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Abstract

Background Pregnant women with hypertensive disorders are at increased risk for inflammatory diseases and oxi-
dative stress. The dilemma raised by the best dosage of calcium supplementation on these factors is evident. The
aim of the current study was to examine the effects of calcium on biomarkers of the purinergic system, inflam-
mation and oxidative stress, which are factors contributing to vascular damage in pregnant women at high risk

of pre-eclampsia.

Methods A prospective, double-blind and placebo-controlled study conducted with 101 women at risk of pre-
eclampsia were randomized to take 500 mg calcium/day or 1,500 mg calcium/day or placebo for 6 weeks

from the 20th gestational week until delivery. Fasting blood samples were collected at the beginning of the study
and 6 weeks after the intervention.

Results Taking calcium supplements (500 mg calcium/day) led to a significant increase in ATP hydrolysis (p <0.05),
NTPDase activity with increased hydrolysis of ADP and AMP nucleotides in platelets and lymphocytes. In the intra-
group analysis IL-2, IL-6, IL.-4 and interferon-y presented lower values in the calcium 1,500 mg/day group (p <0.005).
Oxidative stress was assessed by TBARS pro-oxidant marker, with an increase for the calcium groups when compared
to the placebo group. The Vitamin C antioxidant marker presented a significant increase (p < 0.005) for the group
that received high calcium doses.

Conclusions Calcium administration for 6 weeks had antioxidant action and positively modulated the purinergic
system and inflammatory markers in pregnant women at risk of pre-eclampsia.
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Introduction

Normal fetal development depends on maternal hemo-
dynamics and on cardiovascular changes to meet the
increasing oxygen and nutrient demands [1]. Alterations
in these adaptive changes can develop gestational hyper-
tensive disorders that affect from 5 to 30% of the preg-
nancies, contributing to nearly 60,000 maternal deaths/
year due to complications inherent to these disorders,
constituting the leading cause of maternal mortality in
low-income and still developing countries like Brazil [2].

Altered placental implantation has traditionally been
accepted as the primary event responsible for the histo-
logical abnormalities seen in pre-eclampsia [3]. Ischemic
placenta releases antiangiogenic factors into the mother’s
circulation, causing widespread endothelial damage, high
levels of inflammatory cytokines and increased oxidative
stress, factors that affect the endothelial function in the
entire maternal circulation system with detrimental con-
sequences for fetal health [4, 5].

Although etiology and pathogenesis of these diseases
remain unclear, advances indicate that organ deteriora-
tion processes share common essential characteristics
in pre-eclampsia, including cellular injury and increased
plasma biomarkers such as 8-isoprostane, C-reactive
protein, IL-1f, IL-6 and IL-10, in addition to other dys-
functions that contribute to functional development and
morphological impairment of the cells [6, 7].

A recent study showed that adverse pregnancy out-
comes such as fetal growth restriction (FGR), placenta
previa, placental abruption and pre-eclampsia were
associated with increased serum levels of soluble fms-
like tyrosine kinases (sFlt-1), 8-epi-prostaglandinF2-
alpha (8epi-PGF2a) and decreased levels of the placental
growth factor (PIGF) and of total antioxidant capacity
(TAC), in addition to vascular endothelial damage, car-
diovascular complications and an exaggerated inflamma-
tory response [8, 9].

Despite the considerable progress made in under-
standing the molecular mechanisms of these diseases,
the current therapeutic options are limited and no phar-
macological treatment has emerged to date. However,
calcium supplementation suggests a promising benefi-
cial effect in gestational hypertensive disorders, capable
of modulating vascular metabolism and reducing the
risk of mortality due to cardiovascular diseases by nearly
30% [10, 11].

Although the recommendation is to initiate calcium
supplementation at the 20th gestational in at-risk preg-
nant women from low-income countries, universal cal-
cium supplementation for pregnant women is not part
of the prenatal care services in Brazil. Conflicting results
have been reported on the safety of effective dosage, as
well as of long-term and excess calcium supplementation
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in low- and middle-income countries [12, 13]. Therefore,
the conflicting effects of the action of calcium fall on the
recommended dosage and use time of the supplement.

To the present day, there is scarce evidence of biologi-
cal mechanisms that link calcium supplementation to
endothelial damage in hypertensive pregnant women [14].
Elucidation of common and unique mechanisms respon-
sible for the deterioration present in hypertensive syn-
dromes can facilitate identification and development of
effective goals and therapies [6].

From the analysis of the purinergic system, it will be
possible to understand such mechanisms by revealing
possible markers or relevant pathways in these patho-
logical processes and, in this way, this understanding
can help us prevent complications by means of timely
interventions, mainly those related to pre-eclampsia.
Our starting point is the assumption that calcium sup-
plementation contributes to increasing vasodilation and
to mediating endothelial dysfunction in pre-eclampsia,
as well as to reducing the inflammatory and oxidative
stress processes.

This study aimed at evaluating the activity of puriner-
gic ectoenzymes and oxidative stress and inflammation
markers in hypertensive pregnant women supplemented
with calcium at low and high doses.

Methodology

Participants

The study participants were pregnant women at high
cardiovascular risk recruited from the reference out-
patient service for high-risk prenatal care in the Brazil-
ian South Region, linked to the Unified Health System
(Sistema Unico de Saiide, SUS). The territory chosen
to develop the research is a reference in health actions
and makes up the region of the Great Mercosur Border
(Meso Mercosur).

Experimental design

This is a placebo-controlled randomized clinical trial
conducted with 3 parallel groups from June 2018 to July
2019. Randomization was performed by a statistician
unrelated to the trial using an online calculator (http://
randomization.com/) by means of permuted blocking.
Treatment assignments within the blocks were deter-
mined randomly in order, with the desired allocation
ratio achieved within each block: 1:1:1. The codes gener-
ated were allocated in packages containing the codings
generated by randomization.

Sample size was calculated based on the primary
results of calcium supplementation in pregnant women
from previous studies!"?. The difference between the
group means in the reduction of systolic and diastolic
blood pressure and proteinuria (4% in the placebo group,


http://randomization.com/
http://randomization.com/

de Brito Pitilin et al. BMC Pregnancy and Childbirth (2024) 24:71

8% in the 500 mg calcium/day group, and 12% in the
1,500 mg calcium/day group) was considered, with Type
I error (a) of 0.05%, Type II error (beta) of 0.20%, and
80% study power. The required sample calculated totaled
175 pregnant women. However, due to probable losses,
sample calculation was expanded by 10%, totaling preg-
nant women, subdivided into three groups.

The inclusion criteria were as follows: pregnant women
over 18 years of age, with a single fetus, primigravidas,
diagnosed with gestational hypertension, overweight/
obesity, at least 20th gestational weeks, low socioeco-
nomic factor, with low dietary calcium intake (less than
800 mg/day), and who were not in use of medications
that could interfere with calcium absorption (for exam-
ple: corticosteroids, thiazides and thyroid hormones).

The diagnosis of pre eclampsia was characterized by
gestational hypertension with increased blood pressure
levels at or above 140 mmHg for systolic blood pres-
sure (SBP) and at or above 90 mmHg for diastolic blood
pressure (DBP) identified in Korotkoff phase V after the
20th gestational week, overweight/obesity, low socioeco-
nomic factor and with low dietary calcium intake (less
than 800 mg/day). The clinical evaluation was carried out
in accordance with international recommendations and
guidelines for the care for pregnant women at risk [10].

After randomization, 92 participants were excluded
from the study because they presented polyhydram-
nios, severe anemia, fetal death, history of hypertension
before pregnancy, premature placental abruption, prema-
ture rupture of membranes (PROM) and altered umbili-
cal artery Doppler, uteroplacental insufficiency (Fig. 1).
These participants were at high risk of eclampia requir-
ing hospitalization and the use of other medications that
could interfere with calcium and therefore did not con-
tinue in the study.

Randon

The participants were randomly allocated and masked
regarding the dosage received from the 20th gesta-
tional week to delivery. A third person was responsible
for administering and prescribing the tablets. The study
researchers were not masked for calcium dosage because
masking does not interfere with the primary outcome
of this study, which consists in clinical and laboratory
measurements.

Intervention

The intervention consisted in prescribing 02 elemental
calcium tablets containing 500 mg a day (500 mg cal-
cium/day group), 02 elemental calcium tablets containing
1,500 mg a day (1,500 mg calcium/day group) and 02 pla-
cebo tablets for the control group. The placebo tablet was
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indistinguishable from the calcium one in aspect, taste
and dosage prescribed.

The tablets were provided to the participants in each
follow-up instance of the study. It was instructed that cal-
cium be consumed with water, preferably between both
main meals (lunch and dinner), in order to minimize any
possible interference with the absorption of other miner-
als. No participant was administered or made use of anti-
hypertensive medications during the study period.

The pregnant women were instructed to continue sup-
plementation until delivery, and were asked not to alter
their normal dietary intake during the study and not to
take supplements other than those provided to them by
the researcher. Envelopes containing the tablets were
handed in to the participants, with the exact number of
tablets for 06 weeks.

Ethics approval

The study complied with the required ethical require-
ments, respecting the regulatory guidelines and norms
for research with human beings. It is approved in the Bra-
zilian Registry of Clinical Trials (https://ensaiosclinicos.
gov.br/rg/RBR-9ngh95). Trial identification UTN code:
U1111-1221-4052. Date of registration: 11/07/2018.
Last approval date: 06/28/2022 Also, this study was per-
fomed in line with the principles of the Declaration of
Helsinki. Approval was granted by the Ethics Committee
of Federal University of Sdo Paulo (17/05/2018 under n°
2.659.764). Informed consent was obtained from all indi-
vidual participants included in the study. All experiments
were performed in accordance with relevant guidelines
and regulations.

All experimental protocols were approved by a named
institutional and/or licensing committee by the Ethics
Committee of Federal University of Sdo Paulo. The con-
sent was obtained from all subjects and/or their legal
guardian(s).

Outcomes
The primary outcome of the study was the evaluating
the activity of purinergic ectoenzymes and oxidative
stress and inflammation markers in hypertensive preg-
nant women supplemented with calcium at low and
high doses.

Secondary outcomes were low birth weight (<2.500 g)
and prematurity (< 37 weeks).

Reagents and equipment

The following were used to perform the protocols for
analysis of the purinergic system: substrates ATP, ADP,
AMP, Ado, bovine serum albumin, HEPES, Ficoll-His-
topaque and Coomassie reagent obtained from Sigma-
Aldrich (St. Louis, MO, United States of America
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Fig. 1 Flow diagram of the study design and participant allocation

— USA). The CBA (Cytometric Bead Array Human Thl/
Th2 Cytokine Kit II) kit, obtained from BD Bioscienses
(BD Diagnostics, Burlington, NC, USA), was used to
quantify the interleukins. All the other reagents used
in the experiments of the purinergic system and oxida-
tive profile were obtained with analytical grade and high
purity.

The centrifuge used is Sigma 3 k—16L®, the proteins
were dosed and normalized in a UV/VIS 5300PC spec-
trophotometer (Shanghai Metash Instruments Co.,
Shanghai, China) and the other readings were made
in a Multiskan” GO microplate spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA). A BD
Accuri C6 flow cytometer (BD Diagnostics, Burlington,
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NC, USA) was used for the analysis of the inflamma-
tory parameters. All the samples obtained were stored
at -80 °C in an Indrel IULT 335D-486 ultrafreezer.

Separation of biological samples

The biological material was collected by means of
anterocubital venipuncture in EDTA tubes, sodium cit-
rate tubes and tubes without anticoagulant to obtain
serum, stored in thermal boxes and sent to the UFFS
Biochemistry laboratory for processing. The tubes
without anticoagulant were centrifuged at 3,500 rpm
for 15 min and the serum obtained was stored in a cry-
otube and stored in an ultrafreezer at -80 °C.

To obtain the platelet concentrate, the whole blood
tube collected with sodium citrate as anticoagulant was
centrifuged at 1,200 rpm for 10 min. Subsequently, the
plasma obtained was again centrifuged at 5,000 rpm for
30 min and washed with a 3.5 mM HEPES buffer, pH
7.2, according to the protocol [15, 16]. The concentrate
content obtained was resuspended in a 500 pul HEPES
buffer and stored in an ultrafreezer at -80 °C.

For separation of the lymphocyte layer, the adapted
methodology [17] was employed, using the Ficoll-
Histopaque reagent, which promotes separation by
a density gradient. For the separation procedure, the
samples from the tubes containing EDTA were diluted
in 0.9% saline solution and added to the tube contain-
ing Ficoll, which was centrifuged at 1,800 rpm for
30 min. After the centrifugation procedure, the layer
gradient was observed, and the lymphocyte concentrate
was removed from the intermediate layer and, subse-
quently, it was subjected to washing and centrifugation
procedures with 0.9% saline solution. At the end, the
supernatant was discarded and 500 pL of saline solu-
tion was added to the lymphocytes, storing the sample
in the ultrafreezer to perform the analytical protocols.

Protein dosage

The proteins of the samples were assessed by means
of the Bradford method [18], with reading at 595 nm,
using bovine serum albumina as standard. For pro-
tein dosage of the samples, 2,500 puL of the Coomas-
sie reagent and 50 pL of sample were added in a test
tube, absorbance was read and the concentrations were
calculated.

The protein concentrations of the samples were nor-
malized from 0.1 to 0.2 mg/mL and from 0.4 to 0.6 mg/
mL, for lymphocyte and platelet samples, respectively.
Values above the range defined were diluted with saline
solution for the lymphocytes and with a HEPES buffer for
the platelets.
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NTPDase and ecto-5"-nucleotidase activity in platelets

and lymphocytes

The ATP hydrolysis into ADP and AMP test was per-
formed to measure the activity of the NTPDase and
ecto-5’-nucleotidase ectoenzymes, according to the
methodology defined by Pilla [15] and adapted by [16],
which evaluates the released inorganic phosphate read-
ing in a spectrophotometer at 630 nm; the results were
expressed as nmolPi/min/mg protein.

The test consists in incubating the sample and nucle-
otide (10 mM ATP/ADP and 20 mM AMP) with an
incubation system containing 1.2 M sodium chloride,
60 mM glucose, 50 mM potassium chloride, 500 mM
tris-hydrochloride (pH 7.4), 50 mM calcium chloride
(for ATP and ADP), and 100 mM magnesium chloride
(for AMP), followed by coloring with malachite green.
The lymphocyte and platelet samples were incubated
for 60 and 70 min, respectively.

Activity of ADA in platelets and lymphocytes

Activity of the adenosine deaminase (ADA) ecto-
enzyme was determined according to the protocol
defined by Giusti and Galanti [19], with readings of the
amount of ammonia released performed in a spectro-
photometer at 620 nm. Briefly, the protocol consists in
making the sample react with 21 mM adenosine after
incubation (at 37 °C for 60 min) and adding phenol/
nitroprusside and alkaline hypochlorite solutions (at
37 °C for 30 min); the results were expressed in units
per liter (U/L).

Quantification of the interleukins

For determination of the inflammatory parameters,
interleukins (IL) IL-2, IL-4, IL-6, IL-10, tumor necro-
sis factor (TNF) and interferon gamma (INF-y) were
quantified using a commercial Cytometric Bead Array
Human Th1/Th2 Cytokine Kit II (CBA 1I), catalog code
551,809 from BD Bioscienses, according to the manu-
facturer’s instructions. For the CBA 1I test, the samples
were labeled with a set of analytes of known size and
fluorescence, assembling sandwich complexes that were
sequentially captured in a flow cytometer; the results
were expressed in pg/mL.

Oxidative stress markers

The oxidative profile markers of the pregnant women
were evaluated from the plasma samples with EDTA
and corresponded to oxidative stress indicators such as
thiobarbituric acid reactive substances (TBARS) and
myeloperoxidase (MPO), and to markers of the enzy-
matic and non-enzymatic antioxidant defenses, namely:
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ascorbic acid (Vitamin C), protein (PSH) and nonprotein
(NPSH) thiols.

For the TBARS test, a measurement was taken of the
amount of malondialdehyde released by the lipoperoxida-
tion process caused by the reactive oxygen species (ROS),
which, when heated in the presence of thiobarbituric
acid, forms a pink compound, which was measured in a
spectrophotometer at 532 nm according to the protocol
defined by Jentzsch [20] with modifications, expressing
the results in nmol MDA/mL. The MPO test comprised
quantification of this enzyme in a spectrophotometer
at 492 nm, according to Suzuki [21] with modifications,
and the results were expressed as mM quinoneimine
produced in 30 min; MPO is produced by inflammatory
mediators and released by the leukocytes at injury sites,
generating hypochlorous acid.

Evaluation of the PSH and NPSH antioxidant mark-
ers was performed according to the Ellman [22] proto-
col with modifications, where the thiol groups react with
reagent 2,2’-dinitro-5,5"-dithiodibenzoic acid (DTNB)
generating a yellow compound, which is read in the spec-
trophotometer at 412 nm, expressing the result in pmol/
mL of plasma. To assess the exogenous antioxidant, Vita-
min C, the protocol defined by Jacques-Silva [23] with
modifications, absorbance was read at 520 nm and the
results were expressed in grams/liter (g/L).

Data analysis

The analyses were performed using the Statistical Pack-
age for the Social Sciences (SPSS) software, version 20.0.
Automatic data verification was performed at the typing
moment, through the Check function. To identify and
correct inconsistencies in coding, reviewing and typing,
data debugging was performed, obtaining the frequencies
of the variables collected in the program itself.

For the longitudinal analyses, repeated evaluations of
each patient were used for all the outcomes (dependent
variables) in generalized linear mixed models. Use of
GLMM considers the totality of observations, even those
corresponding to the discontinued patients. The model
allowed assessing the time (before and after the interven-
tion) and group (calcium 500 mg/day, calcium 1,500 mg/
day and placebo) fixed factors, as well as a possible inter-
action effect between time and group.

The model was fitted with gamma distribution with
log-link, considering individuals as random effect and
first-order autoregressive covariance matrix (AR1). The
best fit was defined by means of the Akaike Information
Criterion (AIC). The Normal and Tweedle probability
functions were also tested. The assumption of normality
of residuals was verified with the QQ plot with confirma-
tory results and the analysis of paired multiple compari-
sons was performed by means of the Bonferroni test.
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The results were presented as mean and standard devi-
ation. The differences in which the probability of reject-
ing the null hypothesis was less than 5% (p<0.05) were
considered as statistically significant both intragroup and
intergroup at each moment separately.

Intention-to-treat analysis was adopted. For the cases
in which treatment was interrupted, the patients were
first invited to only perform the assessments. For the
patients who refused to return the assessments, the pre-
viously collected data were repeated in the subsequent
evaluations.

The study complied with the mandatory ethical
requirements, respecting the guidelines and regulatory
rules for research with human beings.

Results

Clinical characteristics, demographic information and
laboratory characteristics before the start of the trial
(baseline) were statistically similar for the study sample
and are shown in Table 1. The results suggest the homo-
geneity between the groups and that randomization was
not compromised by discrepancies among the groups.

Signaling of the purinergic ectoenzymes

We investigated the effect of calcium on the pregnant
women’s purinergic signaling. Figure 1 shows the activ-
ity of the purinergic ectoenzymes in lymphocyte sam-
ples. The NTPDase activity is observed in relation to
substrates ATP, ADP, AMP and ADA and the significant
increase of ATP hydrolysis in the group supplemented
with 500 mg calcium/day (p<0.05) is verified, when
compared to the placebo group (Fig. 2A). There was
also a significant increase in this nucleotide in the intra-
group analysis among the participants from the lower
dose group.

As for the NTPDase activity in relation to the ADP sub-
strate and the ecto-5"-nucleotidase activity, an increase
in the hydrolysis of the ADP and AMP nucleotides was
observed in the hypertensive pregnant women after sup-
plementation with 500 mg calcium/day and 1,500 mg
calcium/day (p<0.05) in relation to the placebo group
(Fig. 2B and C). The activity of ADA was significant in
the intragroup analysis for the calcium 500 mg/day group
after 06 weeks of supplementation (Fig. 2D).

Figure 3 represents the activity of the purinergic ecto-
enzymes in platelet samples. We verified increased NTP-
Dase activity with the ATP substrate in the hypertensive
pregnant women after 500 mg calcium/day and 1,500 mg
calcium/day supplementation when compared to the
placebo group (p<0.05) (Fig. 2A). As for the NTPDase
activity in relation to the ADP substrate and the ecto-
5-nucleotidase activity, there was an increase in the
hydrolysis of ADP and AMP nucleotides for the group
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Table 1 Clinical characteristics, demographic information before the start of the trial (baseline) according to the groups

Variable Calcium group 500 mg/day Calcium group Placebo Group P-value

1,500 mg/day
Mean (SD) Mean (SD) Mean (SD)

Age (years) 30.2(5.1) 304 (5.1) 286 (4.7) 0327
Education (years of study) 124 (5.5) 124 (4.6) 13.9(5.3) 0427
Gestational age (weeks) 26.9 (4.0) 263 (4.7) 28.2 (5.0) 0.299
Initial weight (Kg) 94.2(17.3) 86.5 (16.3) 87.7(17.9) 0.227
Initial BMI (Kg/m?) 35.7(5.9) 326(7.1) 327(6.2) 0.161
Dietary calcium (g) 531.5(315.7) 731.5(477.0) 569.7 (310.1) 0.135
Initial SBP (mmHg) 131.6(13.8) 1315(11.2) 127.8 (12.6) 0416
Initial DBP (mmHg) 84.2(9.3) 83.8(13.2) 81.3(8.9) 0.531
Triglyceride, mg/dl 224.9(18.1) 211.2(15.1) 137.8(8.9) 0.075
Cholesterol, mg/dl 201.0 (6.9) 235.8(8.0) 227.1(6.9) 0.195
LDL-c, mg/d| 101.7 (5.7) 123.8 (6.9) 116.3 (5.8) 0.063
HDL-c, mg/dl 62.8 (34) 65.6 (3.5) 76.6 (3.7) 0.393
Hs-CRP, mg/d| 14.3(1.8) 10.5(1.3) 33(03) 0.268
lonized calcium, mg/dl 9.1(0.2) 9.1(0.2) 94(0.2) 0.832

ANOVA - independent samples / # Chi-square. SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, LDL-c low-density lipoprotein
cholesterol, HDL-c high-density lipoprotein cholesterol, hs-CRP ultrasensitive C-reactive protein

supplemented with 1,500 mg calcium/day in the intra-
group and intergroup analysis (Fig. 2B and C). The activ-
ity of ADA was significant for the calcium 1,500 mg/day
(p <0.05) after the intervention, in relation to the placebo
group (Fig. 3D).

Quantification of the interleukins and inflammatory
response

The evaluation of the interleukins is represented in Fig. 4,
where it can be seen that the pro-inflammatory inter-
leukins, IL-2, IL-6 and interferon-y (4A, 4B and 4C)
presented significant differences between the groups
(p<0.05). In the intragroup analysis, IL-2, IL-6 and
interferon-y were lower after 6 weeks of supplementa-
tion in the 1,500 mg calcium/day group when compared
to the placebo group. However, these markers presented
higher concentrations in the group that received the min-
imum calcium supplementation.

On the other hand, the anti-inflammatory interleukins
presented higher concentrations in the group supple-
mented with 500 mg calcium/day (p <0.005) (4D, 4E and
4F). After 6 weeks of supplementation it was possible to
observe a significant increase in IL-4 in the intragroup
analysis (p<0.005) both for the 500 mg calcium/day
group and for the 1,500 mg calcium/day group. The IL-10
concentration was higher in the group that received low
dosages when compared to the placebo group. The differ-
ence in the TNF concentration was significant between
the groups, higher in the placebo group.

Oxidative stress parameters

The oxidative stress parameters are represented in Fig. 4.
There were significant differences (p<0.005) between
the groups in the TBARS pro-oxidant marker, with an
increase for the 500 mg calcium/day and 1,500 mg cal-
cium/day groups when compared to the placebo group
(Fig. 5A). There were no significant differences for the
MPO marker (Fig. 5B).

As for the antioxidant markers, the difference was
in the Vitamin C content, observing an increase of this
marker in the group supplemented with 500 mg calcium/
day and 1,500 mg calcium/day when compared to the
placebo group (Fig. 5C). In addition, there was a signifi-
cant increase in the intragroup analysis for the individu-
als from the calcium 500 mg/day group after 06 weeks of
supplementation (p <0.05). No statistical differences were
observed for the other antioxidant markers (p>0.05)
(Fig. 5D and E).

The secondary outcomes at the end of sex weeks are
shown in Table 2. There was no difference between the
groups and no worsening of birth conditions.

Discussion

In this study we examined the effects of low and high
calcium dosages on the biomarkers of the puriner-
gic system, inflammation and oxidative stress, which
are factors contributing to the vascular and endothe-
lial prognosis of pregnant women at high risk of
pre-eclampsia. The ischemia-perfusion seen in pre-
eclampsia associated with failure of the compensatory
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mechanisms resulting in placental dysfunction, oxida-
tive and vascular damage can be minimized with the use
of calcium. Large randomized and placebo-controlled
trials discovered that calcium supplementation prevents
the risk of pre-eclampsia [24—26].

Calcium may have stimulated the increase in the
activity of the purinergic ectoenzymes in the hyper-
tensive pregnant women participating in our study,
and this can have beneficial effects on vasculature,

including vasodilation and hypertension control. The
purpose of the increase in this enzymatic activity is to
preserve vascular permeability. ATP hydrolysis into
adenosine ensures anti-inflammatory action in order
to avoid pathological effects induced by extracellular
ATP [27]. In other words, activation of the inflamma-
tory response indicates the effect of calcium on activa-
tion of these cells and on the reduction in the pressure
levels. Low calcium doses such as 500 mg/day were
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already sufficient to promote a satisfactory vasoactive
and anti-inflammatory function.

The activity of ADA can be an interesting parameter to
assess progression of the disease. Both in lymphocytes
and in platelets, the activity of ADA was significant in the
different dosages when compared to the placebo group.
Other studies also verified that the activity of ADA seems
to be effective in reducing the amount of extracellular
ATP [27, 28].

Maintenance of adequate activity of the purinergic sys-
tem allows for ideal concentrations of the nucleotides,
which have predefined functions during the pregnancy-
puerperal cycle. ATP and ADP promote uterine con-
traction, by the action of prostaglandins induced by the
P2Y-type receptors, also acting on endometrial cell pro-
liferation and differentiation in the postpartum period
[29].

In addition, the adenosine released from the placenta
acts as a thermogenesis inhibitor before birth, assisting
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in regulation of fetal metabolism [30]. Extracellular
nucleotides also act as regulators of the ion efflux in
the placenta, allowing correct perfusion and adequate
fetal growth during gestation [31]. On the other hand,
placental hypoperfusion is linked to an imbalance in
angiogenesis, resulting in vascular endothelial dam-
age, cardiovascular complications and an exaggerated
inflammatory response [30, 31].

In the evaluation of the inflammatory markers in
our study, we noticed that pro-inflammatory interleu-
kins IL-2 and IL-6 presented lower concentrations in
the group that received high calcium doses. The effect
of calcium in high dosages is well-known for reducing
the inflammatory damages in hypertensive pregnant
women [26-28].

IL-2 and IL-6 are inflammatory markers found dur-
ing pregnancy due to the implantation, invasion and
vascularization of trophoblast cells in the maternal
endometrium. In fact, the presence of these markers is
essential both in maintenance of the pregnancy and in

progression of the delivery [1]. However, the balance
between the pro- and anti-inflammatory conditions
needs to be controlled by means of several regulating
mechanisms, and calcium may be yet another of these
satisfactory mechanisms [32].

According to these findings, the concentrations of anti-
inflammatory cytokines such as IL-4, IL-10 and TNF
were higher in the supplemented groups when compared
to the placebo group, reinforcing the effect of calcium
in reducing both endothelial dysfunctions and inflam-
matory processes in at-risk pregnant women. The anti-
inflammatory activity of calcium is presumed to cause
remodeling via the activated immune responses, leading
to an improvement in endothelial dysfunction [33].

It is possible that the pre-existing altered vascular func-
tion arising from an inadequately perfused placenta is
one of the fundamental causes of the inflammation and
oxidative stress response. Among the oxidative stress
markers there were significant differences between the
supplemented and placebo groups, with an increase in
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the concentration of the TBARS oxidant in the groups
that were supplemented with calcium, both at the
500 mg/day and at the 1,500 mg/day dosage. On the
other hand, the antioxidant analyzed, Vitamin C, pre-
sented higher concentrations in the groups that received
calcium, regardless of the dosage [34, 35].

Table 2 Secondary  outcomes  after 08  weeks  of

supplementation between the intervention groups

Variable 500 mg/day 1.500 mg/day Placebo P-value
Group Group Group

Birth weight (g)  2.813 (0.69) 2.982 (0.43) 3.233(057) 0223

Gestationalage  37.3(2.2) 37.6(2.3) 379(1.1) 0.608

(weeks)

Premature 7 (9.0) 6(7.7) 4(5.1) 0.237*

delivary

Neonatal ICU 5(64) 2(2.6) 3(3.8) 0.312f

ANOVA - independent samples / * Chi-square

It is possible that the increase in oxidative stress may
have been counterbalanced by the increase in the synthe-
sis of antioxidants. In recent years, oxidative stress bio-
markers were detected in the blood from women with
pre-eclampsia (3). Other studies have also identified
increased levels of thiobarbituric acid reactive substances
(TBARS), measured as production of malondialdehyde
(MDA), a degradation product of lipid peroxidation, in
erythrocytes, blood plasma and placental tissue [34, 35].

However, daily calcium supplementation appears
to favor increased Vitamin C synthesis with a possi-
ble reduction in vascular damage, given the similarity
between the groups in this study before supplementa-
tion. It can be predicted that the satisfactory effect of the
increased antioxidant synthesis was the result of continu-
ous calcium use due to its antioxidant and anti-inflam-
matory properties [36].

Despite a more obvious reduction for vascular and
inflammatory damage in the group that received higher
calcium doses (1,500 mg/day), the effects of calcium were
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also satisfactory in the group that was administered lower
dosages. Lower dosages can result in fewer side effects,
greater adherence to the treatment, easier intake and
lower costs for the health services, which should be espe-
cially considered in still developing countries [26—28].

After supplementation, there was no association
between the received dosages and low birth weight
and/or prematurity. Regardless of the received dosage,
the disease in question did not worsen the exposure to
risk or worsen neonatal outcomes.

Thus, the need for calcium supplementation in the
population of hypertensive pregnant women is rein-
forced, in order to reduce the potential risk of compli-
cations from cardiovascular diseases.

Conclusions

Considering the probability of low adherence among
the women with high supplementation doses, at least
the minimum effective dose should be considered and
guaranteed. It is important to emphasize that calcium
supplementation in any dosage is not part of the health
services’ protocols in most Brazilian regions and states,
just as it is not where this study was conducted, which
can be another argument in favor of encouraging pre-
scription of the supplement in the clinical practice.

After 6 weeks of supplementation, there was no asso-
ciation between the supplemented dosages and low
birth weight, prematurity or worsening of the birth out-
comes. Regardless of the dosage received, the disease in
question did not worsen risk exposure or the neonatal
outcomes. Thus, the need for calcium supplementation
in the population of hypertensive pregnant women is
reinforced, in order to reduce the potential risk of com-
plications due to vascular diseases.

The low prevalence of severe complications was
expected because two groups were supplemented with
calcium, which is known to reduce severe complica-
tions in hypertensive disorders. Given the similarity of
the groups before the clinical decision, the favorable
outcomes found can be the result of the supplemented
calcium. Daily calcium supplementation after 6 weeks
significantly increased the activity of the purinergic
system ectoenzymes, the concentration of anti-inflam-
matory interleukins and the concentration of antioxi-
dant markers, contributing to the reduction of vascular
damage and inflammatory processes caused by the sys-
temic reaction of gestational hypertension.

There was an improvement in the outcomes stud-
ied for the group that received higher calcium doses
(1,500 mg/day), but the effects of calcium in a lower
dosage (500 mg/day) were also satisfactory in reduc-
ing vascular damage. Our study evidences the need
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for prevention and control of the inflammatory profile
and antioxidant status in the clinical practice for at-risk
pregnant women. Therapies to alleviate symptoms and
maintain pregnancy are necessary to prolong gestation.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512884-023-06235-8.

Additional file 1. Supplementary Material. Figure 01. Flow diagram of
the study design and participant allocation. Table 1. Clinical character-
istics, demographic information before the start of the trial (baseline)
according to the groups.

Acknowledgements
We would like to thank all the pregnant women who participated in the study.

Authors’ contributions

Conceptualization: EBP, PPO, FM, BB, MDB. Methodology: EBP, MDB, JS, PPO.
Investigations: EBP, PPO, MDB, MMP, JDL. Funding acquisition: EBP, MDB, JS.
Project administration: JS, BBP, MDB. Supervision: JS. Writing original draft: EBP,
FM, BB, JDL. Writing review and editing: PPO, MDB, JS. All author reviewed and
approved the final version.

Funding

The research protocol was submitted to the National Council for Scientific

and Technological Development (CNPg) and granted financial support,
according to public notice 28/2018 - Universal of the Ministry of Science,
Technology, Innovations and Communications/National Council for Scientific
and Technological Development (Ministério de Ciéncia, Tecnologia, Inovagées e
Comunicagoes, MCTIC/CNPQ). This paper was also funded by the Support Fund
for the Maintenance and Development of Higher Education (Fundo de Apoio a
Manutengdo e ao Desenvolvimento da Educagdo Superior, FUMDES). The study
funders did not play any role in the study design, data collection, data analysis,
data interpretation or writing of the report.

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

Full ethical permission was gained from Ethics Committee of Federal Univer-
sity of Sao Paulo, Brazil. Participants gave informed consent and all aspects of
the study were carried out in line with the declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

! Graduate Program in Nursing, Federal University of Fronteira Sul, Chapec,
Santa Catarina, Brazil. °Graduate Program in Biomedical Sciences, Federal
University of Fronteira Sul, Chapecd, Santa Catarina, Brazil. 3Graduate Program
in Nursing, Midwest State University, Guarapuava, Parana, Brazil. “‘Graduate
Program in Pharmaceutical Sciences, Department of Microbiology and Parasi-
tology, Federal University of Santa Maria, Santa Maria, Rio Grande Do Sul, Brazil.
SCommunity University of Chapeco, Chapeco, Santa Catarina, Brazil. 5Graduate
Program in S&o Paulo School of Nursings, Federal University of Sao Paulo, Sdo
Paulo, SP, Brazil.

Received: 4 May 2023 Accepted: 28 December 2023
Published online: 20 January 2024


https://doi.org/10.1186/s12884-023-06235-8
https://doi.org/10.1186/s12884-023-06235-8

de Brito Pitilin et al. BMC Pregnancy and Childbirth

(2024) 24:71

References

1.

Echeverria C, Eltit F, Santibanez JF, Gatica S, Cabello-Verrugio C, Simon

F. Endothelial dysfunction in pregnancy metabolic disorders. Biochim
Biophys Acta BBA-Mol Basis Dis. 2020;1866(2):165414. https://doi.org/10.
1016/j.bbadis.

Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al.
World Health Organization 2020 guidelines on physical activity and
sedentary behaviour. Br J Sports Med. 2020;54(24):1451-62 https://nyasp
ubs.onlinelibrary.wiley.com/doi/epdf/10.1111/nyas.14733.

Gathiram P, Moodley J. Pre-eclampsia: its pathogenesis and pathophysi-
olgy: review articles. Cardiovasc J Afr. 2016;27(2):71-8. https://doi.org/10.
5830/CVJA-2016-009.

Phipps E, Prasanna D, Brima W, Jim B. Preeclampsia: updates in pathogen-
esis, definitions, and guidelines. Clin J Am Soc Nephrol. 2016;11(6):1102—
13. https://doi.org/10.2215/CIN.12081115.

LaMarca B, Amaral LM, Harmon AC, Cornelius DC, Faulkner JL, Cunning-
ham MW. Placental ischemia and resultant phenotype in animal models
of preeclampsia. Curr Hypertens Rep. 2016;18:1-9. https://doi.org/10.
1007/511906-016-0633-x.

Zhou RP, Wu XS, Wang ZS, Xie YY, Ge JF, Chen FH. Novel insights into acid-
sensing ion channels: implications for degenerative diseases. Aging Dis.
2016;7(4):491. https://doi.org/10.14336/AD.2015.1213.

Ferguson KK, Meeker JD, McElrath TF, Mukherjee B, Cantonwine DE.
Repeated measures of inflammation and oxidative stress biomarkers

in preeclamptic and normotensive pregnancies. Am J Obstet Gynecol.
2017;216(5):527-e1. https://doi.org/10.1016/j.aj0og.2016.12.174.

Turpin CA, Sakyi SA, Owiredu WK, Ephraim RK, Anto EO. Association
between adverse pregnancy outcome and imbalance in angiogenic
regulators and oxidative stress biomarkers in gestational hypertension
and preeclampsia. BMC Pregnancy Childbirth. 2015;15:1-10. https://doi.
0rg/10.1186/512884-015-0624-y.

Chiarello DI, Abad C, Rojas D, Toledo F, Vazquez CM, Mate A, et al. Oxida-
tive stress: Normal pregnancy versus preeclampsia. Biochim Biophys Acta
BBA-Mol Basis Dis. 2020;1866(2):165354. https://doi.org/10.1016/j.bbadis.
2018.12.005.

Tankeu AT, Ndip Agbor V, Noubiap JJ. Calcium supplementation and
cardiovascular risk: a rising concern. J Clin Hypertens. 2017;19(6):640-6.
https://doi.org/10.1111/jch.13010.

. PanaTA, Dehghani M, Baradaran HR, Neal SR, Wood AD, Kwok CS, et al.

Calcium intake, calcium supplementation and cardiovascular disease and
mortality in the British population: EPIC-norfolk prospective cohort study
and meta-analysis. Eur J Epidemiol. 2021;1-15. https://doi.org/10.1007/
$10654-020-00710-8.

Li K, Wang XF, Li DY, Chen YC, Zhao LJ, Liu XG, et al. The good, the bad,
and the ugly of calcium supplementation: a review of calcium intake on
human health. Clin Interv Aging. 2018,;2443-52. https://doi.org/10.2147/
CIAS157523.

Yang C, Shi X, Xia H, Yang X, Liu H, Pan D, et al. The evidence and contro-
versy between dietary calcium intake and calcium supplementation and
the risk of cardiovascular disease: a systematic review and meta-analysis
of cohort studies and randomized controlled trials. J Am Coll Nutr.
2020;39(4):352-70. https://doi.org/10.1080/07315724.2019.1649219.
Roos-Hesselink J, Baris L, Johnson M, De Backer J, Otto C, Marelli A, et al.
Pregnancy outcomes in women with cardiovascular disease: evolving
trends over 10 years in the ESC Registry of Pregnancy and Cardiac disease
(ROPAQ). Eur Heart J. 2019;40(47):3848-55. https://doi.org/10.1093/eurhe
artj/ehz136.

Pilla C, Emanuelli T, Frassetto SS, Battastini AMO, Dias RD, Sarkis JJF. ATP
diphosphohydrolase activity (apyrase, EC 3.6. 1.5) in human blood platelets.
Platelets. 1996;7(4):225-30. https://doi.org/10.3109/09537109609023582.
Lunkes GI, Lunkes D, Stefanello F, Morsch A, Morsch VM, Mazzanti CM,

et al. Enzymes that hydrolyze adenine nucleotides in diabetes and associ-
ated pathologies. Thromb Res. 2003;109(4):189-94. https://doi.org/10.
1016/50049-3848(03)00178-6.

Boyum A. Isolation of mononuclear cells and granulocytes from human
blood. Isolation of monuclear cells by one centrifugation, and of granulo-
cytes by combining centrifugation and sedimentation at 1 g. Scand J Clin
Lab Invest Suppl. 1968,97:77 ( http://doi.org/4179068).

Bradford MM. A rapid and sensitive method for the quantitation of micro-
gram quantities of protein utilizing the principle of protein-dye binding.

Anal Biochem. 1976;72(1-2):248-54. https.//doi.org/10.1006/abio.1976.9999.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Page 13 of 13

. Giusti G, Galanti B. Adenosine deaminase: colorimetric method. In: Berg-

meyer HU, editor. Methods of enzymatic analysis, Vol. 4. Weinheim: Verlac
Chemie; 1984.

Jentzsch AM, Bachmann H, Furst P, Biesalski HK. Improved analy-

sis of malondialdehyde in human body fluids. Free Radic Biol Med.
1996;20(2):251-6. https://doi.org/10.1016/0891-5849(95)02043-8.

Suzuki K, Ota H, Sasagawa S, Sakatani T, Fujikura T. Assay method for mye-
loperoxidase in human polymorphonuclear leukocytes. Anal Biochem.
1983;132(2):345-52. https://doi.org/10.1016/0003-2697(83)90019-2.
Ellaman GL. Tissue sulfhydryl group. Arch Biochem Biophys. 1959;82:70-7.
https://doi.org/10.1016/0003-9861(59)90090-6.

Jacques-Silva MC, Nogueira CW, Broch LC, Flores EM, Rocha JBT. Diphenyl
diselenide and ascorbic acid changes deposition of selenium and ascor-
bic acid in liver and brain of mice. Pharmacol Toxicol. 2001;88(3):119-25.
https://doi.org/10.1034/j.1600-0773.2001.d01-92 x.

Khanam F, Hossain B, Mistry SK, Mitra DK, Raza WA, Rifat M, et al. The
association between daily 500 mg calcium supplementation and lower
pregnancy-induced hypertension risk in Bangladesh. BMC Pregnancy
Childbirth. 2018;18(1):1-9. https://doi.org/10.1186/512884-018-2046-0.
Hofmeyr GJ, Betrdn AP, Singata-Madliki M, Cormick G, Munjanja SP, Faw-
cus S, et al. Prepregnancy and early pregnancy calcium supplementation
among women at high risk of pre-eclampsia: a multicentre, double-blind,
randomised, placebo-controlled trial. Lancet. 2019;393(10169):330-9.
https://doi.org/10.1016/5S0140-6736(18)31818-X.

Carole AK, Felix E, Florence T, Juliette ME, Fofack TS, Robinson M.
Comparative effect of calcium supplementation on the incidence of pre-
eclampsia and eclampsia among primigravid women. 2019. https://doi.
0rg/10.29328/journal.cjog.1001038.

Yoneyama'Y, Sawa R, Suzuki S, Otsubo Y, Miura A, Kuwabara Y, et al. Serum
adenosine deaminase activity in women with pre-eclampsia. Gynecol
Obstet Invest. 2002;54(3):164-7. https://doi.org/10.1159/000067885.
Hutchinson ES, Brownbill P, Jones NW, Abrahams VM, Baker PN, Sibley

CP, et al. Utero-placental haemodynamics in the pathogenesis of pre-
eclampsia. Placenta. 2009;30(7):634-41. https://doi.org/10.1016/j.place
Nnta.2009.04.011.

Burnstock G. Purinergic signalling in the reproductive system in health
and disease. Purinergic Signal. 2014;10(1):157-87.

Huang Z, Xie N, llles P, Di Virgilio F, Ulrich H, Semyanov A, Verkhratsky A,
Sperlagh B, Yu S-G, Huang C, Tang Y. From purines to purinergic signal-
ling: molecular functions and human diseases. Signal Transduct Target
Ther. 2021;6:162-76. https://doi.org/10.1038/541392-021-00553-z.
Roberts VHJ, Greenwood SL, Elliott AC, Sibley CP, Waters LH. Purinergic
receptors in human placenta: evidence for functionally active P2X4, P2X7,
P2Y2, and P2Y6. Am J Physiol Regul Integr Comp Physiol. 2006;290:1374—
86. https://doi.org/10.1152/ajpregu.00612.2005.

Bujold E, Hyett J. Calcium supplementation for prevention of pre-eclamp-
sia. Lancet. 2019;393(10169):298-300. https://doi.org/10.1016/S0140-
6736(18)32161-5.

Trankle CR, Canada JM, Cei L, Abouzak N, Oddi-Erdle C, Kadariya D, Chris-
topher S, Viscusi M, Buono MD, Kontos MC, Arena R, Tassel BV, Abbate A.
Usefulness of canakinumab to improve exercise capacity in patients with
long-term systolic heart failure and elevated C-reactive protein. Am J Car-
diol. 2018;122(8):1366-70. https://doi.org/10.1016/j.amjcard.2018.07.002.
Bharadwaj SK, Vishnu B, Vickneswaran V, Adhisivam B, Bobby ZS. Oxidative
stress, antioxidant status and neurodevelopmental outcome in neonates
born to pre-eclamptic mothers. Indian J Pediatr. 2018;85:351-7. https://
doi.org/10.1007/512098-017-2560-5.

Al-Kuraishy HA, Al-Gareeb Al, Al-Maiahy TJ. Concept and connotation

of oxidative stress in preeclampsia. J Lab Physicians. 2018;10(3):276-82.
https://doi.org/10.4103/JLPJLP_26_18.

Zielinska MA, Wesolowska A, Pawlus B, Hamulka J. Health effects of carot-
enoids during pregnancy and lactation. Nutrients. 2017;9(8):838. https://
doi.org/10.3390/nu9080838.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.bbadis
https://doi.org/10.1016/j.bbadis
https://nyaspubs.onlinelibrary.wiley.com/doi/epdf/10.1111/nyas.14733
https://nyaspubs.onlinelibrary.wiley.com/doi/epdf/10.1111/nyas.14733
https://doi.org/10.5830/CVJA-2016-009
https://doi.org/10.5830/CVJA-2016-009
https://doi.org/10.2215/CJN.12081115
https://doi.org/10.1007/s11906-016-0633-x
https://doi.org/10.1007/s11906-016-0633-x
https://doi.org/10.14336/AD.2015.1213
https://doi.org/10.1016/j.ajog.2016.12.174
https://doi.org/10.1186/s12884-015-0624-y
https://doi.org/10.1186/s12884-015-0624-y
https://doi.org/10.1016/j.bbadis.2018.12.005
https://doi.org/10.1016/j.bbadis.2018.12.005
https://doi.org/10.1111/jch.13010
https://doi.org/10.1007/s10654-020-00710-8
https://doi.org/10.1007/s10654-020-00710-8
https://doi.org/10.2147/CIA.S157523
https://doi.org/10.2147/CIA.S157523
https://doi.org/10.1080/07315724.2019.1649219
https://doi.org/10.1093/eurheartj/ehz136
https://doi.org/10.1093/eurheartj/ehz136
https://doi.org/10.3109/09537109609023582
https://doi.org/10.1016/s0049-3848(03)00178-6
https://doi.org/10.1016/s0049-3848(03)00178-6
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1016/0891-5849(95)02043-8
https://doi.org/10.1016/0003-2697(83)90019-2
https://doi.org/10.1016/0003-9861(59)90090-6
https://doi.org/10.1034/j.1600-0773.2001.d01-92.x
https://doi.org/10.1186/s12884-018-2046-0
https://doi.org/10.1016/S0140-6736(18)31818-X
https://doi.org/10.29328/journal.cjog.1001038
https://doi.org/10.29328/journal.cjog.1001038
https://doi.org/10.1159/000067885
https://doi.org/10.1016/j.placenta.2009.04.011
https://doi.org/10.1016/j.placenta.2009.04.011
https://doi.org/10.1038/s41392-021-00553-z
https://doi.org/10.1152/ajpregu.00612.2005
https://doi.org/10.1016/S0140-6736(18)32161-5
https://doi.org/10.1016/S0140-6736(18)32161-5
https://doi.org/10.1016/j.amjcard.2018.07.002
https://doi.org/10.1007/s12098-017-2560-5
https://doi.org/10.1007/s12098-017-2560-5
https://doi.org/10.4103/JLP.JLP_26_18
https://doi.org/10.3390/nu9080838
https://doi.org/10.3390/nu9080838

	Effects of calcium supplementation on changes in the IL2, IL4, IL6, IL10 axes and oxidative stress in pregnant women at risk for pre-eclampsia
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methodology
	Participants
	Experimental design
	Randon
	Intervention
	Ethics approval
	Outcomes
	Reagents and equipment
	Separation of biological samples
	Protein dosage
	NTPDase and ecto-5’-nucleotidase activity in platelets and lymphocytes
	Activity of ADA in platelets and lymphocytes
	Quantification of the interleukins
	Oxidative stress markers
	Data analysis

	Results
	Signaling of the purinergic ectoenzymes
	Quantification of the interleukins and inflammatory response
	Oxidative stress parameters

	Discussion
	Conclusions
	Acknowledgements
	References


