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Maternal immune activation impairs hippocampal pyramidal neuron excitability in
newborn rat offspring: Implications for neurodevelopmental disorders

Lucia Moravcikova1 , Roman Moravcik1,2 , Kristina Csatlosova1,3 , Lubica Lacinova1 , Daniela Jezova4 , and Eliyahu Dremencov1,4

Maternal infection during pregnancy is associated with an increased risk of neurodevelopmental disorders, including depression,
schizophrenia, and autism spectrum disorder. The hippocampus plays a critical role in these disorders, but the impact of maternal immune
activation (MIA) on early hippocampal neuron function remains poorly understood. We investigated the effects of lipopolysaccharide-induced
MIA in pregnant rats (20–80 μg/kg on gestational days 15–19) on the electrophysiological properties of hippocampal pyramidal neurons from
newborn offspring. Primary neuronal cultures were prepared from the hippocampi of newborn rats and maintained for 13 days in vitro (DIV13).
Whole-cell patch-clamp recordings assessed neuronal excitability parameters between DIV4-13. MIA significantly altered action potential
characteristics in offspring hippocampal neurons, including: (1) increased latency time, threshold potential, and repolarization potential; (2)
decreased peak potential, ascend and descend velocities; and (3) reduced spontaneous and evoked firing frequencies. These alterations
suggest impaired glutamatergic neurotransmission in the hippocampus of MIA offspring, with potential sex-specific effects observed for
spontaneous activity. Our findings demonstrate that MIA significantly decreases the excitability of hippocampal pyramidal neurons in newborn
offspring. This reduced glutamatergic neurotransmission may contribute to the pathophysiology of neurodevelopmental disorders associated
with maternal infection during pregnancy. This study provides novel insights into early neurophysiological changes following prenatal immune
challenge that may inform therapeutic interventions targeting hippocampal function.
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Introduction
The recent COVID-19 pandemic demonstrated that our civilization is more
vulnerable to acute infectious diseases than it was thought before. Since
acute contagious diseases are not avoiding pregnant women, the investi-
gation of long-term consequences of maternal infection on the offspring
is strongly needed. It has been reported that the children of women suf-
fering from an acute infectious disease during pregnancy were found to
have a higher risk of future development of depression (1), schizophre-
nia (2–6), and autism (7). However, knowledge of the mechanisms me-
diating the neurodevelopmental effects of maternal infectious illness is
limited.

An acute infectious illness increases blood concentrations of inflam-
matory and anti-inflammatory cytokines and stress hormones, such as
corticosteroids. These factors can pass the placenta, as well as the blood–
brain barrier, and affect embryonal neurodevelopment. Studies in labo-
ratory animals involving maternal immune activation (MIA) with a bac-
terial (lipopolysaccharide or LPS) (8) or viral (polyinosinic: polycytidylic
acid or Poly I:C) (9) antigens showed that the MIA primarily affected
central serotonergic (5-HT) and dopaminergic pathways, as well as the
hippocampus.

Our previous study showed that the MIA with LPS altered the rates of
the spontaneous firing activity of central 5-HT and dopamine-secreting
neurons in offspring in a sex-dependent way. The former was decreased
in both sexes, and the latter increased in males only (8). Similar effects
on the excitability pattern of dopaminergic neurons were observed after
the MIA with immune activation by Poly I:C (9). Offspring of LPS-treated
dams had also lower 5-HT and dopamine levels in the medial prefrontal
cortex, nucleus accumbens (10), striatum (11), amygdala (12), and hy-
pothalamus (13). The decrease in brain 5-HT and dopamine levels was
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accompanied by a reduced density of 5-HT neurons in the dorsal raphe
nucleus and dopamine neurons in the substantia nigra (13).

With regards to the hippocampus, MIA decreased local 5-HT and
dopamine levels (14), densities of serotonin-1A (5-HT1A) and glucocorti-
coid receptors (10, 15), concentrations of the brain-derived neurotrophic
factor (BDNF), and impaired adult neurogenesis in the hippocampus (16).
To the authors’ best knowledge, the effects of MIA on the excitability of
hippocampal neurons in offspring have not yet been investigated. The
knowledge of the excitability pattern of hippocampal neurons under nor-
mal and maternal stress–induced conditions is, however, important for
understanding the mechanisms of hippocampal neuronal plasticity. The
present study is, therefore, aiming to test the hypothesis that MIA leads
to impaired functioning of hippocampal pyramidal neurons isolated from
the hippocampi of newborn offspring. The novelty of the present study
is that it is the first to assess the effect of the MIA on the excitability of
the individual offspring hippocampal pyramidal neurons very early after
birth.

Results
Prenatal LPS Does Not Alter Vrest
MIA by LPS did not affect Vrest of hippocampal neurons isolated from new-
born offspring, as measured at the DIV4-13 of their cultivation. At DIV10,
however, a statistically significant interaction between sex and prena-
tal LPS treatment was observed (F1,63 = 10.40, p = 0.002). Prenatal LPS
tended to increase Vrest in females and decrease it in males; nevertheless,
the Tukey post-hoc test did not reveal any between-group differences.
At DIV13, statistically significant sex differences in Vrest were observed
(F1,29 = 9.06, p = 0.005); it was higher in females compared to the males,
regardless of prenatal LPS treatment (not shown).
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Figure 1. Effect of MIA on the membrane action potential threshold (B), peak (C), and repolarization (D) values potential of the offspring hippocampal neurons.
∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001, and ∗∗∗∗p < 0.0001 in comparison with controls, Tukey post-hoc test.

Prenatal LPS Increases Vthr and Vrep and Decreases Vpeak
Prenatal LPS had a statistically significant increasing effect on the Vthr as
measured at DIV4 (F1,43 = 23.64, p < 0.0001), DIV10 (F1,63 = 10.83, p =
0.007), and DIV13 (F1,29 = 18.41, p = 0.0002; Figure 1A). Prenatal LPS
had also a statistically significantly decreased Vpeak, as measured at DIV4
(F1,43 = 4.73, p = 0.04) and DIV10 (F1,63 = 29.96, p < 0.0001, Figure 1B)
and increased Vrep, as measured at DIV7 (F1,53 = 7.87, p = 0.007), DIV10
(F1,63 = 4.67, p = 0.03), and DIV13 (F1,29 = 4.44, p = 0.04, Figure 1C). At
DIV4, Vpeak in females was higher compared to the males (F1,43 = 4.94, p =
0.03). At DIV10, the Vpeak difference between control and prenatally LPS-
treated rats was higher in females compared to the males (F1,43 = 4.21,
p = 0.046). No sex differences and no sex × treatment interaction for

these parameters were observed. The values from the individual neurons/
recordings are shown in the figure using the dots.

Prenatal LPS Increases Tlat and Decreases Vmax-ascend and Vmax-descend
Prenatal LPS had a statistically significant increasing effect on the Tlat, as
measured at DIV4 (F1,43 = 234.70, p < 0.0001) and DIV7 (F1,53 = 42.54,
p < 0.0001; Figure 2A). Prenatal LPS statistically significantly suppressed
the Vmax-ascend, as measured at DIV4 (F1,43 = 74.59, p < 0.0001), DIV7
(F1,53 = 47.23, p < 0.0001), DIV10 (F1,63 = 4.98, p = 0.03), and DIV13
(F1,29 = 9.93, p = 0.004; Figure 2B), and Vmax-descend, as measured at
DIV4 (F1,43 = 127.00, p < 0.0001), DIV7 (F1,53 = 46.31, p < 0.0001), and
DIV13 (F1,29 = 6.99, p = 0.01, Figure 2C). At DIV4, Vmax-ascend was higher in
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Figure 2. Effect of the MIA on the latency time (A) and ascend (B) and descend (C) velocities of the APs generated by the offspring hippocampal neurons.
∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001, and ∗∗∗∗p < 0.0001 in comparison with controls, Tukey post-hoc test. The numbers of recordings from individual neurons are
shown on the bars.

females compared to males (F1,43 = 4.11, p = 0.049). No sex differences
in the action potential (AP) threshold potential and latency time and no
sex × treatment interaction for these parameters were observed. The val-
ues from the individual neurons/recordings are shown in the figure using
the dots.

Prenatal LPS Suppressed the Depolarizing Current Pulse–induced and
Spontaneous Activity of Hippocampal Neurons
Prenatal LPS significantly suppressed the number of APs within the
depolarizing current pulse (DCP)-induced AP series, as measured at
DIV10 (F1,63 = 22.06, p < 0.0001) and DIV13 (F1,29 = 15.36, p = 0.005;
Figure 3A). No sex differences and no sex × treatment interactions were
observed, as measured at DIV10-13. The spontaneous activity was sig-

nificantly decreased as well, but only at DIV13 and only in male rats
(Figure 3B). A significant effect of prenatal LPS treatment (F1,19 = 5.60,
p = 0.03) and significant sex × treatment interaction (F1,19 = 6.38, p =
0.02) was detected. The values from the individual neurons/recordings
are shown in the figure using the dots.

Discussion
The results of the present study show that maternal MIA induced sig-
nificant alterations in the waveform of the APs generated by offspring
hippocampal neurons. Thus, the APs generated by hippocampal neurons
isolated from the offspring of LPS-treated dams are characterized by
decreased threshold, peak, and repolarization potentials, decreased AP
ascend and descend speeds, and increased latency time, compared to the
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Figure 3. Effect of the MIA on the evoked (A) and spontaneous (B) activity of the offspring hippocampal neurons. ∗p < 0.05, ∗∗p < 0.01, and ∗∗∗p < 0.001 in
comparison with controls, Tukey post-hoc test. The numbers of recordings from individual neurons are shown on the bars.

APs generated by hippocampal neurons isolated from offspring of control
dams. MIA also led to decreased DCP-induced and spontaneous activity of
hippocampal neurons in offspring. The summary of the effects of prenatal
LPS on the excitability of hippocampal neurons is shown in Table 1.

We found that the MIA did not alter the resting membrane poten-
tial of neurons isolated from the hippocampi of newborn offspring, as

Table 1. Summary of the statistically significant effects of the MIA on
the excitability of glutamate neuron isolates from the offspring
hippocampi

DIV4 DIV7 DIV10 DIV13

Resting potential 0 0 01 02

AP threshold potential ↑ 0 ↑ ↑
AP latency time ↑ ↑ 0 ↑
AP maximum ascend speed ↓2 ↓ ↓ ↓
AP maximum descent speed ↓ ↓ 0 ↓
AP peak potential ↓2 0 ↓1 0
AP repolarization potential 0 ↑ ↑ ↑
Evoked activity 0 0 ↓ ↓
Spontaneous activity n/e 0 0 ↓1

AP, action potential; DIV, day-in-vitro; 0, np effect; ↑, increasing effect;
↓, decreasing effect; n/e, not evaluated; 1, significant interaction between
sex and prenatal LPS treatment; 2, significant sex difference.

measured during the early (DIV3-7) and late (DIV10-13) stages of in vitro
maturation. In our previous study (17), however, we reported that mater-
nal stress led to an enhancement of Vrest of the neurons isolated from
the hippocampi of newborn offspring, as measured at DIV4-10. The dif-
ference between the results of the present and previous studies might be
explained by the nature of the stress situation and the time of its appli-
cation. Our previous study examined the effect of pregestational chronic
unpredictable stress. The present study studied the effect of stress asso-
ciated with MIA during the third trimester of gestation.

It was found that MIA led to the increased threshold potential of
AP generation in the offspring hippocampal neurons. As a result, the
AP latency time was increased, and the number of APs observed dur-
ing the DCP application decreased. Other intrinsic AP characteristics af-
fected by the MIA decreased ascend and descend speeds and increased
repolarization potentials. Therefore, maternal stress likely alters the
voltage-dependent ion channels’ expression and/or activity in the AP
generation. Indeed, stress-induced changes in the expression of certain
voltage-dependent ion channels, such as Kv1 (18) and Kv7 (19) voltage-
dependent potassium channels, were reported. The exact mechanism me-
diating the effect of maternal stress on the expression and/or activity of
the voltage-dependent ion channels in the offspring neurons is not yet
known. However, it is likely to be based on the interactions between ma-
ternal and embryonal stress hormones (e.g., corticosteroids), pro- (e.g.,
interleukins-1 and 12: IL-1/12, tumor necrosis factor-alpha: TNF-α, and
interferon-gamma: IFNγ ) and anti-inflammatory (e.g., interleukins-4,
6 and 10: IL-4/6/10), cytokines, and neurotrophic factors (e.g., brain-
derived neurotrophic factor: BDNF) (20–22).
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Another interesting finding of the present study is that prenatal LPS
decreased the average peak value of the APs generated by hippocampal
neurons isolated from the newborn offspring. This finding is similar to
that of a previous study (23). However, Grigoryan and Segal found that
prenatal stress tended to decrease the Vpeak potential of APs generated
by offspring hippocampal neurons, but the effect was not statistically sig-
nificant. In the present study, the effect of the MIA was significant. These
differences might be explained by the nature of the stressors being ap-
plied: forced swimming and cage declination in Grigoryan and Segal’s
versus MIA in this study.

We found that MIA decreased the depolarization pulse–induced and
spontaneous generation of the APs in the pyramidal neurons isolated
from newborn male hippocampi. The firing activity of the neurons is the
most fundamental characteristic determining the neurotransmitter re-
lease from the nerve terminals (24). It is, therefore, likely that the MIA led
to decreased glutamate neurotransmission in the offspring hippocampi
and perhaps in other brain areas as well.

As explained in our previous studies, the depolarization pulse–induced
firing activity of the cultivated hippocampal neurons results from the di-
rect activation of the voltage-dependent sodium channels. It is, therefore,
primarily dependent on the intrinsic properties of the neurons. The spon-
taneous activity, however, depends on external excitatory synaptic inputs.
It is consequently determined by the whole neuronal network (17, 25).
MIA-induced decrease in the evoked activity of the hippocampal neurons
isolated from the neonatal offspring brain might thus result from the in-
creased AP threshold potential, which may, in turn, be caused by the ab-
normal expression of some voltage-dependent ion, for example, potas-
sium channels (18, 19).

As in our previous studies (17, 25), spontaneous activity of the cul-
tivated hippocampal neurons could be detected during the late stages
of the cultivation (DIV10-13), when interneuronal synaptic connections
are developed. Thus, the MIA-induced changes in the spontaneous activ-
ity of hippocampal neurons may be due to abnormal neuronal network
development. It has been reported that stress may alter the hippocampal
network development, for example, it may reduce the number of synaptic
connections between the neurons via a mechanism involving various neu-
rotrophic factors, such as BDNF (26, 27). Even though the actual networks
were formed in in vitro conditions, which were similar for both groups,
the previous exposure of the neurons or their precursors to the stress
hormone and/or inflammatory cytokines putatively affected their future
ability to create the networks.

Excitatory glutamatergic and inhibitory GABAergic synaptic inputs
mediate the spontaneous activity of cultivated hippocampal neurons
(28). Prenatal stress likely decreased the strength of the excitatory and/or
increased the strength of the inhibitory synaptic inputs of the offspring
hippocampal neurons. It has indeed been reported that prenatal stress
increased the frequency of the miniature inhibitory postsynaptic currents
recorded in the offspring hippocampal neurons (23).

While our present study reported that MIA suppressed the sponta-
neous activity of the offspring hippocampal neurons, a stimulatory effect
of maternal stress exposure on the cultivated neurons isolated from the
offspring hippocampi was observed in our previous experiments (17). As
stated above, the difference between the present and previous studies’
results might be explained by the stressor’s nature and the time of its
application.

Hippocampal glutamate circuits are fundamental in memory consoli-
dation, retrieval, and cognitive performance (29). They also have a criti-
cal role in anxiety and depressive-like behavior (30). Decreased excitabil-
ity of the hippocampal glutamate neurons, observed in this study, may
explain, at least in part, decreased cognitive performance (12) and in-
creased anxiety (31) and depressive-like behavior (16) in the offspring
of the MIA dams reported in previous studies. It is known that children
of women suffering from an infectious disease during pregnancy have a
higher risk of future development of depression (1), schizophrenia (2–6),
and autism (7). The results of the present study suggest that the early
postnatal suppression of the excitability of hippocampal neurons might
underline these epidemiological observations. Early-life therapeutic in-
terventions, stimulating neurotransmission within the hippocampal area,

applied using noninvasive, low-risk techniques such as transcranial mag-
netic stimulation (32), may, therefore, reduce the risk of future-life psy-
chopathologies in the children of women who experienced infectious
disease during the pregnancy. However, the risks and benefits of these
interventions must be very carefully assessed. Animal models can be used
in these assessments; however, the limitation of these models, which re-
sults from the difference between rodents and human brains, must be
considered. Speaking specifically about the LPS-based model of the MIA,
its major limitation is the fact that it primarily models bacterial infec-
tion. At the same time, from the epidemiological point of view, higher risk
might be expected from viral infections.

In conclusion, our study’s results, together with the results of previous
studies from our (17) and other (23) groups, indicate that maternal stress
induces significant alterations in the excitability pattern of the offspring
hippocampal neurons. The nature of the maternal stress–induced alter-
ations depends on the type of stressors applied (e.g., physical stressors
versus immune activation) and the time of the application (e.g., preges-
tational versus prenatal). Interactions between maternal and embry-
onal stress hormones, cytokines, neurotrophic factors, embryonal ligand-
(glutamate and GABA), and voltage-dependent ion channels might un-
derline the nature of the maternal stress–induced alterations of the ex-
citability of the offspring hippocampal neuronal circuits.

Materials and Methods
Animals
Adult female (200–250 g) and male (250–300 g) Wistar rats were or-
dered from the Animal Breeding facility of the Institute of Experimen-
tal Pharmacology and Toxicology, Centre for Experimental Medicine, Slo-
vak Academy of Sciences (Dobra Voda, Slovakia). Animals were housed
under standard laboratory conditions (temperature: 22 ± 2°C, humidity:
55% ± 10%) with a 12-h light/12-h dark cycle (lights on at 7 a.m.). Pel-
leted food and tap water were available ad libitum. All experimental pro-
cedures were approved by the Animal Health and Animal Welfare Divi-
sion of the State Veterinary and Food Administration of the Slovak Re-
public (Permit number Ro 3592/15-221) and complied with the Directive
2010/63/EU of the European Parliament and of the Council on the Protec-
tion of Animals Used for Scientific Purposes.

MIA
After an acclimatization period of 1 week, the animals were placed in
cages with one male and three females in each. Vaginal smears were taken
daily between 7 and 8 a.m. and examined under light microscope. The day
sperm cells were detected was considered as day 0 of gestation. During
days 15–19 of the gestation, LPS-treated dams were once per day sub-
cutaneously injected with LPS at increasing doses of 20, 20, 40, 40, and
80 μg/kg, as described previously (8, 12). The third trimester of gestation
was chosen for the LPS administration because it is a critical developmen-
tal period for specific central nervous system (CNS) structures (33). Con-
trol dams were injected with saline. On day 20 of gestation, dams were
placed in individual cages. The birth usually occurs on day 21 of gesta-
tion.

Primary Culture of Hippocampal Neurons
As previously described, hippocampal neurons were isolated from new-
born Wistar rats of both sexes at the first postnatal day (25, 34). Hip-
pocampi were removed and transferred to ice-cold isolation solution con-
taining (in mM): 137 NaCl; 5.4 KCl; 1.1 Na2HPO4 × 2H2O; 1.1 KH2PO4; 6.1
Glucose and 1 Kynurenic acid; pH 7.3 with NaOH. Tissue was chopped and
incubated in a predigestion solution (Leibovitz L-15 Medium; 25 U/mL
Papain; 2 mM Kynurenic acid) for 25 to 30 min at 37°C in an atmosphere
containing 5% CO2. Digested tissue was washed with cold STOP solution
(isolation solution mixed with a heat-inactivated fetal bovine serum in
a ratio of 3:1). Finally, hippocampi were transferred into incubation me-
dia containing high glucose (4.5 g/L) Dulbecco’s Modified Eagle’s (DMEM)
Medium supplemented with 10% heat-inactivated fetal bovine serum, an-
tibiotics (75,000 IU/L penicillin and 75 mg/L streptomycin), 2 mM MgCl2,
10 nM progesterone, 100 μM putrescine, and 12.5 mg/mL ITSS (25 mg
insulin, 25 mg transferrin, and 25 μg Na-selenite). In incubation me-
dia, hippocampi were consecutively triturated with three glass Pasteur
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Figure 4. Identification of glutamate pyramidal neurons in primary cultures
prepared from neonatal rat hippocampi and their evoked and spontaneous
activity. (A) Characteristic morphology of pyramidal (∗) and nonpyramidal
(#) neurons. (B) Sodium (Na+), calcium (Ca2+), and potassium (K+) currents,
characteristic for hippocampal pyramidal neurons, recorded immediately after
the opening of the neurons, under the whole-cell voltage-clamp using voltage
ramp from −80 to +80 mV with a speed of 1.6 mV/1 ms and holding potential
of −70 mV. (C) Single AP generated by a DCP of 30 pA in DIV7 cultivated neu-
rons. (D) AP series generated by a DCP of −10 pA in DIV10 cultivated neuron.
(E) Spontaneous AP generated by a neuron in DIV13 culture.

pipettes with decreasing diameters. From the final single-cell suspension,
hippocampal neurons were seeded at a density of 5 × 104 cells/cm2 on
35 mm plastic Petri dishes containing glass coverslips (Sarstedt, Slovakia)
coated with poly-D-lysine (50 μg/1 mL/1 cm2) in incubation media con-
taining penicillin/streptomycin. After 24 h, the medium was exchanged
for an antibiotics-free medium. At days 4 to 5 in vitro (DIV4-5) Cytosine
β-D-arabinofuranoside (1 μM) was added to reduce the proliferation of
nonneuronal cells. Neurons were incubated in a humidified incubator in
an atmosphere containing 5% CO2 at 37°C up to DIV14. Unless mentioned
otherwise, all chemicals were purchased from Sigma Aldrich, Slovakia.

Electrophysiological Recordings
Recordings were done in the whole-cell patch-clamp configuration at
room temperature using a HEKA EPC10 amplifier (HEKA Electronics, Lam-
brecht, Germany). Patch pipettes with resistance ranging from 4 to 5 MΩ

were fabricated from borosilicate glass capillaries (Sutter Instruments,
Novato, CA). Pyramidal neurons were identified by their characteristic
physical appearance (triangular soma; Figure 4A) and the presence of
potassium (IK), sodium (INa), and calcium (ICa) currents, measured immedi-
ately after the opening of the cell (Figure 4B). As previously described, AP
firing was measured under the current clamp conditions (25, 34). The in-
tracellular solution contained (in mM): 120 K-gluconate; 20 KCl; 2 MgCl2;
2 Na2ATP; 0.25 Na2GTP; 10 HEPES; pH 7.3 (with KOH). The osmolarity of an

intracellular solution was approximately 290–300 mOsmol/L in all cases
(measured by Osmomat 030-Gonotec, Germany). The osmolarity of an ex-
tracellular solution was set to a value of 2–3 mOsm/L lower than the os-
molarity of the corresponding intracellular solution. DCP can activate a
single AP (Figure 4C) or AP series (Figure 4D) in cultured hippocampal
neurons after DIV4-5. We have used this protocol on the days DIV8-9,
when the expression of voltage-dependent INa, IK, and ICa is developed.
In these experiments, resting membrane potential was maintained at
−70 mV. Evoked AP series were activated by a series of six 300-ms-
long DCPs with amplitudes increasing with a step of +50 pA. Longer
maturation was necessary for the development of spontaneous activity.
After DIV10-12, hippocampal neurons in a primary culture become spon-
taneously active (Figure 4E). The experiments were done on DIV13-14
when about 80% of all tested cells were spontaneously active. Sponta-
neous activity was recorded for 5 min at an intrinsic membrane potential
of each cell. The mean membrane potential corrected for a liquid junction
potential was −65.2 ± 0.4 mV.

Data and Statistical Analysis
The following characteristics of the AP waveform and neuronal excitabil-
ity were analyzed: membrane resting potential (Vrest), AP latency time
(tlat) and threshold (Vthr), peak (Vpeak), and repolarization (Vrep) poten-
tials, and maximal ascend (Vmax-ascend) and descent (Vmax-descend) veloci-
ties. Vthr was detected as an electrical potential value at the time point
where its second derivation by time reaches the local maximum. The tlat
was measured as the time between the start of the DCP and the detection
of Vthr, as described previously. Vmax-ascend and descent Vmax-descend were
detected as the local minimum and maximum of the derivative of mem-
brane electrical potential by time, respectively, as described previously
(35). The effects of sex, prenatal LPS treatment, and sex × treatment in-
teraction differences for each parameter were assessed using the two-
way analysis of variance (ANOVA), followed by the Tukey post-hoc test.
Before the analysis by ANOVA, data normality and homoscedasticity were
verified using Shapiro–Wilk’s and Levene’s tests, respectively. The proba-
bility of p < 0.05 was considered as significant.

Data Availability Statement
The original research data are available upon request.
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