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Objective: To assess the histoarchitecture of the maternal liver and kidney as influenced
by selenium supplementation within the periconception period and to determine which of
the periconception stages of selenium intake is most favorable of the liver and kidney.
Methods: Thirty-six 7-week-old female mice were divided into four groups where all
groups were given 6.0 g of food pellets per day. Un-supplemented group (U) received no
selenium in the food pellet, Pre-gestation supplemented group (P) was given 3.0 pg
selenium/d for 21 d, Pre-gestation to Gestation supplemented group (PG) was given
3.0 pg selenium/d for 37 d, and Gestation supplemented group (G) was given 3.0 ug
selenium/d for 16 d only.

Results: The occurrences of vacuolated hepatocytes and congested central veins in the
liver were observed. The P and the G groups incurred the lowest and highest percent
occurrence, respectively, of murine mothers that exhibited presence of vacuolated he-
patocytes. The mean percent occurrence of congested central veins did not significantly
vary among groups. The occurrences of shrunken and swollen glomeruli were observed
in the kidney. The mean percent occurrence of shrunken glomeruli showed that P and G
groups were significantly lower than those of U and PG groups. The mean percent oc-
currences of swollen glomeruli did not vary significantly among groups.

Conclusion: The histological analyses of the liver and the kidney obtained from different
stages of periconception indicate that selenium supplementation would be best during
pregestation stage.

1. Introduction

like pre-eclampsia, preterm labor and gestational diabetes [8].
Maternal micronutrient demand also increases. Its deficiency

Pregnancy causes physiological changes in the mother's is associated with maternal complications like anemia,

body to accommodate both maternal and fetal needs. Maternal
metabolic processes and renal function change throughout
pregnancy [1-3]. The high metabolic demand increases the
production of reactive oxygen species [4]. Reactive oxygen
species (ROS) are formed as a normal product of cellular
metabolism like the oxidation of lipids that could cause
damage and would lead to an increase in oxidative stress [5-71.
Oxidative stress during pregnancy may cause complications
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hypertension, and even death [9.10].

The change in the maternal mortality rate (MMR) of the
Philippines is relatively low despite the observed decline from
1993 to 1998 until 2006 with 209, 172, and 162 deaths per
100 000 live births, respectively. As of 2015, one of the Mil-
lennium Development Goals is to achieve a maternal mortality
rate of 52 deaths per 100000 live births [11]. However, this
seems to be unattainable because of the insufficient access of
Filipino women to health care services. Thus, this study may
augment means of improving maternal health via
micronutrient supplementation.

Selenium, an essential micronutrient trace element, is
involved in different biological processes like the regulation of
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thyroid hormone metabolism, enzymatic antioxidant defenses,
and immune system functionality [12]. It is present in
selenoproteins like glutathione peroxidase (GPx), thioredoxin
reductase (TrxR), and iodothyronine deiodinase (DIO) that
serve as enzymes [13]. Selenium is present in both organic
[selenocysteine (SeCys) and selenomethionine (SeMet)] and
inorganic forms [selenium element (Se), selenite (SeO(OH);)
and selenate (SeO,(OH),)] [14]. The organic forms, especially
SeMet which is present in selenium-yeast, were found to be
more effective in antioxidant function, absorption, and retention
in tissues than the inorganic forms. SeMet has other advantages
over the other forms wherein it can be incorporated into proteins
and it can be easily excreted from the body. Thus, SeMet is a
good form of supplementation [15-17].

Selenium deficiency is correlated with some diseases and
disorders like Keshan disease, Kashin-Beck disease, cancer,
cardiovascular, immune disorders, and infertility [15]. On the
other hand, over-supplementation, accidental ingestion of high
doses, or high levels in food can cause selenium toxicity [18].
Several studies reported that selenium is important for normal
reproductive function and for the prevention of compromised
pregnancies as it reduces the risk of miscarriage, preeclampsia,
gestational diabetes, pregnancy-induced hypertension, and pre-
mature rupture of membranes (PROM) [19.20]. Amidst these
reported beneficial effects of
reproductive health, there is a recent recommendation [21] to
determine the best timing of selenium supplementation that is
best supportive of embryonic development and implantation.
Hence, this study was designed to investigate a possible
influence of selenium on maternal health when administered
within periconception period. The results of this study may
provide evidence on the best possible stage of periconception
period for supplementation  that
compromise the maternal hepato-renal histoarchitecture and
function.

selenium on the female

selenium would not

2. Materials and methods
2.1. Test animals

Thirty-six ICR female mice, 8-week of age and eighteen ICR
male mice, 15-week of age were obtained from the Marine
Science Institute—Natural Products Laboratory, University of the
Philippines (Diliman). All mice were maintained and kept inside
the Animal House of De La Salle University (Manila) at room
temperature, in a 12-h light—dark cycle. Each mouse in the un-
supplemented group (U) and the three supplemented groups
which are the Pregestation supplementation only (P), Pre-
gestation to Gestation supplementation (PG), and Gestation
supplementation only (G) were given with the basal diet of 6 g
of food pellets per day and filtered drinking water ad libitum. A
basal diet of 6.0 g per day for a mouse weighing 10-25 g was
based on previous study [22].

The proper handling of the test animals was based on the
Rules and Regulations on the Conduct of Scientific Procedures
Using Animals by the Department of Agriculture, Philippines.

2.2. Selenium micronutrient

The selenium tablets were purchased from General Nutrition
Center (GNC Philippines). A tablet contains 200 g selenium

yeast and 35 mg calcium. The other components include cellu-
lose and dicalcium phosphate. The tablet does not have pre-
servatives, sodium, wheat, gluten, soy, sugar, nor artificial
flavors.

2.3. Supplementation regimen

The selenium supplement was prepared by dissolving a
200 pg tablet in 10.0 mL filtered water. A 0.15 mL of the so-
lution would contain 3.0 pg of selenium. The 3.0 pg is the
dosage that was proven to provide protection against oxidative
stress and damage in rat [23]. The 0.15 mL solution was coated in
the 2.0 g of food pellets for initial consumption. The remaining
4.0 g of the daily basal food requirement were given after
complete consumption of the 2.0 g initial food supply. The U
group was given with 6.0 g of food pellets without selenium
supplement. Each mouse in the supplemented groups was
given with 6.0 g of food pellets with selenium supplement of
3.0 pg selenium/d for 21 d (P group); for 37 d (PG group);
for 16 d (G group).

2.4. Mating

On the 22nd day of the experimental period, one male mouse
and two female mice were joined together in a cage at 1800 h.
The presence of vaginal copulatory plugs, which indicate a
successful mating, was checked the following day at 0700-
0800 H. The plug-positive females were considered to be
pregnant with embryos aged at 0.5 d post coitus (dpc).

2.5. Isolation of maternal liver and kidney and
histological slide preparation

All female mice were sacrificed via cervical dislocation at
ED16 (embryonic day 16). The liver and kidney were isolated
and fixed in 10% buftered formalin. The fixed tissues were pro-
cessed by the Histopathology Laboratory of Philippine Kidney
Dialysis Foundation in Quezon City, Philippines using the stan-
dard histological procedures of Hematoxylin and Eosin staining.

2.6. Histological analyses of maternal liver and kidney

The tissue samples were examined and documented at 400x
using an Olympus light microscope. The % occurrence of mu-
rine mothers that exhibited vacuolated hepatocytes, and the
mean % occurrence of congested central veins were determined.
The mean % occurrences of swollen and shrunken glomeruli
were determined. For both the maternal liver and kidney, tissue
samples from each murine mother were assessed.

% occurrence of murine mothers with vacuolated
hepatocytes = Mothers with vacuolated hepatocytes/Total num-
ber of murine mothers x 100%.

Mean % occurrence of congested central veins = Mean number
of congested central veins/Total number of central veins x 100%.

Mean % occurrence of shrunken glomeruli = Mean number of
shrunken glomeruli/Total number of glomeruli x 100%.

Mean % occurrence of swollen glomeruli = Mean number of
swollen glomeruli/Total number of glomeruli x 100%.
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2.7. Statistical analysis

The data on mean % occurrence of congested central veins
and shrunken and swollen glomeruli were subjected to Kruskal—
Wallis test and Mann—Whitney test using the Statistical Package
for the Social Sciences (SPSS) Version 22 to determine the
significant differences among all groups. The level of signifi-
cance in all cases was P < 0.05.

3. Results
3.1. Histological analysis of maternal liver

The liver tissue samples of the murine mothers of all groups
exhibited both normal and abnormal histology. A normal his-
toarchitecture is characterized by the parenchematous arrange-
ment of hepatocytes forming hepatic plates that are radiating
from the central vein. The hepatocytes appear intact with their
distinct polygonal shape, centrally located nuclei and granular
cytoplasm (Figure 1). The abnormal histological features that
were observed were the occurrences of vacuolated hepatocytes
and dilated sinusoids. It was observed that most of the nuclei
were moved to its periphery. Occurrences of congested central
veins were also noticed (Figure 2). The mean percent occurrence
of congested hepatic central veins of the U group, P group, PG
group, and G group was 6%, 4%, 7%, and 9%, respectively, and
no significant difference was found between them. In terms of %
occurrence of murine mothers exhibiting vacuolated hepato-
cytes, the P group had the lowest among the supplemented
groups (55%). The G group had the highest % occurrence (88%)
while the PG group had a % occurrence similar with that of U
group (both 77%). In terms of mean % occurrence of congested
central veins, all groups were not significantly different from
each other.

Figure 1. Histology of the liver of all groups: the un-supplemented group
(U), pre-gestation group (P), pre-gestation to gestation group (PG), and
gestation group (G) exhibiting normal histoarchitecture without vacuola-
tions and intact array of hepatic plates (400x). CV (Central vein); HP
(Hepatic plates).

S H 2 "-(‘ - B . “ARrial . ‘, o
Figure 2. Histology of the liver of all groups: the un-supplemented group
(U), pre-gestation group (P), pre-gestation to gestation group (PG), and
gestation group (G) showing hepatic vacuolations and dilated sinusoids
(400x). CV (Central vein); Arrows (Hepatic vacuolations).

3.2. Histological analysis of maternal kidney

The kidney tissue samples of the murine mothers from all
groups exhibited both normal and abnormal histological char-
acteristics. Normal histoarchitecture is characterized by the
presence of intact glomeruli and unobliterated Bowman's space
(Figure 3). The observed abnormal histological characteristics
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Figure 3. Histology of the kidney of all groups: the un-supplemented
group (U), pre-gestation group (P), pre-gestation to gestation group (PG),
and gestation group (G) exhibiting intact glomeruli and unobliterated
Bowman's space (400x). G (Glomerulus); * (Bowman's space).
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were the occurrences of shrunken and swollen glomeruli
(Figures 4 And 5). In terms of mean percent occurrence of
shrunken glomeruli, groups P and G were significantly lower
than U group (both 1% vs 12%, P < 0.05). Among the three

Figure 4. Histology of the kidney of all groups: the un-supplemented group
(U), pre-gestation group (P), pre-gestation to gestation group (PG), and gesta-
tion group (G) exhibiting shrunken glomeruli as made evident by enlarged
Bowman's space relative to the intact glomeruli (400x). G (Glomerulus);
* (Bowman's space); Arrows (Shrunken glomeruli).
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Figure 5. Histology of the kidney of all groups: the un-supplemented group
(U), pre-gestation group (P), pre-gestation to gestation group (PG), and
gestation group (G) exhibits swollen glomeruli as made evident by obliterated
Bowman's space relative to the intact glomeruli (400x). G (Glomerulus);
* (Bowman's space); Arrows (Swollen glomeruli).

groups with supplementation, groups P and G were significantly
lower than PG group (both 1% vs 9%, P < 0.05). In terms of
mean percent occurrence of swollen glomeruli, all groups were
not significantly different from each other. The mean percent
occurrence of swollen glomeruli of the U, P, PG, and G groups
was 21%, 16%, 25%, and 31%, respectively.

4. Discussion

The histological response of P supplemented group may
indicate the antioxidant protection of SeMet to the murine
mothers. SeMet is converted to selenoproteins in which gluta-
thione peroxidases (GPx) is one of its families [13.17].
Glutathione peroxidases are enzymes involved in cellular
antioxidant activities by detoxifying and decomposing reactive
oxygen species (ROS) [6.10.24]. Lipid hydroxyperoxides, a type
of reactive oxygen species (ROS), are products of lipid
oxidation which is an uncontrolled process in the body
wherein oxygen radicals targets unsaturated lipids like
triglycerides and fatty acids [6.25.26]. The liver normally
increases its lipid production during pregnancy [27-291. This
would then cause a high lipid accumulation in the hepatocytes
which is a characteristic of hepatic vacuolations. Hepatic
vacuolation is an indication of impairment in triglyceride
secretion which causes blockage and an indication of decrease
in carrier lipoprotein synthesis [30.31]. Very low density
lipoprotein (VLDL) serves as the carrier lipoprotein of
triglyceride in the liver for its secretion and is synthesized by
the assembly of triglycerides, microsomal triglyceride transfer
protein (MTP) and apolipoprotein B (apo B) [32]. These VLDL
components may be damaged by lipid hydroperoxides as it
interacts with lipids and proteins. Glutathione peroxidases are
considered as the major biological defense against lipid
hydroperoxides [26]. This mechanism may not only protect the
hepatocytes from oxidative stress but also it may improve
triglyceride secretion by the liver thus decreasing the
occurrence of hepatic vacuolations.

The highest percent occurrence of hepatic vacuolations in G
group may be due to a shorter duration of selenium supple-
mentation which lasted for only 16 d (gestation period) as
compared with that of the other treatment groups: P group lasted
for 21 d (pre-gestation period) while PG group lasted for 37 d
(pre-gestation to gestation period). Thus, the supplementation
during the gestation period only may not be sufficient for the
antioxidant action of the SeMet to function optimally consid-
ering that during the gestation stage, there is a high lipid pro-
duction. Due to the high lipid production, SeMet becomes
insufficient to balance the excessive level of reactive oxygen
species in the form of lipid hydroperoxides.

The percent occurrence incurred in PG group which is similar
with that of U group may indicate that long term selenium
supplementation may have preparatory protection for the high
lipid production during the gestation period. Therefore, among
the treatment groups, PG group had an intermediate value of %
occurrence of murine mothers that exhibited vacuolated hepa-
tocytes which was higher than P group but lower than G group.
Thus, this % occurrence is comparable with that of U group
which can be interpreted as the possible percentage of murine
pregnant mothers that exhibit hepatic vacuolations in the
absence of selenium supplementation and/or other micronutrient
supplement. Congested central veins are associated with a
change in the presence or amount of fatty acids [33]. As
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previously stated, SeMet, as an antioxidant, may have improved
triglyceride secretion by allowing normal assembly of very low
density lipoproteins (VLDL) which serve as the carrier
lipoprotein of triglyceride in the liver [32]. Thus, an efficient
triglyceride secretion may have decreased the occurrence of
congested central veins. The observed occurrence of congested
central veins amongst all the treated groups that were not
significantly different from the un-supplemented group may
further support this assumption.

The significant difference of the mean percent occurrence of
shrunken glomeruli in P and G groups as compared with that of U
group may indicate an efficient excretion of trimethylselenonium
ion (TMSe), the urinary metabolite of SeMet. Trimethylseleno-
nium ion (TMSe) may cause toxicity but it is considered less
toxic than the other forms of metabolites [34]. PG group, which
exhibited the highest mean percent occurrence of shrunken
glomeruli, had the longest period of selenium supplementation
among all the three supplemented groups. Hence, the period of
supplementation appears to have influenced the significant
differences in the occurrence of shrunken glomeruli among the
three treatment groups. Shrunken glomerulus is caused by a
broken attachment of the capsular basement membrane to the
tubular basement membrane which is considered as ‘“‘atubular
glomeruli” and non-functional [35.36]. Atubular glomeruli are
associated with toxic nephropathy which suggests that the
glomerulotubular junction becomes susceptible to toxic injury
[37]. During pregnancy, the renal function is altered wherein the
effective renal plasma flow (ERPF) is decreased, especially
during the late stage [2]. The effective renal plasma flow is
measured by the clearance of a substance which is defined as
the volume of plasma from which that substance is completely
removed by the kidney per unit time [38]. In this study, the
supplementation during gestation, which was up to the 16th
day that was considered as the late stage of pregnancy, could
then decreases the excretion of trimethylselenonium ion
(TMSe). However, the short duration of supplementation (16 d)
may have caused a less toxic effect that led to lower occurrence
of shrunken glomeruli as compared with pregestation-to-
gestation (37 d) that incurred significantly higher occurrence of
damaged glomeruli. Over-supplementation may cause selenium
toxicity [18].

Swollen glomeruli are caused by colloid accumulation which
leads to glomerular damage or injury [39]. A colloid is a
substance with a high molecular weight that
intravascularly [40]. Organic molecules forms colloids caused
by their large size [41]. Trimethylselenonium ion, the urinary
metabolite of SeMet, is considered an organic selenium
compound hence the supplementation may have caused
colloidal accumulation in the glomeruli [42.43]. The observed
occurrences of swollen glomeruli amongst all the treated
groups which were not significantly different from that of the
un-supplemented group may indicate that this alteration maybe
attributed to some factors other than selenium supplement. It
could also be interpreted as a normal histological occurrence for
homeostasis.

Based on the histological analyses of the maternal liver and
the kidney, it appears that selenium supplementation was most
favorable when given during the pregestation stage.
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