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Supplementation with folic acid (FA) during gestation has been recommended by medical
society all over the world, but some studies have shown that intake of high folic acid diet
may unleash damages to the descendants. Objectives: Describing the effects of maternal
supplementation with FA during gestation on offspring’s kidney at late life stages. Data
Source: It is a systematic review by which were consulted the following databases: Medline,
through Pubmed, Lilacs, and SciELO. The research was performed using the keywords “Folic
acid”, “Gestation” and “Kidney”. Study Selection: Eight studies were regarded for this
systematic review. Data Collection: Only studies that evaluated folic acid consumption
during gestation and its effects exclusively on descendants’ kidney at several phases of life
were regarded. Results: Gestational FA intake did not change the renal volume, glomerular
filtration rate and the expression of some essential genes in the kidney of puppies whose
dams were supplemented with FA. Maternal consumption of double FA plus selenium diet
was effective in preserving antioxidant enzymes activity in the kidney of descendants from
mothers exposed to alcohol. FA supplementation decreased some gross anomalies in the
puppies caused by teratogenic drug despite of had not been effective in preventing some
renal architectural damages. Conclusion: FA supplementation did not cause renal toxicity; it
exerted an antioxidant protective effect and mitigated some renal disorders caused by
severe aggressions.

A suplementagdo com acido félico (AF) durante a gestagdo tem sido recomendada pela
sociedade médica em todo o mundo, mas alguns estudos tém mostrado que a ingestao
de altas quantidades de acido félico na dieta pode desencadear danos aos descen-
dentes. Objetivos: Descrever os efeitos da suplementacao materna com AF durante a
gestacdo no rim da prole em fases tardias da vida. Fonte de Dados: Trata-se de uma
revisdo sistematica realizada através da consulta das sequintes bases de dados:
Medline, através da Plataforma Pubmed, Lilacs e Scielo. A pesquisa foi realizada
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utilizando-se as palavras-chave “Acido Félico”, “Gestacio” e “Rim”. Selecio dos
Estudos: Oito estudos foram considerados para esta revisdao sistematica. Coleta de
Dados: Foram incluidos estudos que abordaram o consumo de acido félico durante a
gestacao e seus efeitos exclusivamente no rim dos descendentes em diferentes fases da
vida. Resultados: O consumo gestacional de AF ndo alterou o volume renal, a taxa de
filtracdo glomerular e a expressao de alguns genes essenciais no rim dos filhotes de
maes suplementadas com AF. A associacao de AF e selénio na dieta materna foi eficaz
na preservacao da atividade de enzimas antioxidantes no rim da prole de m3es expostas
ao alcool. O consumo de AF diminuiu algumas anomalias importantes nos filhotes
causadas por drogas teratogénicas, apesar de ndo ter sido eficiente na prevencao de
alguns danos a arquitetura renal. Conclusdo: A suplementacdo com AF ndo causou
toxicicdade renal, exerceu efeito protetor antioxidante e mitigou algumas desordens

renais causadas por agressoes severas.

Introduction

Folic Acid Characterization

Folic acid (AF) is a water-soluble B (B9) vitamin, poorly stored
in the body. The term “folic” comes from the Latin folium, leaf,
due to its presence in leafy green vegetables such as spinach,
cabbage, and broccoli besides viscera such as liver and
kidney, milk, and egg. It is found in more than 90% as
polyglutamates, which must be converted into monogluta-
mate before being absorbed.! FA is synthesized by micro-
organisms and higher plants, but not by mammals for which
it is an essential nutrient needing to be ingested through
food.>3 It can be also found in monoglutamate as a drug
supplement, being quickly absorbed.* It has a pivotal role in
purine and pyrimidine biosynthesis and consequently, in
DNA and RNA formation.’ It is also essential to specific
metabolic reactions in the cell environment besides the
growth and functioning of the organism.! FA works as
coenzymes in the transport of simple carbon fragments
and in the metabolism of amino acids.®

Absorption and Transport of Folic Acid

Polyglutamates of folates obtained from the diet are hydro-
lyzed into monoglutamate in the small intestine and
absorbed by the intestinal mucosa. The enzyme named
gamma-glutamyl hydrolase (y-GH or glutamate carboxypep-
tidase II) is responsible for the hydrolysis of folylpolygluta-
mate and it is present on the villi of the small intestine
epithelial cells characterized by brush shape. After hydroly-
sis, folate crosses basolateral membrane of intestinal mucosa
cells, which contain their specific transporters, being re-
leased into the portal circulation.” FA is absorbed mainly in
jejunum by passive transport, following a concentration
gradient and by active transport when folate binds to re-
duced folate transporter 1 and 2 (RFT-1 and RFT-2) and folate
binding protein (FBP). It can also be absorbed in the ileum
just by passive transport. Folate is absorbed in a neutral pH
environment (pH 7,4), with such a process being facilitated
by the neutralization of gastric content by the alkaline
pancreatic juice. The main form of circulating endogenous

folate is 5-methyltetrahydrofolate, which is transported
through plasm by low-affinity bindings with specific pro-
teins, such as albumin and a soluble form of folate receptors
(FR).2 However, its concentrations are higher inred cells than
in plasm due to its binding to hemoglobin.® Liver is able to
absorb much of the folate from the portal circulation. The
hepatic cells metabolize it into polyglutamate derivatives,
retaining or releasing it in the blood or bile.'®!" The folate
excretion occurs mainly through bile in an approximate
concentration of 100ug daily,'®'? but it is reabsorbed in
the small intestine. FA is filtered in the renal glomerulus and
reabsorbed in the proximal contorted tubule. No FA is found
in the urine, only its cleavage products.13

Gestation and Folic Acid

FA or B9 vitamin is spontaneously ingested in proper
amounts by food in balanced diets. However, its deficiency
becomes greater in women of childbearing age who intend to
become pregnant, a period in which it is common to pre-
scribe a drug supplement.'# "> During gestation, the amount
of FA ingested is insufficient to supply the daily needs that
are increased in the pregnant.'® Such vitamin has a funda-
mental role on cell proliferation, interfering in erythrocyte
increasing, uterus enlargement, and development of both
placenta and fetus,'” becoming indispensable during preg-
nancy. According to Rangel-Rivera and Osma-Zambrano,'®
FA is essential for suitable formation and maintenance of
several structures of the central nervous system, reducing
the risk of severe language and attention disorders, schizo-
phrenia, pre-eclampsia, low birth weight and premature
birth. Meroanencephaly and spina bifida are the most com-
mon severe congenital malformations and both stem from
defects of neural tube closure, can be prevented by FA intake
in early gestation and immediately before such period.'”
Both periconceptional supplementation and during the first
trimester of pregnancy has reduced the risk of recurrence of
such defects in about 50 to 70%.%° Due to this fact, the
supplementation of pregnant with such nutrient has been
recommended by medical societies all over the world both to
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prevent the first occurrence and the recurrence of those
defects.?’ In China, for example, there was a significant
decline in the number of congenital hydrocephalus cases
after 2009, when it was applied a massive program of FA
supplementation during gestation.22 In Bangladesh also its
prenatal intake decreased significantly the probability of
myelomeningocele occurrence.?3 In Brazil, in 2002 the Min-
istry of Health regarded the folic acid as an essential medi-
cine during prenatal care, recommending 400 g (0,4mg) as
daily dose 30 days before conception until the first trimester
of gestation as a way of to prevent the occurrence of neural
tube defects and maternal anemia.® This institution also
recommends a dose of 5mg per day of FA for women who
have congenital malformations history.'* Nowadays, some
studies have evaluated the impact of FA maternal intake
besides those related to nervous system disorder prevention.
Previously our group reported by systematic review that
such supplementation during gestation exerted protective
effects on liver of offspring in adulthood,?* avoiding delete-
rious epigenetic changes and improving the cell defenses,
especially in hostile maternal conditions, such as, alcohol
exposition and deprivation of protein. Several studies agree
about the importance of FA intake during gestation as a way
of to prevent congenital malformations, but, some of them
have questioned what would be the ideal doses and proposed
that the ingestion of high quantities could trigger of some
damages to descendants. Recent researches suggest that
selective excessive intake of a type of vitamin can change
negatively the metabolic activities and it is also applied to
this supplementation.”®> Morakinyo et al.?® for instance,
demonstrated that high doses of FA during pregnancy or
lactation decreased insulin sensitivity and adiponectin ex-
pression in offspring, predisposing to dyslipidemia and
changes in glucose metabolism. Barua et al.>’ also report
that FA high doses changes genomic function and affect the
offspring’s behaviour in mice. Leeming and Lucock®® ponder
that clinical and experimental studies are based on the fact
such vitamin can prevent some malformations, but they do
not consider the long-term effects, which can be deleterious.
These authors suggest that high-dose supplementation can
predispose to autism disorder and be associated to the
increase in the number of children with such pathology.
Other works corroborate it by reporting that ingestion
throughout pregnancy may be associated with negative
results in the development of the offspring’s nervous
system.2%-30

Fetal Programming

Gestation is featured by physical and psychological changes,
as result of body adaptations,’’ becoming the nutritional
needs increased during such period.'® Maternal nutritional
state is pivotal to determine both metabolic and hormonal
profile of descendants and stablish conditions which can
remain throughout life. Waterland e Garza®? defined this
relationship as fetal programming, expression which asso-
ciates nutritional changes in early life to diseases in adult-
hood, such as diabetes, obesity and arterial hypertension.
Maternal nutrition is the main factor to determine intrauter-
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ine environment, due to its potential to change the expres-
sion of fetal genome and lead to development adaptations.
Thus, the suitable nutrition may reduce the risks of develop-
ing chronic diseases in late life.>> Several experimental
models have been set up in order to evaluate the impact of
maternal feeding on offspring development. Protein restric-
tion, for example, is a widely used one and has been harmful
to descendants inducing decrease in the number of nephrons
in both adult male>* and female rats>> when it occurs during
entire gestation. Exposure to prenatal undernutrition in
human beings is also associated with premature brain aging
in young adults.3® In rats the protein shortage during gesta-
tion and lactation triggered some changes in male and
female offspring’s behaviour in a period equivalent to ado-
lescence. According to the authors, both stereotyped behav-
iour and decreased social interaction observed can be
associated with autism spectrum disorder.’” Inappropriate
amounts of micronutrients in the maternal diet can also
cause some disorders in kidney development, such as both
reduction in offspring’s number of nephrons whose dams
were submitted to vitamin A deprivatio®® and renal glomer-
uli in descendants from dams that received iron deficient
diet.3° Regarding FA, some works have demonstrated that its
deficiency during pregnancy changes cell division, which is
more meaning in tissues with a high proliferation rate.*? Cell
multiplications, as well as rapid growth, which are central
aspects of fetal development require a suitable folate supply.
Meher et al.*' found reduction of liver absolute weight in
offspring from dams fed on low quantities of it during
gestation and lactation, besides changed hepatic transcrip-
tion factors expression. The hepatic protein levels involved
with metabolism and neutralization of toxic products were
also altered in male offspring from rats submitted to similar
restriction during gestation.*? Those changes remained until
both six months and one year old, reinforcing the fetal
programming concept. Due to some studies’ question about
the ideal quantity of FA that should be consumed during
gestational period, this work intended to gather different
experimental models and doses as well as its absence in
order to report the impact in these situations. Besides it, few
works have evaluated the effects of such supplementation in
the kidney at late life. Because of its important role on
homeostasis, this work goals to evaluate the supplementa-
tion effects exclusively during gestation in the offspring’s
kidney by current literature.

Methods

It was performed research in the following databases: Med-
Line (Medical Literature Analysis and Retrieval System On-
line), through Pubmed, LILACS (Literatura Latino- Americana
e do Caribe em Ciéncias da Satide) and SciELO (Scientific
Electronic Library Online). It was carried out through ad-
vanced research with the descriptors together: “folic acid”,
“gestation” and “kidney” in English and Portuguese. In this
way, we obtained 107 articles in the PubMed platform, two in
LILACS, and none in Scielo. The word “offspring” was not
included to enable a wide and comprehensive research. After
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preliminary reading, the articles that met the inclusion
criteria were regarded: (1) studies with rats, mice, and
human beings (2) studies that approached the effects of
maternal folic acid consumption during gestation and lacta-
tion, and (3) studies that evaluated the offspring’s kidney in
several phases of life. The exclusion criteria were: (1) studies
that performed FA supplementation in any other period than
pregnancy and (2) articles that evaluated the effect on the
mother.

Results

The works regarded used different experimental models and
evaluated several parameters. Thus, the results were sepa-
rated into categories according to the evaluated criteria.

Gestational Supplementation in Normal Conditions

Effects on Glomerular Filtration Rate

Lee et al.*? followed children whose mothers received mi-
cronutrient supplementation during pregnancy and evalu-
ated the long-term effects. These authors showed that
maternal supplementation during early gestation was asso-
ciated with a reduction of diastolic pressure in childhood
despite the systolic pressure not being altered in those
children. Also, the renal volume and glomerular filtration
rate were not changed by such supplementation. Children
whose mothers received high doses of iron (60mg) and folate
(400ug) during gestation presented higher glomerular filtra-
tion rate when compared to offspring from supplemented
mothers with half the quantity of iron. Lee et al.*> performed
a systematic review in order to comprehend the relationship
between maternal nutrition and renal development exclu-
sively in human beings, evaluating its structure and function
in some nutritional situations. Among the works cited in
such study, one of them reported a significantly lower risk to
develop microalbuminuria in children six to eight years old
whose mothers consumed FA during pregnancy.** Another
study did not show any relation between such supplemen-
tation and change in the kidney of descendants at six years
old. However, it suggested that higher maternal serum folate
concentrations at early gestation were positively correlated
with an increase in renal volume in childhood, but not with
albuminuria risk.*>

Molecular Level Effect

One of the studies regarded in this manuscript analyzed both
FA supplementation in specific organs and gestational peri-
od, investigating its impact at the first, second and third
weeks singly or throughout pregnancy.46 Folate plasmatic
levels were higher in 30 to 42% in the pups from supple-
mented dams, meanwhile, its concentrations in the kidney
and colon were not affected because of maternal intake. The
intervention time did not cause difference about such
parameters. Global DNA methylation was also observed in
different organs. Relation to kidney, liver, and colon, was not
observed any change in descendants whose dams received
FA, regardless of supplementation time. The gene expression
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levels of essential genes for fetal development, such as o
estrogen receptor (Er-a), glucocorticoid receptor (Gr), per-
oxisome proliferator-activated receptor alfa (Ppar-a), insu-
lin-like growth factor 2 (Igf2) and peroxisome proliferator-
activated receptor gamma (Ppar-y) were not changed in the
kidney of puppies from dams FA supplemented at any time of
gestation. Similar results have been found in the brain and
colon of those animals. Among the evaluated organs, only in
the liver the expression of Er-a, Gr, Ppar-a genes was
decreased in 15 to 25% in puppies whose mothers received
FA in late gestation or throughout it. Based on results, the
authors comment that the effects depend on the evaluated
organ and the period in which it is applied.

Gestational Supplementation in Hostile Conditions

Maternal Exposure to Alcohol

This study also selected articles that reported the impact of
FA maternal intake associated with conditions which can
predispose the descendants to diseases in long-term, such as,
alcohol. Ojeda et al.*” have investigated if such vitamin could
reverse the damages from oxidative stress due to alcohol
consumption during pregnancy and lactation in the off-
spring. They found out that the addition of FA and selenium
(Se) on maternal diet mitigates the puppies’ growth retarda-
tion, which is one of the harmful effects of alcohol exposure.
The supplementation did not exert any effect on kidney
relative weight; however, it prevented the reduction of
protein content in renal tissues, found in those animals
whose mothers consumed ethanol. The same puppies also
had a decrease by 50% in creatinine clearance not improved
by FA and Se. On the other hand, the supplemented diets
were effective to preserve glutathione reductase enzyme
activity in the kidney, which was decreased in descendants of
dams exposed to alcohol. The double supplementation in-
creased the superoxide dismutase (SOD) activity only in
control animals and not in those whose mothers consumed
alcohol. Catalase activity was preserved in the litter of dams
thatreceived Se and FA as well as. Another work published by
the same authors reported that maternal alcohol intake
during lactation caused reduction on litter body growth
despite of did not alter the weight of any specific organ.
Such disorder was reversed by double supplementation.
Ethanol exposure also depleted Se in some organs as kidney,
liver and brain, meanwhile the diet recovered this pattern.48

Maternal Protein Restriction

Krél et al.*° have evaluate if FA combined with normal and
hypoprotein diets during gestation could reverse the harmful
effects from protein deprivation about minerals content in
different tissues. Renal copper (Cu) content was reduced by
maternal FA intake, but such levels were significantly lower
in the offspring whose mothers received the vitamin associ-
ated with hypoprotein diet. Neither the protein-deficient nor
FA supplemented diet affected iron (Fe) levels in the
descendants’ kidney. Maternal protein-defficient diet
enriched by high quantity of FA (5mg) also was associated
with higher renal levels of zinc (Zn). The gender was an
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important factor to determine Cu, Zn and Fe contents in the
liver and kidneys, with female offspring having higher levels
of such minerals than males.

Maternal Exposure to Other Drugs

Some studies have questioned if FA is able to prevent the
disorders induced by genotoxic and teratogenic drugs during
pregnancy. El-Ashmawy and Bayad>® administered this vita-
min together with azathioprine (AZA) between sixth and
fifth days of gestation in rats and observed changes that
happened to dams and fetuses. Despite not being the object
of our study, some findings should be highlighted. Maternal
weight gain, implantation sites and number of fetuses were
close to control group. On the other hand, the dams which
received only AZA presented higher number of dead fetuses
and the living ones had marked reduction in body weight and
growth, besides gross visceral and skeletal anomalies. The
groups treated with FA displayed similar results to the
control group, with significant decrease of those anomalies.
The administration of FA and AZA during four weeks in a
successive experiment became urea and creatinine serum
levels close to the control group (Chart 1). Otherwise, FA was
not effective in reducing renal malondialdehyde (MDA) levels
in those animals and preventing the architectural damagesin
the kidney, such as degeneration and tubular necrosis,
swollen glomeruli, and infiltration of lymphocytes triggered
by AZA.>0-64

Discussion

The literature indicates that gestation is a critical period to
determine the concept’s future metabolic status and many
factors can affect such development. In this review, we have
found that FA maternal supplementation was not capable to
change the DNA global methylation in the kidney, which
seems to be beneficial, even though this result has not been
observed in all organs. The supplementation performed
throughout pregnancy is associated with such alteration in
the brain and liver, with the first one being more susceptible.
These organ-specific effects are probably related to the
differences in both metabolism and folate demand in each
of them.' The literature reports that changes in DNA meth-
ylation due to FA maternal intake vary according to the tissue,
specific genes, interaction with other vitamins, among
others.

Gestational supplementation did not change the expres-
sion of some genes, such as Igf2, Ppar-a e Ppar-y in the
kidney. Igf2 promotes fetal growth,>?> meanwhile Er-o is an
estrogen nuclear receptor which allows the action of such
hormone on reproductive development in embryo and fe-
tus.”> Ppar-« regulates lipid metabolism>* and Ppar-y regu-
lates both glucose metabolism and storage of fatty acids.”
The conservation of those genes expression is a relevant
finding due to they are essential to several aspects of fetal
development, such as growth and cell metabolism.

During embryogenesis, a new pattern of DNA methylation
is set up°® and is vulnerable to environmental factors such as
maternal diet. Any alteration is likely to predispose disorders
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in long-term since aberrant or deregulated models of DNA
methylation are associated with many diseases in human
beings.>’

Organogenesis is a complex process that is under the
influence of harmful conditions and drugs during the gesta-
tional period. FA seems to be effective to mitigate the
disorders caused by teratogens or prevent some complica-
tions from such exposure in the kidney and other organs. Its
protective effect observed in the offspring’s kidney of dams
exposed to AZA is corroborated by Ojeda et al.°® when
showing that FA administered with alcohol to pregnant
rats avoided hepatic damages in the puppies at late life.

One of the ways to protection performed by FA is antioxi-
dant activity. Its intake during pregnancy was able to pre-
serve the glutathione reductase and catalase activity in the
kidney of puppies whose mothers consumed alcohol. Cata-
lase is related to superoxide dismutase in the removal of
hydrogen peroxide and folate conjugated to catalase
increases the ability of this enzyme to neutralize these
reactive oxygen-derived species (RODS) being produced
during some cell process that are potentially harmful.”®

Lipid and protein peroxidation is one of the damage
mechanisms triggered by free radicals and RODS and occurs
when there is imbalance between generation and capacity to
eliminate it, which features oxidative stress.?? The kidneys
are susceptible organs due to plenty of polyunsaturated fatty
acids in renal lipid composition®' FA associated with seleni-
um also reestablished the protein overall content in the
kidney of puppies from dams exposed to ethanol, reinforcing
its effectiveness in preventing the protein peroxidation
caused by oxidative molecules.

According to Dennery,®? the embryo development may be
rather affected by such molecules due to the reduced capac-
ity to neutralize them, since the embryo develops in an
environment with relatively low oxygen levels. Oxidative
stress can trigger off failure in embryo implantation, abor-
tions, and congenital malformations.®°

Despite its protective properties, FA cannot be enough to
suppress completely the impact of some acute and important
aggressions during the gestational period, for instance,
changes in renal ions transport unleashed by maternal
deprivation of protein,*® as well as the reduced glomerular
filtration observed in the litter of ethanol-exposed dams
during gestation was not prevented by FA + Se supplemen-
tation.*” Hostile conditions can compromise embryonic
nephrogenesis and in turn, alter the glomerular filtration
rate.%3 Albeit FA has not reverted some disorders associated
with nephrogenesis, it is suggested that folate deficiency
might impact this process through epigenetic modulation.*?
There are hypotheses that little availability of folate, B12
vitamin, and other nutrients affects the volume of the
kidneys and decreases the nephrons number of the offspring,
predisposing to chronic renal disease in adulthood,*>%* it
reinforcing the concept of fetal programming.

In short, because of the large variety of maternal factors
which may exert influence on fetal organogenesis and the
intrinsic vulnerability of this process, studies that evaluate
the supplementation with this one and other nutrients, as
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well as their absence, can enlighten the benefits and ensure
the safe use in order to maintain the descendants’ health.

Conclusion

Gestational FA supplementation did not cause renal toxicity;
it exerted antioxidant protective effect and mitigated some
renal disorders unleashed by severe aggressions.
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