [27], and also affects the circadian rhythm of the newborn
[28]. In the experiment by Takayama et al. it was found that healthy rats
are more likely to give birth in daylight, while in rats that underwent pine-
alectomy (including pinealectomy followed by constant administration of
high doses of melatonin) lighting stopped affecting the process of labor
[25]. According to other data, melatonin does not cause any harmful
effects on the development of embryos of mice and rats, even if admi-
nistered in extremely high doses of 200 mg / kg / day [29]. It is known,
however, that melatonin inhibits the activity of prostaglandin synthetase,
while prostaglandins play an important role in the endocrine system of
the fetus and its microcirculation [30]. Given the above, we suppose that
non-drug methods of correction of function of the pineal gland should be
considered as a prior way of treatment during pregnancy.

The role of melatonin in the regulation of angiogenesis has recently
attracted the attention of researchers. Interestingly, this hormone affects
the growth of blood vessels in different physiological and pathological
processes. For example, in tumors, atherosclerotic plaques, as well as
in age-related eye lesions and in conditions of hypoxia melatonin inhi-
bits tissue neovascularization, while in gastric ulcer, in skin diseases, as
well as in physiological conditions, melatonin, on the contrary, enhances
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angioneogenesis [31]. Most assume that these effects of melatonin are
caused by its interaction with vascular endothelial growth factor (VEGF)
and its receptors [31], while very little is known about the interaction of
melatonin and placental growth factor (PIGF), which belongs to the «fa-
mily» of VEGF, but is considered as a separate and key participant in the
process of angioneogenesis during pregnancy [32-34]. PIGF is actively
produced by the endometrium, trophoblast cells and placenta. When con-
centration of PIGF is elevated, more active conversion of VEGF to VEGF-2
is observed, which results in accelerated angiogenesis [34]. If this bio-
chemical process is impaired, PIGF activates the process of inflamma-
tion, resulting in tissue damage, which is clinically manifested as different
pregnancy complications, namely: early pregnancy loss, preeclampsia
[35], and fetal growth restriction [36]. Our previous studies have shown
that in case of intrauterine growth restriction the concentration of both
melatonin and PIGF in umbilical cord blood decreases [37].

Considerable researchers’ interest is attracted to the interaction of
melatonin with stem cells of the placenta, umbilical cord and fetus. This
is important not only from the standpoint of cell transplantation, but also
from the point of view of obstetrics, suggesting the acceleration of fetal
growth in case of fetal growth restriction.

Taking into account mentioned above data, as well as established in
our previous researches facts of the presence of sleep disorders in preg-
nant women [38], the decrease of levels of melatonin and also changes
in concentrations of pro- and anti-inflammatory cytokines in case of pla-
cental insufficiency [39], we speculate that the functioning of the pineal
gland by the secretion of melatonin should be reflected on the state of the
immune system and on the angiogenic activity of the placenta in pregnant
women, which became the main hypothesis for this work.

Objective of the study: to establish the effect of our method of non-
drug correction of the pineal function on the state of the cytokine part of
the immune system and on the synthesis of pro-angiogenic agents by
placenta in pregnant women with placental insufficiency manifested as
fetal growth restriction.

MATERIALS AND METHODS

46 women with singleton pregnancies were examined (age range
18-36 years, mean age 29.3 + 3.8 years); the pregnancies were compli-
cated with placental insufficiency, which was manifested as intrauterine
growth restriction syndrome at pregnancy term 30-36 weeks (estimated
fetal weight was below 10 percentiles by ultrasound) — the experimental
group. The control group consisted of 20 women (age range 18-36 years,
mean age 28.2 + 3.6 years) with uncomplicated pregnancy in the same
term. Women with severe extragenital pathology, obesity, immune con-
flicts and signs of intrauterine infection of the fetus were not included in
the study groups.

The study was approved at a meeting of the Ethics Commission of the
Higher State Educational Institution of Ukraine «Bukovinian State Medical
University» (Minutes Ne 3 from 30.03.2017) and was conducted in compli-
ance with the requirements of The Code of Ethics of the World Medical
Association (Declaration of Helsinki, ed. 2013) for experiments involving
humans. All patients signed an informed consent to participate in the study.

The experimental group was randomly divided into two subgroups:
a subgroup with non-drug correction of the pineal function (n = 25), and
a subgroup without correction (n = 21). The gestational age between the
subgroups did not differ significantly: it was 34.3 + 1.8 weeks in the cor-
rection subgroup, and 35.0 + 2.0 weeks in the subgroup without correc-
tion. Pregnant women, included in the subgroup of non-drug correction
of the pineal function with the background of placental insufficiency, fol-
lowed the next recommendations:

1. Complete refusal from the use of «white» light lamps in the bed-

room.

2. Restriction of the use of gadgets (smartphones, computers,

etc.) and watching TV after 9 p.m.
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3. Having at least 8 hours of night sleep (except for episodes of

awakening).

4. Going to bed not later than 22:00, preferably at the same time.

5. Refusal from taking sleep-improving drugs, in particular, seda-

tives.

This set of measures developed by us did not include melatonin intake
due to the presence of reports about possible teratogenic and fetotoxic
effects of exogenous melatonin [26]. This method of non-drug correction
was aimed at activating of the pineal gland of patients. The duration of
the set of measures was 14 days. Patients did not receive other treatment
aimed at improving of function of placenta.

Levels of melatonin, placental growth factor and cytokines were
determined in venous blood, which was collected in Vacutainer tubes
by a single venipuncture of the peripheral vein on an empty stomach
at 8 o’clock in the morning. In order to obtain plasma, the collected
blood was centrifuged at room temperature for 5 minutes with an ac-
celeration of 1000 xg. Melatonin ELISA and PIGF ELISA diagnostic kits
(/BL, Germany) were used to determine the concentration of melatonin
and PIGF by enzyme-linked immunosorbent assay. The concentration
of pro-inflammatory cytokines, in particular, tumor necrosis factor-a
(TNF-a), interleukin-1-f (IL-1-B), interleukin-6 (IL-6), and anti-inflam-
matory cytokines - interleukin-4 (IL- 4) and interleukin-10 (IL-10) were
determined by enzyme-linked immunosorbent assay using appropriate
diagnostic kits (Vector-Best, Ukraine). The study was performed on a
hardware enzyme-linked immunosorbent analyzer with a thermoshaker
StatFax 1904 (Awareness Technology, Inc., USA). The results were sta-
tistically processed using the MedCalc software package (MedCalc Soft-
ware, Belgium), with the calculation of Welch-test for different samples.
The data are represented as M + m. Differences were considered signifi-
cant at p <0.05.

RESULTS AND DISCUSSION

Levels of melatonin, cytokines and PIGF in the blood of examined
pregnant women. The results of the measurement of the levels of the
studied parameters before randomization of the experimental group are
represented in table 1.

According to the table, in pregnant women with placental insufficien-
cy there was a significant decrease in the concentration of melatonin in
the blood plasma (p = 0.0003), compared with healthy pregnant women.
In addition, the experimental group showed the statistically significant
(p <0.001) increase in the level of IL-1-f3, comparing to the control group.
Other proinflammatory cytokines, namely TNF-a and IL-6, were also el-
evated in the blood of women in the experimental group (p <0.05), com-
paring to normal pregnancies.

The obtained results can be explained as follows. Firstly, , melatonin is
produced by the placenta, therefore, in placental insufficiency its produc-
tion is reduced. Secondly, melatonin modulates the immune response: in
particular, it reduces the production of proinflammatory cytokines [40],
so in placental insufficiency we observe an increase in levels of proinflam-
matory cytokines, compared with the same indicators in healthy pregnant
women. Regarding TNF-a, our data come in accordance with the previous
reports, as it is known that the levels of this factor increase in the pres-
ence of fetal growth restriction and preeclampsia [41, 42].

The levels of anti-inflammatory cytokines in women with placental
insufficiency were also elevated in comparison with healthy pregnant
women: IL-10 —in 2.4 times (p <0.001) and IL-4 —in 1.6 times (p <0.01).

Our results are partially confirmed by the literature reports. The study
conducted by M. Al-Azemi et al. (2017) also found increased levels of
pro-inflammatory cytokines, namely IL-6, TNF-qa, IL-12, but the level of
IL-10 was lowered in pregnant women with intrauterine growth restriction
of fetus [43]. We suppose that the increase in anti-inflammatory cytokine
levels established in our study, is a sign of the involvement of the body’s
compensatory mechanisms, which reduce the risk of premature birth.
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Plasma concentrations of placental growth factor (PIGF) in women in
the group with placental insufficiency were also significantly lowered (p
<0.01) than in pregnant women in the control group. A decrease in the
concentration of PIGF (compared to control, p <0.01) in the blood plasma
of pregnant women included in the experimental group, as we consider,
indicates the slowing of angioneogenesis.

Below we represent the results of the study of pregnant women from
the subgroup where non-drug correction of the pineal function was per-
formed for 14 days after the initial examination, as well as the results
obtained from the women included in the subgroup without non-drug cor-
rection. The results of comparing of melatonin levels between the men-
tioned subgroups are represented in Fig. 1.

As it is shown in Fig. 1, in pregnant women who received our set
of measures aimed at activating of the pineal gland, there was a signifi-
cant elevation of melatonin levels in blood plasma, compared to pregnant
women without correction: 160.0 + 22.6 pg/mL, in the subgroup without
correction — 18.3 + 6.0 pg/mL (p <0.001). However, the concentration of
melatonin in the subgroup of correction did not reach the values of the
control group (231.3 + 21.6 pg/mL, p <0.001 when comparing the correc-
tion group and the control group).

Table 1. Levels of melatonin, cytokines and PIGF in the blood plasma
of pregnant women with placental insufficiency and in the control group.

WOMEN WITH WOMEN OF THE
PLACENTAL CONTROL GROUP
INSUFFICIENCY (N = 46) (N =20)
MELATONIN (PG/ML) 126.9 £ 14.9* 2313216
TNF-a (PG/ML) 10.1 £ 1.4~ 56+1.5
IL-1- (PG/ML) 147+21*> 4009
IL-6 (PG/ML) 6.9+1.0" 27+1.0
IL-4 (PG/ML) 6.0 £0.5* 3.7+0.6
IL-10 (PG/ML) 11.4 £1.5%* 47+3.2
PLGF (PG/ML) 118.3 £+ 12.9” 230.0 + 30.0

Notes: * —p < 0.05, ** — p < 0.001 in comparison to the control group

Fig. 1. Comparison of the concentrations of melatonin in the blood
plasma of pregnant women with placental insufficiency without
correction («Melatonin no correction», n = 21), pregnant women from
the subgroup of correction («Melatonin correction», n = 25) and the
control group (“Melatonin control”, n = 20).

* *%
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3004 e
2504

200+

150+

100+

Melatonin no correction Melatonin correction Melatonin control

Notes: * — p < 0.05 comparing to the control group,
** —p < 0.001 comparing to the group without correction
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SUBGROUP WITHOUT
CORRECTION (N = 21)

SUBGROUP WITH
CORRECTION (N = 25)

TNF-a (pg/mL) 153 +3.0* 71+1.3**
IL-1-B (pg/mL) 15.4 + 3.3* 73+1.7**
IL-6 (pg/mL) 35.0+4.8* 59+1.4**
IL-4 (pg/mL) 11.6+4.9 53+0.6**
IL-10 (pg/mL) 28+05 11.9+2.0**
IL-10 (pg/mL) 114 +1.5%* 47+32

Results of comparison of the levels of cytokines in the blood plasma
of pregnant women with placental insufficiency, especially between the
subgroup of correction and the subgroup without correction, are repre-
sented in table. 2.

We detected that the levels of all studied proinflammatory cytokines,
namely TNF-a, IL-1-p and IL-6, were significantly lower in the correction
subgroup than in the subgroup of pregnant women who were not exposed
to the measures of activation of work of the pineal gland. Thus, we can
affirm that melatonin has the modulating effect on the pro-inflammatory
part of the immune system. There was no significant difference in the va-
lues of proinflammatory cytokines studied in the blood plasma of preg-
nant women who were included in the correction subgroup and in the
control group of healthy pregnant women.

The levels of anti-inflammatory cytokines in the blood of women
from the subgroup of correction changed differently comparing to the

Fig. 2. Comparison of PIGF concentrations in the blood of pregnant
women with placental insufficiency without correction («PIGF_no
correction», n = 21), subgroup of pregnant women with placental
insufficiency with non-drug correction of pineal function («PIGF_PI_
correction», n = 25), and the control group («PIGF_control”, n = 20).
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Notes: * — p < 0.01 comparing to the control group, ** — p < 0,05
comparing to the group without correction

CONCLUSION

Table 2. Levels of TNF-q, IL-1- and IL-6 in the
blood plasma of pregnant women in the study

SUBGROUP WITH
CORRECTION (N = 25) groups.

Notes:

5.6+1.5 * —p < 0.01 comparing to the control group,

40+09 ** —p < 0.01 comparing to the subgroup
without correction.

27+20

3.7+06

47+32

47+32

subgroup of pregnant women with placental insufficiency, who were
not exposed to the set of measures developed by us: IL-10 — increased
4.3 times (p <0,01), and IL-4 — decreased 1.6 times (p <0,01).

We also monitored the concentrations of placental growth factor
(PIGF) in the blood plasma of pregnant women with placental insufficien-
cy, who received a complex of non-drug correction of the pineal function.
The results are presented in Fig. 2.

The fig. 2 shows that the level of PIGF in the subgroup of correction was
151.8 £ 26.9 pg/mL, in the subgroup without correction - 84.8 + 9.5 pg/mL,
and in the control group —230.0 + 30.0 pg/mL. In other words, we found a
decrease in the concentration of PIGF in 2.7 times (compared with healthy
pregnant women, p <0.01) in the blood of patients included in the sub-
group without non-drug correction. In contrast, in the blood plasma of
pregnant women exposed to a set of non-drug measures aimed at im-
proving of the pineal function, the concentration of PIGF was significantly
higher in comparison to the subgroup without correction (p <0.05) and
did not differ significantly from the control group.

It should be noted that the use of melatonin for the treatment of fetal
growth restriction is generally not a new idea. However, most of such
studies are performed on animals. In recent studies on this problem labo-
ratory mice were used [44, 45], fetal growth restriction was modulated
artificially, for example, by administering cadmium to mice [45], and
melatonin was administered to animals in relatively high doses, such as
5 mg melatonin per 1 mL of drinking water [44], causing accelerated fetal
growth. In medical practice, however, experts often focus on studying of
the neuroprotective effect of exogenous melatonin on the fetus with fetal
growth restriction [46]. We did not find publications that describe the
same or similar to our method of non-drug correction of pineal function,
in particular, at pregnancy in women.

A promising area of research is the study of the interaction of mela-
tonin with stem cells. Recently published papers have reported that this
hormone exerts a proliferative and anti-inflammatory effect on adipose
tissue-derived mesenchymal stem cells [47], accelerates proliferation
and modulates the differentiation of nerve stem cells [48], and even re-
stores the lost under the influence of TNF-a stemness of mesenchymal
bone marrow cells [49]; therefore, melatonin may improve the results
of stem cell transplantation. Given the effect of melatonin on stem cells,
we suppose that our method of correction of pineal gland’s function can
increase the efficiency of isolation, banking and subsequent use of stem
cells derived from placenta and umbilical cord blood.

blood of pregnant women.

N

When the measures aimed at non-drug correction of pineal function of are applied in pregnant women with placental insufficiency, manifested
as intrauterine growth restriction of the fetus, the next changes are observed: the elevation of plasma concentrations of melatonin, the decrease
of levels of proinflammatory cytokines and the increase of concentrations of placental growth factor PIGF. Thus, we suggest that the pineal
gland exerts its effect on the immune system through melatonin, which moderates the activity of pro- and anti-inflammatory cytokines, thereby
reducing the influence of inflammation on placental tissue, what results in ther increase of placental growth factor PIGF concentrations in the

y
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