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Abstract

The implantation procedure involves a “biofilmic” mechanism of organism protection against threat. Inmune-inflammatory procedures expressed
by nutritional, molecular and biochemical factors related to homeostasis ensure successful incorporation of blastocyst in the uterine ecology. The
feeding chain of the host mother, the embryo and their microbiota modifies the human intrinsic environment, hormone levels, fetal characteristics

and growth.

This study was conducted to provide information about the effects of diet on implantation quality in an attempt to therapeutically synchronize the
development of blastocyst within the nourishing mothers. The issue is generalized to all “windows of alien implantations”.

The formation of life (: fertilization) and its development is a consequence of biochemical reactions (: mitochondrial cycle, replication, regeneration,
oxidation, apoptosis, etc.). Homeostasis is called the body’s ability to keep its internal ecosystem stable despite exo orendogenous changes. The
whole process involves energy consumption, operative coordination of various organs, especially between the nervous and endocrine systems.

Instability of homeostasispredisposesto“miscarriages”.

Key elements that enhance acid-base equilibrium, oxygen demands and indirectly implantation success are proteins, trace minerals, vitamins,
omega-3 fatty acids, enzymes, fruit and vegetable phytonutrients, probiotics. Restriction of processed or foods polluted with endocrine disrupting
chemicals and microbes, sugar, saturated and trans fatty acids prevents genetic deterioration, ageing and troublesome implantations.

Balanced diet, digestion and hormone-dependent metabolism identifies the efficiency of our reproductive system and homeostatic implantation

procedure.
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Physiology and Mechanisms of Implantation

The responses to the artificially implanted medical devices
are different for each particular material sharing a common
characteristic: induction of the host answer. This means an
inflammatory fibro-vascular encapsulation of the “intruder” so
thatthe foreignerisisolated and does notinteract with the “house-
holder”. Water is the main solvent optimizing physicochemical
changes of the surface of “biological substance” (: oxidation,
hydrophilia or hydrophobicity, antimicrobial action) modulating
the immunity reactions and reducing thenegative consequences
of implantation. That concept applies to the mother and embryo
natural connection. In order for the blastocyst to be incorporated
in the surface of the endometrium, it should collide firmly
and have a feed-back. Cell surface hydrophobicity and the
ability of binding fibronectin, vitronectin and collagen type

1 are important foranchoring the implants. The surrounding
microenvironment and resources promote the expression of a
hydrophilic cell surface which triggers “infections”. Hydrophilia is
necessary because the Ca++, Na+ and Cl- ions will sit on the water
crust. Proteins from the blood and fluids of tissues that have been
diffused around the implant are absorbed into the water layer.
The protein layers formed are rearranged, changing shape and
structure depending on the chemical structure of the surface, the
temperature and make up the welding area with the cells. [1, 2]

Water, proteins, carbohydrates and lipids are vital dietary
components necessary for organisms. The immunological
system distinguishes pathogens, separates useful andfamiliar
proteins from harmful and foreign ones, detecting
“dangerous” signals such asmicrobes, non-apoptotic, necrotic cell
death. Orientation and movement of the fertilized egg, embryo
implantation, the formation of a placenta and the embryo-
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maternal interactions are mediated by proteases, cytokines,
chemokines which are synthesized byepithelial cells and
affect cellular behavior and the outcome of the immune
response. They

Propagate the development of the blastocyst in the uterus,
guide it chemotactically andassist its adhesion to the uterine
epithelial surface, driving also the decidualization. Decidualcells
also produce those locally active molecules important for
directing and restrainingtrophoblast invasion and for leukocyte
transportation into the decidua until the placenta is established.
Stromal cells secrete cytokines that lead the decidualization
process and chemokines that attract leukocytes and help
trophoblast migration. Abnormalities in theirproduction are
associated with infertility and miscarriages. [3, 4]

Microbial cells, neoplastic cells etc. exhibit similar actions
necessary for their colonization. The presence of complex-
type oligosaccharides on the cell surface, metalloproteases,
interstitial collagenase, serine proteases (plasminogen
activator) mediate trophoblast and others invasion. Acid-base
ratio (pH), temperatures are important factors for the enzymatic
functions. Coordination of maternal and embryonic processes,
transformation of uterus,fetal development and protection
from predators, exchange of nutrients, communications of the
embryo and mother, changes and adaptations via immunity
system, the micro-RNA system are associated with embryo
implantation. [5, 6]

Steps of implantation involve the recognition and
agreement of blastocyst with theendometrium, the violation
of the embryo and trophoblast ending in decidualization and
placentation. Enzymatic functions and glycoproteins keep the
blastocyst attached to theendometrium. The hydrophilic
nature of glycoproteins allows them to function in theaqueous
environment, where they act in cell-cell identification and
binding of other molecules. The blastocyst with the mechanism of
microvilli migrates inside the endometrium. Then the production
of beta-chorionic Synthetic Follicle stimulating hormone begins,
while the transformation of the layer cells into decidual cells
begins. The complete penetration of the blastocyst into the
myometrium takes place gradually while the changes that the
cells have undergone in the uterus continue to turn it into a
cellular layer which has increased secretion activity. This “pearl
mass” “heals” fully the site of implantation. [7]

The ability of cytotrophoblastic cells to penetrate depends on
many factors.

A.  The expression of surface cell binding molecules.
Cytotrophoblastic (CTB) cells canimitate or differentiate
to other cells and merge into forming syncytia, playing key
roles in the communication between mother and fetus and
in hormone functions. CTB cells multiply and move into the
decidua, changing the endometrium and its vessel loops.
Uterine factors, oxygen, extracellular matrix, cytokines,
growth factors, estradiol, glucocorticoids, human chorionic

Copyright:
©2020 Angeliki T, et al.

gonadotropin hormones regionally present, regulate the cellular
transformations, maturation and movement of the trophoblast.
[8, 9] CTB cells intrude the endometrium and myometrium
using metalloproteinases. Their effect depends on temperature,
chemical environment, the interactions with the amino acids of
enzymes, electrostatic and hydrophobic forces and hydrogen
bonds. [10] Collagen is an abundant protein - “glue” that holds
the body, synthesized with the help of vitamin C. Collagen
binding integrins (transmembrane proteins - receptors)
mediate adhesive processes and transmit signals for cellular
growth, survival and metastases. When activated, they cause
platelet aggregations, fibrosis, neoplasias, restoration of tissues,
wound healing and homeostasis. [11,12]

B. The adequacy of the specific proteases which
deconstruct the extracellular substance,such as plasminogen
activator and metalloproteinases. Proteases, gelatinases,

C.  Proteoglycans are secreted by endometrial mast cells
which also mediate inflammation and placental angiogenesis.
Overreaction of mast cells may induce immunopathological
pregnancy loss. Embryo and tumor or other kind of implantation
is regulated by extracellular metalloproteinases. Lower amounts
of metalloproteinases are linked with infertility and miscarriages.
Expression of plasminogen activator and other matrix enzymes
affects apoptosis, proteolysis, angiogenesis, success or failure of
the implantation. Genetic andenvironmental factors such as
diet influence the ph and indirectly the enzymatic activities,
the defective barriers. Processed and cooked foods are “dead”
because only the natural and raw contain intact nutrients,
vitamins, minerals, and enzymes essential for life procedures.
[13-15]

D.  Growth factors and cytokines which further regulate
the penetration. Transformation growth factor, cytokines,
estrogen and progesterone hormones, cell adhesion
molecules stimulate penetration, angiogenesis and embryo
implantation process. The communication between the immunity
cellsis accomplished through cytokines. Cytokines are involved
inmetabolic disorders maintain homeostasis between the
fetus and the mother and preventpregnancy loss. [16, 17]

E.  Tissue 02 levels. The placenta is the site of oxygen and
nutritional exchange between twoorganizations. Spiral arteries
need to be established otherwise fetal malperfusion occurs
leading to imbalances between reactive oxygen species and
antioxidants, damage to proteins, lipids, DNA and cellular stress.
(18]

E Microbiome. The presence of pathogenic microbiota
in the endometrium competing forfood resources and
accumulating acidic metabolites in the extracellular space
provokes implantation failures. Microorganisms most of the time
live in harmony with humans, breaking down foods, producing
vitamins and anti-inflammatory substances, strengthening
the host immune system and fighting the malignant microbes.
Antagonistic behaviors threaten the fertilized egg which might be
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eaten by germs. Dietary and life style models affect their quality
and quantity. [19]

G. Acid-base homeostasis. Ph regulates activation or
inactivation of molecules and biofilmformation. The extra -cellular
matrix relates to cellular physicochemical features, adherence,
detachments, invasions, angiogenesis, migrations, transitions.
Clean water, diet rich in fruits, vegetables, seeds and fish sustain
alkaline environment. Chaos arises from the excessive growth of
pathogenic bacteria and fungi and the subsequent acidification of
the body which hinders enzymatic activities. [20-22]

H. Balanced diet, digestion and hormone-dependent
metabolism. The internal ecosystemdepends on food. Nutrients
participate in enzymatic functions, exerting antioxidant and
protective activities. The main source of energy is carbohydrates.
Dietary lack of proteins and amino acids leads to weak immune
system, fluid retention, interstitial edema, infertility and
implantation failure. Amino acids are involved as energy sources
for cell repair,survival, regeneration and growth, Krebs cycle,
enzymatic functions, metabolism. [23]

Aim and Methodoly of Literature Search

A computerized search was performed in pubmed and
medline regarding diet and its influence on embryo or other alien
implantation. The key words used were: implantation, nutrition,
diet, microbiota, oxidative stress, inflammation, immunity.

There were many databases listed e.g. with the combination
of words “implantation” and“diet”984 articles and 88 reviews
were found and with “implantation” and “nutrition”936articles,
189 reviews were written. However comprehensive-systematic-
overview reviewarticles, longitudinal, experimental, clinical and
comparative studies, meta-analyses were preferred because
these documented and clarified the relation of nutrition with
implantation procedure.

With the combination of “implantation window” and “diet”
there was one experimentalstudy on mice investigating the effects
ofintegrin $3 and leukemia-inhibitory factor in theendometrium
of controlled ovarian hyper stimulation during the implantation
window?

With the words “embryo implantation” and “diet” there were
101 articles, 10 reviews.

With the words “embryo implantation” and “oxidation” there
were 17 articles and onereview.

With the combination of “embryo implantation” and
“oxidation” and “diet”one article was published, hypothesizing
that diet and its constituents may influence the timing and
maintenance of pregnancy.

With the words “embryo implantation” and “inflammation”
and “diet"two review articles commenced adipokines (leptins)
and dietary components influencing reproductive health. Leptin
is a hormone secreted by adipose tissue signaling hypothalamus,
regulating satiation, immunity, fertility and the nervous system.
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With the words “embryo implantation” and “immunity” and
“diet” none was noted.

With the words “embryo implantation” and “immunity”
and “nutrition”one meta-analysis studied the transcriptomic
biomarkers of endometrial receptivity, fertility and infertility.
It highlights the genetic, inflammatory, immunity pathways
involved in pathologies of implantation procedure.

With “embryo implantation” and “microbiota” and
“diet”one article referred to dietary interventions, amino acid
metabolism, probiotics and prebiotics of intestinal bacteria
which are implicated in the development of metabolic syndrome,
reproductive performance, health of mother and fetus. The
microbiome and metabolism are connected to diet and
reproduction.

With the combination of “embryo implantation” and
“homeostasis” and “diet"4 articles (clinical trial, experimental)
referring to impairments produced by toxins and under nutrition
were announced. The peri-implantation maternal malnutrition
was incriminated for reproductive impairments.

With the word “implantation window” and “oxidative stress”
and “nutrition” or “implantation window” and “oxidative stress”
and “diet”or “embryo implantation” and“oxidative stress” and
“nutrition or diet” none was reported.

Factors Affecting Negatively the Implantation
Procedure

Disorders of placental implantation have been associated
with in vitro fertilization, the increased use of caesarean section
ending to negative outcomes. Angiogenetic factors,cytokines,
growth factors, celladhesion molecules, hormonesregulating
angiogenesis andimplantation are influenced by the feed-food
load. The quantity and quality of carbohydrates affect glucose
and insulin metabolism, obesity, increase in bacterialmetabolites,
ovulation, fertility and implantation. [16, 24, 25]

Blastocyst must be inserted without damaging the tissues.
“Readability”, retention ability, and biocompatibility are
necessary for any implantation site. Endometrial pathologies
suchas abnormal microbial ecosystem, inflammations or
trauma relate to desynchronization between the blastocyst
and endometrium and displacement of the implant. Negative
factors of implantation procedure are oxidative stresses that
result in hormonal imbalances, mitochondrial abnormalities, the
shortening of telomeres in the ovary, dysfunction of granular cells,
lipid damage, alterations of proteins and their glycosylation, DNA
damage and enzyme dysfunction. Autoimmune diseases, immune
intolerance to the fetus, T-helper cells, natural killer cells, chronic
inflammatory diseases, hormonal and eating disorders, alcohol,
smoking, anxiety, thrombophilia etc. are implicated in failure of
fertilization and implantation.[26-30]

Poor nutrition leads to the damage of the DNA, lipids and
proteins, gestational failures.Intake of micronutrients before and
throughout pregnancy prevents reproductive adverse outcomes.
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Vitamins and minerals control metabolism, gene expression and
prevent imbalances between the production and scavenging
of radical oxygen species. Increased copper levels relate to
polycystic ovary syndrome, androgen excess, oxidative stress and
inflammation. [31-33]

Calcium and zinc influence enzymatic functionalities
important for embryo-endometrial interactions. Folate, zinc has
antioxidant effects and is important for apoptosis, implantation,
placentation, fetal development. [34] Insufficientintake of trace
elements, smoking, anxiety, drugs, environmental pollutants,
heavy metalscreate imbalances, unexplained infertility and
implantation failure. [35] Food pollutants(dioxins, pesticides) are
hazardous to cardiovascular, neuroendocrine and other systems.
They induce inflammations, oxidative stress, diabetes, various
diseases. Human genome is implemented in specific responses
against foreign particles and unnatural byproducts.

Metabolic derivatives from enzymatic or non-enzymatic
cleavage of drugs and food cancause cellular dysfunctions,
mutations, toxicity. [36-38]

The endometrium is an endocrine organ which communicates
with molecular blastocyst signals and other organs. The uterus
produces prostaglandins, cytokines, interleukins, TNF and
the placenta produces progesterone. Trophoblast suppresses
neutrophils, natural killer cells, and cytokines (: immune
tolerance to the embryo). [39]

Homeostasis plays an important role in implantation
success and is mainly associated withdietary proteins, trace
elements, vitamins, phytonutrients, and omega-3 fatty acids.
Hypothalamus appears to be the center of detection of nutrient
levels coming from food intake and eventually coordinates hepatic
and pancreatic metabolism, hormone secretions, and control of
glucose, fatty acids levels and homeostasis. Nutritional deficits,
food intolerances and their related inflammations, metabolic
disorders elicit imbalances of the host ecosystem, unsuccessful
adaptations of the two coexisting organisms, disturbances of fetal
growth and miscarriages. [40, 41]

The intrinsic microbiome regulates the immunity system
and fertility factors, affects the microbiota of the embryo and
state of health. The gut microbiome regulates the estrogenic
circulating load through enzymatic releases, participates in
metabolic pathways, offering protection from diseases and
ideal homeostasis. Symbiosis fortifies the immunity system
against inflammatory processes. Dysbiosis results in metabolic
syndrome, neoplastic, cardiovascular, endometrial diseases and
reproductive failures. Avoiding toxins, preference of fermentable
fibers, vegetables and fermented food cultivates the benign
microbiota and balances various sites of flora. [42-45]

Fetus-endometrial =~ communications and  dehiscence
are elucidated by chromosomal abnormalities, molecular
pathologies, and metabolic imbalances of the embryos, the
mother orboth. The uterus and its tissues, the implantation
procedure are influenced by environmental factors.
[46, 47] Unhealthy lifestyles and nutrition interferes
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with physiological processes causing inflammations,
mitochondrial and cellular dysfunction, and endocrine
disorders. The mitochondria generate ATP energy demands
for biochemicalcycles, anti-oxidant and anti-inflammatory
responses and homeostasis. [48, 49] Cellular parameters,
stresses and impairments, extracellular matrix are influenced by
food intake and dietary deficiencies. Low serum magnesium is
related with increased risk of inflammations and death. Vitamin
D inadequacy interferes with calcium and bone equilibrium. [50-
52] Balanced diet secures the immunity system against disorders,
inflammations, deteriorations of cells and tissues. The immunity
cells communicate with the gut microbiome which incorporates
nutrition and their metabolic byproducts affect host metabolism,
physiological processes, infectious status and indirectly
implantation window. [53, 54]

Dietary Factors Affecting Embryo Implantation

Water is the most important macronutrient of the body.
Dehydration has adverse effectson the integrity of the cell
membrane, protein structures and cell viability. Encapsulation
of the fertilized egg ensures its protection from enzyme
activities, acids, microbes and its survival. [55] Chemicals disrupt
phospholipids and membrane proteins causing cellular death.

The stability of cell wall, membranes and enzymes
depend on solvents and aquatic microenvironment.
However industrial poisonous chemicals in water are toxic to
plants,animals and humans. Chromium, iron, nickel, copper and
zinc induce DNA damage and inhibition of its repair, oxidative
stress. Exposure to chlorinated compounds from water supplies
demonstrated teratogenic defects, increased resorption sites in
maternal rats.

Pregnant women who drink tap water present a higher
risk of miscarriage due to chlorineby-products used for
water purification.[56-58] Toxins are also secreted by
pathogenicbacteria. Water-soluble toxins pass through the
cellular membrane into the cytoplasm by making a channel.
[59-64]Bisphenol-A, a widely used chemical in the production
of plastics, may have estrogenic effects, reducing the size of
the implanted pregnancies or ending the pregnancies. General
population has been exposed to this substance by diet or water.
[65, 66]Caffeine contributes to mild dehydration and negative
metabolic balance of minerals by higher urine excretion of
potassium, sodium, inorganic phosphate, magnesium and
calcium. Exposure to caffeine affects uterine receptivity and
placenta and can cause epigenetic changes in the developing
fetus. [67, 68]

Diet is associated with low-grade systemic inflammation.
Deleterious food proteins havenegative effects on implantation
period. Beneficial plant proteins promote cell proliferation,
differentiation and growth. Green leaves are rich in good proteins,
calcium, iron, amino acids and carotenoids. Phycobiliprotein
found in algae has oxygen free radical scavenging properties and
reduces inflammatory mediators protecting tissues and organs.
[69- 73]
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The molecules that are secreted during pregnancy, such as
interferon, estrogen, chorionic gonadotropin and progesterone,
regulate the expression of genes for nutrient carriers. Amino
acids are signaling molecules in fertilization and embryonic
implantation. Theintestinal bacteria metabolize the amino
acids and influence their entrance in the circulatory system.
Alterations of the gut microbiota and their metastases to
uterus results in uterine dysregulation as well as changes in
physiologic biochemical pathways of pregnant women and
fetal development. Nutrition rich in amino acids, probiotics and
prebiotics balance the endometrium, implantation, and placenta
and fetus performance. Food supplementation with arginine
seems to enhance the development of the fetal placenta.[74-75]

Glucose-sites may be implantation sites. Saccharides together
with polyphenols, alkaloids, and others affect cell implantation,
detachment, proliferation and angiogenesis. The endometrial
receptivity involves interactions mediated by leptins, integrins,
enzymes, proteins, cytokines, growth factors, prostaglandins,
angiogenic peptides. Carbohydrates play an importantrole in the
interactions between cells and their binding proteins (leptins)
are expressed in the peri- implantation period. We must eat the
good carbohydrates which are rich in omega-3 fatty acids and
unsaturated fats and fibers. Grains and legumes include lectins
(proteins) which bind to cellular surface and cytoplasm and have
specificity forsaccharides. Lectins possess antioxidant activity
and ability to normalize blood sugar level. [76-80]

Cow’s milk and meat contain high concentrations of dioxins,
while vegetable milks do not. Lactase is low or absent in adults
resulting in insufficient breakdown of lactose. Lactose is toxic to
the unfertilized egg and may increase infertility and implantation
failure.[81-83]

Metabolism is compromised by hyperglycemia, leading to
defective mineralization andmaturation of tissues. Obesity and
diabetes result in poor healing, glycation of proteins. Advanced
glycation byproducts change the permeability of endothelium
and its anti-thrombotic properties, trigger the production of
inflammatory cytokines and growth factors,and decrease the
local circulation through the expression of adhesion molecules
and chemokines. Hyperglycemia causes enzymatic dysfunction
and glycation of collagen, tissue fragility. Maternal hyperlipidemia
predisposes to epigenetic metabolic and fetal disorders.

Low glycemic food rich in omega-3 and omega-6 fatty
acids, vegetable proteins and antioxidants improve fertility.
High-fat diet slows the integration of the foreign implant.
Forexample dental implants in patients with uncontrolled type 2
diabetes are hazardous.[84-87]

Polyunsaturated, long chain, Omega 3 is essential fatty
acids which are an integral part of cell membranes throughout
the body, thus significantly affecting the function of membrane
receptors, the regulation of inflammatory procedures. The
fatty acids of cell membranesseem to serve intercellular
communicationin the systemicinflammatoryreaction ofthebody
and affect the results of coronary stent or other implantation.
Omega fatty acidsprotect the mother and fetus from the
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risk of inflammation, influencing the implantation ofembryos
through prostaglandins. Intake of w3-Poly Unsaturated Fatty
Acids improves oocyte and embryo quality, the probability of
implantation, pregnancy and birth among women undergoing
assisted reproduction. However, harmful industrial chemicals
that accumulate in food rich in omega fatty acids (fish etc.) can
have negative effects.[88- 93]

The consumption of essential fatty acids from plant sources
promotes fertility, embryo implantation and protection, placenta
function and regulates hormonal balance. Fats fromanimal
sources, as well as cooked fats, negatively affect the function
of the cellmembrane, causing an excess of estrogens. The
consumption of foods rich in unsaturated fatty acids
enhances implantation, since it increases the body’s sensitivity
to insulin andminimizes inflammation. Females wishing to have
a child should consume a moderate amount of monounsaturated
and polyunsaturated fatty acids, in particular omega-3 fatty acids.
Saturated fatshave beenaccused ofincreasingblood cholesterol
and the risk of developing diseases such as cardiovascular
disease. Olive oil has anti-oxidant substances.When oil is heated
at high temperatures it is altered and converted into a trans form,
being foreign to cell membranes and reproductive organs. Tran’s
fatty acids are found in all fried and processed foods. Trans fatty
acids activate or disable the function of cells, affect the process of
inflammation, ovulation, infertility. [94-95]

Micronutrients are essential in a variety of biological
processes including effective immune-responses, diminishing
inflammations and oxidative stress. Deficiencies in trace
elementsare correlated with autoimmunity disorders, systemic
inflammation andrepeated implantation failure. [96-97]

Ions and growth factors cause chemotactic effects. Calcium
induces proliferation of cellsinto the implants. Calcium-
binding proteins play important roles in embryo implantation
success and endometrial receptivity. Vitamin D and calcium
deficiencies are common and have a significant impact on
growth and development. Calcium is more effective from food
than supplements. [98-100]Magnesium supports all tissues and
immunity system, influences various physiological processes
such as differentiation of mesenchymal stromal/stem cells.
It acts beneficially on the macrophage polarization having a
protectiveeffect by decreasing cytokine production involved in the
tissue healing and the possible failure of the implants. Decrease
of serum magnesium has a negative impact on bone metabolism
and tissue around implants. Magnesium-based biomaterials can
induce a faster inflammation resolution while improving tissue
repair. [101-103]

Vitamin D relates to maternal immunity system, influencing
the balance between pro andanti-angiogenic factors and the
process of placenta angiogenesis. Dietary supplementation with
vitamin D balances the ratio of maternal T-helper 1 and 2 cells
and cytokines. Its deficiency is associated with implantation
failures and pregnancy complications.[104-105]

Pesticides, fertilizers, hormones present in food can
interfere with human endocrine system and cause liver
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congestion. Basic function of the liver is the processing
of hormonesand production of bile. Bile is excreted by the
liver for digestion and absorption of indigestible fats and
fat soluble vitamins and hormones. If bile does not flow,
difficultieseliminating excess estrogen exist. Beetroot and
apples help decongestion of bile. Applesand apple products are
a source of polyphenols, fibers, carotenoids and other nutrients.
Polyphenols fight obesity by scavenging free radicals, regulating
signaling and transduction pathways in cells and tissues,
especially adipose. They reduce body fat and body mass index
and indirectly prevent metabolic diseases. Apples/pears, citrus
fruits, green leafy vegetables/salads and cruciferous vegetables
consumption is inversely associated with inflammatory vascular
diseases and its subsequent malnourishment. [97,106]

Humans are exposed to hormone compounds derived
from animal products or to chemicalcompounds that
disrupt the endocrine system through food, drug treatments
and theenvironment. Hormones have been used in animal food
and their metabolites accumulate in tissues causing toxicity,
cancer, endometriosis, infertility and implantation failure. Eggs
contribute more to dietary intake of estradiol than beef.
17B-estradiol enters the organism through food causing harm to
endogenous endocrine system. Estrogen “secretions” from males
can mediate the interruptions of the pregnancy of females in
which fertilized eggs were implanted. [107-110]

Homeostasis of the uterus and embryo is related to hormones,
cytokines and apoptosis all interplaying with nutritional feedback.
The quality of food intake can cause abnormalities and maintain
inflammation. Dietary products possess antigenic and microbial
load interacting with the consumer’s ecosystem, causing
intolerances. Food intolerances promote systemic inflammatory
diseases including metabolic, cardiovascular and immunity
disorders, affecting indirectly the implantation procedure. [111,
112] Tissue integration as assessed with prosthetic implants
depends on local hygiene and “aseptic’nutrition. Infection of
the bowel and neighboring ovaries with gram negative bacteria
influences hormonal receptors during the peri-implantation
period, provoking embryonic disintegration. [113-115]

Edible products may possess microbes, affecting the
sterilization status of pregnant females and their implants.
Microorganisms are used in food industry for several
demands,having also undesirable traits. Listeria monocytogenes,
Escherichia coli, lactic acid bacteria, Pseudomonas spp.
Staphylococcus spp., Bacillus cereus etc. observed in market
samples affected the phenolic content and antioxidant activity of
the food. When digested they are circulating producing systemic
inflammatory diseases. [116-118]

Microbes are inserted in the body by direct contact and
indirectly by food. Infections predispose to the appearance of
metabolic syndrome and its negative effects on implantation
and fertility. Microorganisms eat the food of the hosts and their
implants. Diet affects the microbial load, the balance between
friendly and hostile microbes, the immunity defenses, the
inflammatory factors, metabolic dysfunction and insulin of the
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consumers. One particular microorganism in food is mycoplasma
which is also encountered in gynecological infections.
Mycoplasma triggers immune responses and inflammatory
disorders in the host including endometritis, reproductive and
implantation failures. Its species are detected in serum, milk,
sheep, goats, poultry, calves, sea mammals. Othermalignant
microbes detected in chronic asymptomatic endometritis such
as Chlamydia trachomatis etc. cause infertility, troublesome
implantation or miscarriage. Curing the local and systemic
pathologies assist infertile women to proceed to successful
implantation. [119-124]

There are differences of intestinal microflora among
individuals. Their activities are responsible for various metabolic,
hormonal and immunological processes. Phyto-estrogen (mainly
present in legumes and soy products) metabolism and activity
depend on intrinsic microbiome. Intake of prebiotics and
increase in gut communities of Bifidobacterium and Lactobacillus
promotes health. Diverse imbalances or variations of microbial
species result to disorders of the mother and fetus. Obesity,
diabetes mellitus are associated to the amount of food intake,
inflammation and gut microbiota. Short chain fatty acids and
other metabolites produced by the microbial communities
influence insulin signaling and other biochemical cycles. Type
2 diabetes mellitus causes chronic inflammation and affects the
immune system, ovulation, implantation, pregnancy, infertility.
It relates to inflammatory cytokines and immune-endocrine
bidirectional communications. Inflammatory agents interfere
with the immune-endocrine interactions between endometrium,
myometrium and blastocyst, trophoblast and decidua during
pregnancy.[125-127]

Infections, enteric dysfunction, endogenous inflammation
associated with adiposity and nutrient deficits influence growth
and block the cell cycle progression. Dietary constituentsact
as anti- inflammatory and anti-oxidant agents. When cells
dysfunction, they stopproliferating and secrete inflammatory
molecules, reactive oxygen species and extracellular harmful
components. Polyphenols (: rich in fruits and vegetables) promote
mitochondrial function and autophagy, reduce oxidative stress,
inflammation and cellular senescence (favor to implantation).
[128,129]

Discussion

Understanding the mechanisms by which diet regulates the
cell signaling pathways, oxygenation and pH in the uterine
environment is important to succeed implantation.

Implantation depends on inflammatory procedures and
cellular stress. Pregnancy and itspreservation include signaling
between fetal membranes and mother. Nourishment depends on
absorption and circulation. Diabetics, obese women are at risk for
inflammations, ischemia, under-nourishment and problems with
implantation. [3, 6, 10, 25, 28, 31, 35]

The implants search useful nutrients and a shelter source.

Macro and micro-nutrients are necessary for the prevention
and treatment of diseases,including infertility. Fortification
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and supplementation of nutrition prevent illnesses
andimplantation problems. Vitamins, trace elements, minerals,
omega-3 fatty acids, pro andprebiotics strengthen the body.
Dietary deficiencies end up to dysfunctions of biological processes
and implantation failure. [31-35, 51, 52, 96,105]

Adequate hydration is advised because water constitutes cells,
detoxifies the blood, assistscirculation, oxygen and nutrient
transportation, increases metabolism. Water treats hormonal
imbalances and female cervical mucus. However water, plants
and animals can be contaminated with pathogens or chemicals.
Nutrition, water and associated contaminants affect intrauterine
installation of fertilized eggs, particularly sensitive to the levels
of natural estrogens. Caffeine intake antagonizes minerals,
dehydrates and augments inflammations. [67, 68]

Hypothalamus regulates metabolism of energy sources
(carbohydrates, fats, proteins) andhomeostasis. Energy
demands are increased during pregnancy. Failure of
parentalhomeostasis equals to failure of implantation.[41, 48]

The body needs proteins in large quantities because they are
essential for the synthesis of enzymes, hormones and other
chemicals and are involved in the development of tissues and
organs. Plant proteins, compared to animal, are associated with a
lower risk of developing inflammatory diseases such as diabetes.
The epithelial cells of the uterus secrete and/or carry a wide
range of molecules, serine, methionine, arginine, lysine, histidine
etc. transported through the vessels of the placenta to support
conceptus growth.[23, 74, 75, 99]

Fish, grains, vegetables, fruits are the main sources of good
carbohydrates. Pasteurized milkdoes not include enzymes.
Lactose is broken down in the intestine into glucose andgalactose.
Most adults lack lactase to metabolize this milk carbohydrate
and therefore it might be toxic to implantation period. Improper
glycemic control influences the survival rate of implants.
[83,111,112]

Trans-fatty acids, high carbohydrate and animal protein
intake prejudices fertility. Saturated Tran’s fatty acids disable
cellular membranes and implantation. A restriction isneeded
on the consumption of white sugars (exhaust enzymes), white
flour, salt (hinders enzymes), saturated and Trans fatty acids
because they accelerate cell aging, the deterioration of genetic
material and then implantation failures are favored. [93-95,109]

Omega-3 fatty acids found in fish, olive oil and grains are
responsible for various cellularfunctions, the development of the
egg, healthy embryo development. Human body does notproduce
Omega 3 fatty acids, so these need to be recruited from food.
Consumption of 2-3 portions of fish on a weekly basis, is sufficient
to have the protection shield of omega 3 fatty acids. [88, 89]

Food causes disorders of blood-feeding circulation and
affects the homeostasis of themother and fetus. Important
factors are the maintenance of a constant amount of oxygen
and carbon dioxide, body temperature, blood acidity, the
concentration of salts (Na+, Cl-ions) and glucose of the body. The
whole process requires energy consumption and coordination of
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various organs.[111]

Safe implantation procedure depends on a healthy
circulatory system and nourishment supplies. Sugar and its
derivatives have negative effects on implantation because they
causehyperglycemia and then stimulate the release of a large
amount of insulin, ending in hormonal imbalance. Eating foods
with a low glycemic index is beneficial having anti-inflammatory
effect. Such foods are - apples - green vegetables - olive oil - eggs
- nuts - fish - seeds - berries. Globally, countries are working
towards the healthy diet intake to prevent obesity and risk factors
of maternal and infant diseases.[25, 31, 35]

Fruits and vegetables are sources of antioxidant vitamins (A, C,
E) and antioxidants(lycopene, beta-carotene etc.), trace elements,
nutrients (folic acid etc.) essential for health and reproduction.
Antioxidants neutralize free radicals that negatively affect the
maturation of the eggs, their chances of fertilization, the correct
implantation and development of the fetus. These substances are
thermo-sensitive and therefore fruits and vegetables should be
consumed fresh and raw. Fibers help the body to get rid of the
excess estrogen and foreign hormones, while maintaining the
proper functioning of the digestive system. In addition, they have
the ability to maintain blood glucose levels at normal levels. Foods
rich in fiber are fruits, dark green leafy vegetables and whole
grains. Implantation is influenced by molecular mechanisms
that depend on the nutritional elements, inflammatory
agents, genes, sufficient sleep and its influence on hormones.
All vegetables contain indo-3 carbinol, which is a powerful
hormone balancer. Food components such as phenolics in olive
oil, fruits and vegetables, yoghurt, legumes, fish, peanuts etc. have
therapeutic results. [107,126, 129]

Studies are exploring the mechanisms by which food related
microorganisms act, including metabolic pathways, physiology
and fermentation that ultimately change the microbial
communities. Their characteristics are discovered in order to
prevent diseases. It is recommended that food consumption
comes mainly from vegetables and fruits rather than animal
sources since increased chance of contracting mycoplasma
and other pathogenic species is possible. Nutrition modifies
microenvironment and cellular hygiene. Gut microbiota depends
on quality and quantity of food intake and interacts with the host.
Implantation and gestation depend on food and microbiome.
Women who had manylactobacilli had successful in vitro and in
vivo fertilization. It is known that the intrinsicmicrobiota, the
brain and gut communicate and modulate neural, hormonal
andimmunological pathways.[45, 125, 127]

Oxidative stress results in hormonal imbalance, mitochondrial
and DNA abnormalities,ageing of the ovary, dysfunction of cells,
lipid damage, protein glycosylation and enzymedysfunction.
Food intolerances promote inflammatory cycles interfering with
homeostasis and implantation. At a molecular level the food
interacts with the genome/gene expression and is implicated in
hormonal or metabolicdisorders, the body’s homeostasis. Embryo
and uterus are targets of estrogens and their metabolites. Dietary
phytoestrogens influence native estrogen actions in the uterus
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during implantation. The preparation of the female body in both
physical and assisted fertilization is important for the reduction
of miscarriages. Couples, several months before the onset of
efforts, should modify their eating habits, alcohol and caffeine
abuse, smoking, treat various hormonal disorders, infections,
exposure to toxins, diabetes, thyroid diseases, polycystic ovary
syndrome.[40, 41, 85]

Diet seems to affect all implants whether they are in uterus
(embryo), in the atheromatic plaque (stents, microbes), artificial
dental /orthopedic/cardiological, neoplasmatic or others.

The implantation is an immune-inflammatory procedure
which is influenced by nutritional, molecular and
biochemical factors related to homeostasis.[1, 2, 10, 14, 29,
39,41,53,70, 80, 84,86,101]

Acknowledgement

Many thanks to the doctors Spyros Potamianos (director
and professor in the Department of Gastroenterology), loannis
Skoularigis (chief staff and professor of Cardiology Department),
Nikolaos Tsilimingas (director and professor of Cardiovascular
Surgery Department), Kyriakos Spiliopoulos (chief staff and
associate professor of Cardiovascular Surgery Department)
all employed in the University Hospital of Larissa at Thessaly/
Greece. Many thanks to Klea-Niki Tsantsaridis (dietitian of
dietetics and nutrition sciences department) in Harokopio
University, Athens, Greece.

Author contributions

AngelikiTsantsaridou had the idea and wrote this article. George
Valsamakis super revised this article. Olga Tsantsaridou, Spyros
Potamianos and Sophia Kalantaridou also revised the article.
Maria Asprogianni helped with the search of the literature.

References

1. Susan N Christo, Kerrilyn R Diener, Akash Bachhuka, KrasimirVasilev,
John D Hayball. Innate Immunity and Biomaterials at the Nexus:
Friends or Foes. Review. Biomed Res Int. 2015.

2. Holgers KM, Ljungh A. Cell surface characteristics of microbiological
isolates from human percutaneous titanium implants in the head and
neck. Biomaterials. 1999;20(14):1319-1326. doi: 10.1016/s0142-
9612(99)00033-2

3. Dimitriadis E, Nie G, Hannan NJ, Paiva P, Salamonsen LA. Local
regulation of implantation at the human fetal-maternal interface. Int ]
Dev Biol. 2010;54(2-3):313-322. doi: 10.1387/ijdb.082772ed

4. Salamonsen LA, Hannan NJ, Dimitriadis E. Cytokines and chemokines
during human embryo implantation: roles in implantation and early
placentation. SeminReprod Med. 2007. 25(6):437-444. doi: 10.1055/
s-2007-991041

5. Lala PK, Graham CH. Mechanisms of Trophoblast Invasiveness and
Their Control: The Role of Proteases and Protease Inhibitors. Cancer
Metastasis Rev. 1990;9(4):369-379. doi: 10.1007 /bf00049525

6. Soares M]. Embryo implantation-Coordination of Maternal and
Embryonic Adaptations. Int ] Dev Biol. 2014. 58(2-4):71-74. doi:
10.1387/ijdb.140086ms

Copyright:
©2020 Angeliki T, et al.

7. Nancy Ashary, Abhishek Tiwari, Deepak Modi. Embryo Implantation:
War in Times of Love Endocrinology. 2018; 159(2):1188-1198. doi:
10.1210/en.2017-03082

8. Paul Bischof, Irmgard Irminger-Finger. The Human Cytotrophoblastic
Cell, a Mononuclear Chameleon. Int ] Biochem Cell Biol. 2005;37(1):1-
16.doi: 10.1016/j.biocel.2004.05.014

9. André Malassiné, Laurent Cronier. Hormones and Human Trophoblast
Differentiation: A Review. Endocrine. 2002;19(1):3-11. doi: 10.1385/
ENDO:19:1:3

10.P Bischof, A Campana. Molecular Mediators of Implantation. Baillieres
Best Pract Res Clin ObstetGynaecol. 2000;14(5):801-814. doi:
10.1053/beog.2000.0120

11.Mark H Ginsberg. Integrin Activation. BMB Rep. 2014;47(12):655-
659. doi: 10.5483 /bmbrep. 2014.47.12.241.

12.Cédric Zeltz , Donald Gullberg. The Integrin-Collagen Connection--A
Glue for Tissue Repair? ] Cell Sci. 2016;129(4):653-664. do0i:10.1242/
jcs.180992

13.Youssef Derbala, HaidyElazzamy, Mahmood Bilal, Rachel Reed, Maria
Dinorah, Salazar Garcia, etc. Mast Cell-Induced Immunopathology
in Recurrent Pregnancy Losses. Am ] Immunol.

2019;82(1):e13128. doi: 10.1111/aji.1312829

14.Jana Skrzypczak ,PrzemystawWirstlein, Mateusz Mikolajczyk. Could

Reprod

the Defects in the Endometrial Extracellular Matrix During the
Implantation Be a Cause for Impaired Fertility? Am ] Reprod Immunol.
2007;57(1):40-48. doi:10.1111/j.1600-

15.0897.2006.00443.x

16.Yi-Xun Liu, Fei Gao, Peng Wei, Xin-Lei Chen, Hong-Juan Gao, Ru-
Jin Zou, et al. Involvement of Molecules Related to Angiogenesis,
Proteolysis and Apoptosis in Implantation in Rhesus Monkey

and Mouse Contraception. 2005;71(4):249-262. doi: 10.1016/j.
contraception.2004.12.008
17.Mostafa PeyvandiKarizbodagh, Bahman Rashidi, Amirhossein

Sahebkar, Aria Masoudifar, Hamed Mirzaei. Implantation Window
and Angiogenesis. ] Cell Biochem. 2017;118(12):4141-4151. doi:
10.1002/jcb.26088

18.Sarah A Robertson, Peck-Yin Chin, Joseph G Femia, Hannah M Brown.
Embryotoxic cytokines-Potential Roles in Embryo Loss and Fetal
Programming. ] Reprod Immunol. 2018;125:80-88. doi: 10.1016/j.
jri.2017.12.003

19.Mirthe H Schoots, Sanne ] Gordijn, Sicco A Scherjon, Harry van Goor,
Jan-LuukHillebrands. Oxidative Stress in Placental Pathology. Placenta.
2018;69:153-161. doi: 10.1016/j.placenta.2018.03.003

20.Inmaculada Moreno, Francisco M Codofier, Felipe Vilella, Diana
Valbuena, Juan F Martinez-Blanch, Jorge Jimenez-Almazan. Evidence
That the Endometrial Microbiota Has an Effect on Implantation
Success or Failure. Am ] Obstet Gynecol. 2016;215(6):684-703. doi:
10.1016/j.2jog.2016.09.075

21.Eleri M Jones, Christine A Cochrane, Steven L Percival. The Effect of
pH on the Extracellular Matrix and Biofilms. Adv Wound Care (New
Rochelle). 2015;4(7):431-439. d0i:10.1089/wound.2014.0538

22.Andrew L Hellewell, Josephine C Adams. Insider Trading: Extracellular
Matrix Proteins and Their Non-Canonical Intracellular Roles.
Bioessays. 2016;38(1):77-88. doi:10.1002 /bies.201500103

23.0liver Thews, Anne Riemann. Tumor pH and Metastasis: A Malignant

Citation: Georgios V, Angeliki T, Olga T, Maria A, et al. (2020). Nutritional Impact on Embryo Implantation. Review of the Literature. Page 8 of 12 IIII

J Nutrition Health Food Sci 8(2):1-12. DOI: 10.15226/jnhfs.2020.001178



Nutritional Impact on Embryo Implantation. Review of the Literature

Process Beyond Hypoxia. Cancer Metastasis Rev. 2019;38(1-2):113-
129. doi: 10.1007/s10555-018-09777-y

24.ErmalAliu, ShibaniKanungo, Georgianne L Arnold. Amino Acid
Disorders. Ann Transl Med. 2018;6(24): 471. doi: 10.21037/
atm.2018.12.12

25.Maureen M B Schulte ,Jui-he Tsai, Kelle H Moley . Obesity and PCOS:
The Effect of Metabolic Derangements on Endometrial Receptivity
at the Time of Implantation. Reprod Sci. 2015;22(1):6-14. doi:
10.1177/1933719114561552

26.Meghan L Ruebel, Brian D Piccolo, Kelly E Mercer, Lindsay Pack, Dean
Moutos, Kartik Shankar, et al. Obesity Leads to Distinct Metabolomic
Signatures in Follicular Fluid of Women Undergoing in Vitro
Fertilization. Am ] Physiol Endocrinol Metab. 2019;316(3):E383-E396.
doi:10.1152/ajpendo.00401.2018

27.Bellver ], Simén C. Implantation failure of endometrial origin: what is
new? CurrOpinObstet Gynecol. 2018;30(4):229-236. doi: 10.1097/
GC0.0000000000000468

28.Nakamura S, Sakaoka A, Ikuno E, Asou R, Shimizu D, Hagiwara H.
Optimal implantation site of transponders for identification of
experimental swine. Exp Anim. 2018;68(1):13-23. doi: 10.1538/
expanim.18-0052

29.Sheikhansari G, Soltani-Zangbar MS, Pourmoghadam Z, Kamrani
A, Azizi R, Aghebati-Maleki L, et al. Oxidative Stress, Inflammatory
Settings, and microRNA Regulation in the Recurrent Implantation
Failure Patients with Metabolic Syndrome. Am ] Reprod Immunol.
2019;82(4):13170. doi: 10.1111/aji.13170

30.Franasiak M, Scott RT. Contribution of Immunology to Implantation
Failure of Euploid Embryos. FertilSteril. 2017; 107(6):1279-1283. doi:
10.1016/j.fertnstert.2017.04.019

31.CatharynStern ,LarryChamley. Antiphospholipid Antibodies and
Coagulation Defects in Women with Implantation Failure After IVF
and Recurrent Miscarriage. Reprod Biomed Online. 2006;13(1):29-37.
doi:10.1016/s1472-6483(10)62013-5

32.Poli Mara Spritzer, Sheila BiineckerLecke, Vitor Costa Fabris,
PatriciaKlarmannZiegelmann, LivioAmaral. Blood Trace Element
Concentrations in Polycystic Ovary Syndrome: Systematic Review
and Meta-analysis. Biol Trace Elem Res. 2017;175(2):254-262. doi:
10.1007/s12011-016-0774-4

33.1 Cetin, C Berti, in the
Periconceptional Period. Hum Reprod Update. 2010;16(1):80-95.
d0i:10.1093 /humupd/dmp025

34.Bernard Aurousseau, Dominique Gruffat, Denys Durand. Gestation

S Calabrese. Role of Micronutrients

Linked Radical Oxygen Species Fluxes and Vitamins and Trace Mineral
Deficiencies in the Ruminant. ReprodNutr Dev. 2006;46(6):601-620.
doi: 10.1051/rnd:2006045

35.I M W Ebisch, CM G Thomas, WH M Peters, DD M Braat, RPM Steegers-
Theunissen. The Importance of Folate, Zinc and Antioxidants in the
Pathogenesis and Prevention of Subfertility. Hum Reprod Update.
2007;13(2):163-174. doi: 10.1093 /humupd/dml054

36.Rodrigo Valenzuela, Undurti N Das, Luis A. Videla, and Carolina G
Llorente . Nutrients and Diet: A Relationship between Oxidative Stress,
Aging, Obesity, and Related Noncommunicable Diseases. Oxid Med
Cell Longev. 2018;2018:7460453. doi: 10.1155/2018/7460453

Copyright:
©2020 Angeliki T, et al.

37.] F Argacha, T Mizukami, T Bourdrel, M-A Bind. Ecology of the
Cardiovascular System: Part II - A Focus on Non-Air Related Pollutants.
Trends Cardiovasc Med. 2019;29(5):274-282. doi: 10.1016/j.
tcm.2018.09.003

38.SilviaFuselli. Beyond Drugs: The Evolution of Genes Involved in Human
Response to Medications. Proc Biol Sci. 2019;286(1913):20191716.
doi: 10.1098/rspb.2019.1716

39.Birandra K Sinha, Ronald P Mason. Biotransformation of hydrazine
derivatives in the mechanism of toxicity. ] Drug MetabToxicol.
2014;5(3):168. doi: 10.4172/2157-7609.1000168

40.VilmosFiilop, [The
Between Processes

GaborVermes, JanosDemeter. Relationship

Inflammatory and Immunological During
Pregnancy. Practical aspects]. OrvHetil. 2019;160(32):1247-1259.
doi:10.1556/650.2019.31448

41.Marta Conde-Sieira, José L Soengas. Nutrient Sensing Systems in Fish:
Impact on Food Intake Regulation and Energy Homeostasis. Front
Neurosci. 2017;10:603. doi: 10.3389/fnins.2016.00603

42.Stephen C Woods and Douglas S. Ramsay. Food Intake, Metabolism
and Homeostasis. PhysiolBehav. 2011;104(1):4-7. doi: 10.1016/j.
physbeh.2011.04.026

43.James M Baker, LaylaAl-Nakkash, Melissa M Herbst-Kralovetz.
Estrogen-gut Microbiome Axis: Physiological and Clinical Implications
Maturitas. 2017;103:45-53. doi: 10.1016/j.maturitas.2017.06.025

44.Na Shi, Na Li, XinwangDuan, HaitaoNiu. Interaction Between the Gut
Microbiome and Mucosal Immune System Mil Med Res. 2017;4:14.
doi:10.1186/s40779-017-0122-9

45.Kho ZY, Lal SK. The Human Gut Microbiome - A Potential Controller of
Wellness and Disease. Front Microbiol. 2018;9:1835. d oi
10.3389/fmicb.2018.01835

46.Marilen Benner, GerbenFerwerda , Irma Joosten , Renate G van der
Molen . How Uterine Microbiota Might Be Responsible for a Receptive,
Fertile Endometrium. 2018;24(4):393-415. Hum Reprod Update doi:
10.1093/humupd/dmy012

47.0livierSandra. Hormonal control of implantation. Ann Endocrinol
(Paris) 2016;77(2):63-66. doi: 10.1016/j.and0.2016.04.013

48.Zohni KM, Gat I, Librach C. Recurrent implantation failure: a
comprehensive review. Minerva Gynecol. 2016;68(6):653-667.

49.Konstantinos  Palikaras, NektariosTavernarakis. Mitochondrial

Homeostasis: The Interplay Between Mitophagy and Mitochondrial

Biogenesis. Exp Gerontol. 2014;56:182-188. doi: 10.1016/j.
exger.2014.01.021

50.Feres José MocayarMarén, Leon Ferder, Fernando Daniel Saravi,
Walter Manucha. Hypertension Linked to Allostatic Load: From
Psychosocial Stress to Inflammation and Mitochondrial Dysfunction
Stress. 2019;22(2):169-181. doi: 10.1080/10253890.2018.1542683

51.ShinjiKume ,DaisukeKoya , TakashiUzu , HiroshiMaegawa. Role of
Nutrient-Sensing Signals in the Pathogenesis of Diabetic Nephropathy.
Curr Diab Rep. 2017;17(7):53. doi: 10.1007/s11892-017-0879-y

52.PaulFein, VenkataSuda,

AnastasyaButikis, BettyMatza, et al. Relationship of Serum Magnesium

CezaryBorawsky, HiteshKapupara,
to Body Composition and Inflammation in Peritoneal Dialysis Patients.
Adv Perit Dial. 2010;26:112-115.

53.M F Holick, Calcium and Vitamin D. Diagnostics and Therapeutics. Clin
Lab Med. 2000;20(3):569-590.

Citation: Georgios V, Angeliki T, Olga T, Maria A, et al. (2020). Nutritional Impact on Embryo Implantation. Review of the Literature. Page 9 of 12 IIII

J Nutrition Health Food Sci 8(2):1-12. DOI: 10.15226/jnhfs.2020.001178



Nutritional Impact on Embryo Implantation. Review of the Literature

54.BriciaLopezPlaza, LauraMariaBermejoLo6pez. [Nutrition and Immune
System Disorders]. Nutr Hosp. 2017;34(Suppl 4):68-71. doi:
10.20960/nh.1575

55.Christoph A Thaiss, NivZmora 1 2 3, Maayan Levy 1, Eran Elinav 1. The
Microbiome and Innate Immunity. Nature. 2016;535(7610):65-74.
doi: 10.1038/nature18847

56.Dianawati, P  Shah.

Microencapsulated Probiotic Bacteria After Processing and During

Storage: A Review. Crit Rev Food Sci Nutr. 2016;56(10):1685-716. doi:

10.1080/10408398.2013.798779

57.A P van Wezel, AOpperhuizen. Narcosis Due to Environmental

Vijay Mishra, Nagendra Survival of

Pollutants in Aquatic Organisms: Residue-Based Toxicity, Mechanisms,
and Membrane Burdens. Crit Rev Toxicol. 1995;25(3):255-279. doi:
10.3109/10408449509089890

58.0 A Cowan. Stability and Function
in Aqueous and Organic Solvents. Comp BiochemPhysiol A
Physiol.1997;118(3):429-438.d0i:10.1016/s03009629(97)00004-2.
PMID: 9406427.

59.Smith MK, George EL, Zenick H, Manson JM, Stober JA. Developmental
toxicity

Thermophilic Proteins:

of halogenated acetonitriles: drinking water by-
products of chlorine disinfection. Toxicology. 1987;46(1):83-93.
doi:10.1016,/0300-483X(87)90140-5.
60.Souvik Pal, Subhankar Mukherjee,

Microorganism and Agricultural

Nabarun Bhattacharyya.

Based Biosorbents Towards
Removal of Cadmium from Waste-Water: An Overview. Recent Pat
Biotechnol.2017;11(3):204-217.d0i:10.2174/187220831166617022
012 1535.

61.Carolina S Machado, Brisa M Fregonesi, Renato I S Alves, Karina
A ATonani, Jordi Sierra, Bruno S Martinis, et al. Health Risks of
Environmental Exposure to Metals and Herbicides in the Pardo River,
Brazil. Environ Sci Pollut Res Int. 2017;24(25):20160-20172. doi:
10.1007/s11356-017-9461-z.

62.Adriane PerachiNordin, Juliana da Silva, Claudia Telles de Souza, Liana
A B Niekraszewicz, JohnnyFerrazDias, KatiadaBoit, et al. In Vitro
Genotoxic Effect of Secondary Minerals Crystallized in Rocks From
Coal Mine Drainage ] Hazard Mater. 2018;346:263-272.doi: 10.1016/j.
jhazmat.2017.12.026.

63.Ana Leticia Hilario Garcia, Cristina Araujo Matzenbacher, Marcela
Silva Santos, LismarePrad, Jaqueline Nascimento Picada, Suziane M
Premolj, et al. Genotoxicity Induced by Water and Sediment Samples
From a River Under the Influence of Brewery Effluent. Chemosphere.
2017;169:239-248.doi: 10.1016/j.chemosphere.2016.11.081.

64.P D Johnson, B V Dawson, S ] Goldberg. Cardiac Teratogenicity of
Trichloroethylene Metabolites. ] Am Coll
Cardiol.1998;32(2):540-545.doi: 10.1016/s0735-1097(98)00232-0.

65.C Lesieur, B Vécsey-Semjén, L Abrami, M Fivaz, F GisouvanderGoot.
Membrane Insertion: The Strategies of Toxins (Review). Mol Membr
Bi0l.1997;14(2):45-64.doi: 10.3109/09687689709068435.

66.Berger RG, Hancock T, deCatanzaro D. Influence of oral and
subcutaneous bisphenol-A on intrauterine implantation of fertilized
ova in inseminated female mice. ReprodToxicol. 2007;23(2):138-144.
doi: 10.1016/j.reprotox.2006.09.005.

67.Umar Wazir and KefahMokbel. Bisphenol A: A Concise Review of
Literature and a Discussion of Health and Regulatory Implications. In

Copyright:
©2020 Angeliki T, et al.

Vivo.2019;33(5):1421-1423.doi: 10.21873/invivo.11619.

68.Qian ], Chen Q, Ward SM, Duan E, Zhang Y. Impacts of Caffeine during
Pregnancy. Trends Endocrinol Metab. 2020;31(3):218-227. doi:
10.1016/j.tem.2019.11.004.

69.Yeh JK, Aloia JF, Semla HM, Chen SY. Influence of injected caffeine on
the metabolism of calcium and the retention and excretion of sodium,
potassium, phosphorus, magnesium, zinc and copper in rats. ] Nutr.
1986;116(2):273-280.d0i:10.1093/jn/116.2.273.

70.L K Law, P P Tam, H W Yeung. Effects of Alpha-Trichosanthin and
Alpha-Momorcharin on the Development of Peri-Implantation
Mouse Embryos. ] ReprodFertil. 1983;69(2):597-604.doi: 10.1530/
jrf.0.0690597.

71.Yan Xia, Panyu Zhou, Fei Wang, Chao Qiu, Panfeng Wang, Yuntong
Zhang, et al. Degradability, Biocompatibility, and Osteogenesis of
Biocomposite Scaffolds Containing Nano Magnesium Phosphate and
Wheat Protein Both in Vitro and in Vivo for Bone Regeneration. Int |
Nanomedicine. 2016;11:3435-3449.doi:10.2147 /JN.S105645.

72.C Romay, N Leddn, R Gonzalez. Further Studies on Anti-Inflammatory
Activity of Phycocyanin in Some Animal Models of Inflammation.
Inflamm Res. 1998;47(8):334-338.d0i:10.1007 /s000110050338.

73.M B Nordeide, A Hatlgy, M Fglling, E Lied, AOshaug. Nutrient
Composition and Nutritional Importance of Green Leaves and Wild
Food Resources in an Agricultural District, Koutiala, in Southern
Mali. Int ] Food Sci Nutr. 1996;47(6):455-468.d0i:10.3109/09637
489609031874

74.Shivappa, Hebert JR, Marcos A, Diaz E, Gomez S, Nova E, et al.
Association between dietary inflammatory index and inflammatory
markers in the HELENA study. Mol Nutr Food Res.2017;61(6):doi:
10.1002/mnfr.201600707.

75.Bazer FW, Johnson GA, Wu G. Amino acids and conceptus development
during the peri-implantation period of pregnancy. Adv Exp Med Biol.
2015;843:23-52.doi: 10.1007/978-1-4939-2480-6_2.

76.Dai Z, Wu Z, Hang S, Zhu W, Wu G. Amino acid metabolism in intestinal
bacteria and its potential implications for mammalian reproduction.
Mol Hum Reprod. 2015;21(5):389-409.d0i:10.1093 /molehr/gav003.

77.A Whyte and T Robson. Saccharides Localized by Fluorescent Lectins
on Trophectoderm and Endometrium Prior to Implantation in Pigs,
Sheep and Equids. Placenta.1984;5(6):533-540.d0i:10.1016/s0143-
4004(84)80007-7.

78.Y-L Jiang and Z-P Liu. Natural Products as Anti-Invasive and Anti-
Metastatic Agents. Curr Med Chem. 2011;18(6):808-829.doi:
10.2174/092986711794927711.

79.Gillian Barbara Dealtry and Martin Howard Sellens. Lectin Receptors
on the Peri- And Early Post-Implantation Mouse Embryo. Rouxs Arch
Dev Biol.1987;196(1):59-65.doi: 10.1007/BF00376022.

80.S ] Kimber. Distribution of Lectin Receptors in Postimplantation Mouse
Embryos at 6-8 Days Gestation. Am ] Anat.1986;177(2):203-219.doi:
10.1002/aja.1001770207.

81.L C Giudice. Potential Biochemical Markers of Uterine Receptivity. Hum
Reprod. 1999;14 Suppl 2:3-16.d0i:10.1093 /humrep/14. Suppl_2.3.
82.F Poirier and S Kimber. Cell Surface Carbohydrates and Lectins in Early
Development. Mol Hum Reprod.1997;3(10):907-918. doi:10.1093/

molehr/3.10.907.

83.Arthur S Agatston. The End of the Diet Debates? All Fats and Carbs

Citation: Georgios V, Angeliki T, Olga T, Maria A, et al. (2020). Nutritional Impact on Embryo Implantation. Review of the Literature. [REEENIROEY] IIII

J Nutrition Health Food Sci 8(2):1-12. DOI: 10.15226/jnhfs.2020.001178



Nutritional Impact on Embryo Implantation. Review of the Literature

Are Not Created Equal. Cleve Clin ] Med. 2005;72(10):946-950.
do0i:10.3949/ccjm.72.10.946.

84.].E. Chavarro, ].W. Rich-Edwards, B. Rosner, W.C. Willett. A prospective
study of dairy foods intake and anovulatory infertility. Human
Reproduction.2007;22(5):1340-1347.d0i:10.1093 /humrep/dem019.

85.Singh K, Rao ], Afsheen T, Tiwari B. Survival rate of dental implant
placement by conventional or flapless surgery in controlled type
2 diabetes mellitus patients: A systematic review. Indian ] Dent
Res.2019;30(4):600-611.d0i:10.4103/ijdr.IJDR_606_17.

86.Silva T, Jesus M, Cagigal C, Silva C. Food with Influence in the Sexual and
Reproductive Health. Curr Pharm Biotechnol.2019;20(2):1 14-122.doi
:10.2174/1389201019666180925140400.

87.Dundar S, Bozoglan A, Bulmus O, Tekin S, Yildirim TT, Kirtay M, et
al. Effects of restraint stress and high-fat diet on osseointegration of
titanium implants: an experimental study. Braz Oral Res. 2020;34:e008.
doi:10.1590/1807-3107bor-2020.vol34.0008.

88.Gailly-Fabre E, Kerlan V, Christin-Maitre S. [Pregnancy-associated
hormones and fetal-maternal relations]. Ann Endocrinol (Paris).
2015;76(6 Suppl 1):S39-550.d0i:10.1016/S0003-4266(16)30006-3.

89.Shahnazi M, Mohammadi M, Mohaddes G, Latifi Z, Ghasemnejad T,
Nouri M, et al. Dietary omega-3 and -6 fatty acids affect the expression
of prostaglandin E2 synthesis enzymes and receptors in mice uteri
during the window of pre-implantation. BiochemBiophys Res
Commun. 2018;503(3):1754-1760.doi:10.1016/j.bbrc.2018.07.109.

90.Chiu YH, Karmon AE, Gaskins A], Arvizu M, Williams PL, Souter I, et
al. Serum omega-3 fatty acids and treatment outcomes among women
undergoing assisted reproduction. Hum Reprod. 2018;33(1):156-165.
doi: 10.1093 /humrep/dex335.

91.L Rojas de Astudillo], I Chang Yen, I Bekele. Heavy Metals in Sediments,
Mussels and Oysters From Trinidad and Venezuela. Rev Biol Trop.
2005;53 Suppl 1:41-53.

92.José L Domingo, Ana Bocio, RoserMarti-Cid, Juan M Llobet. Benefits
and Risks of Fish Consumption Part II. RIBEPEIX, a Computer Program
to Optimize the Balance Between the Intake of omega-3 Fatty Acids
and Chemical Contaminants. Toxicology.2007;230(2-3):227-233.
doi:10.1016/j.tox.2006.11.059.

93.Handl ], Meloun M, Muzakova V. Inflammatory markers in dependence
on the plasma concentration of 37 fatty acids after the coronary stent
implantation.] Pharm Biomed Anal.2018;149:96-105.doi:10.1016/j.
jpba.2017.10.033.

94.Muzéakova V, Meloun M, Jindrova A, CeganA. The effect of fatty acids in
red blood cell membranes on the dynamics of inflammatory markers
following the coronary stent implantation. ] Pharm Biomed An
.2019;166:310-325.doi: 10.1016/j.jpba.2019.01.002.

95.R G Sturmey, A Reis, H ] Leese, T G McEvoy. Role of Fatty Acids in
Energy Provision During Oocyte Maturation and Early Embryo
Development. ReprodDomest Anim. 2009;44 Suppl 3:50-58.
doi:10.1111/j.14390531.2009.01402.x.

96.Alka Rani, Nisha Wadhwani, PreetiChavan-Gautam, Sadhana Joshi.
Altered Development and Function of the Placental Regions in
Preeclampsia and Its Association with Long-Chain Polyunsaturated
Fatty Acids. Wiley Interdiscip Rev Dev Biol. 2016;5(5):582-597. doi:
10.1002/wdev.238.

97.Pate RT and Cardoso FC. Injectable trace minerals (selenium, copper,

Copyright:
©2020 Angeliki T, et al.

zinc, and manganese) alleviate inflammation and oxidative stress
during an aflatoxin challenge in lactating multiparous Holstein cows. ]
Dairy Sci.2018;101(9):8532-8543.d0i:10.3168/jds.20 18-14447.

98.Aune D, Giovannucci E, Boffetta P, Fadnes LT, Keum N, Norat T, et al.
Fruit and vegetable intake and the risk of cardiovascular disease,
total cancer and all-cause mortality-a systematic review and dose-
response meta-analysis of prospective studies. Int ] Epidemiol.
2017;46(3):1029-1056.d0i:10.1093/ije/dyw319.

99.Aquino-Martinez R, Monroe DG, Ventura F. Calcium mimics the
chemotactic effect of conditioned media and is an effective inducer
of bone regeneration. PLoS One. 2019;14(1):e0210301.d0i:10.1371/
journal.pone.0210301.

100. Sadigh AR, Mihanfar A, Fattahi A, Latifi Z, Akbarzadeh M, Hajipour
H, et al. S100 protein family and embryo implantation. ] Cell Biochem.
2019;120(12):19229-19244.d0i:10.1002/jcb.29261.

101. No authors listed. What you need to know about: calcium
supplements. Calcium is most effective when it comes from the food
you eat. Use our guide to identify convenient sources. Harv Health
Lett. 2013;38(8):7.

102. Costantino MD, Schuster A, Helmholz H, Meyer-Rachner A,
Willumeit-Romer R, Luthringer-Feyerabend BJC. Inflammatory
response to magnesium-based biodegradable implant materials. Acta
Biomater. 2020;101:598-608. doi: 10.1016/j.actbio.2019.10.014

103. Belluci MM, Giro G, Del Barrio RAL, Pereira RMR, Marcantonio
E Jr, Orrico SRP. Effects of magnesium intake deficiency on bone
metabolism and bone tissue around osseointegrated implants.
Clin Oral Implants Res. 2011;22(7):716-721. doi: 10.1111/j.1600-
0501.2010.02046.x

104. Tsao YT, Shih YY, Liu YA, Liu YS, Lee OK. Knockdown of SLC41A1
magnesium transporter promotes mineralization and attenuates
magnesium inhibition during osteogenesis of mesenchymal stromal
cells. Stem Cell Res Ther. 2017;8(1):39. doi: 10.1186/s13287-017-
0497-2

105. Ikemoto Y, Kuroda K, Nakagawa K, Ochiai A, Ozaki R, et al. Vitamin
D Regulates Maternal T-Helper Cytokine Production in Infertile
Women. Nutrients. 2018;10(7):902. doi: 10.3390/nu10070902

106.  Nema ], Sundrani D, Joshi S. Role of vitamin D in influencing
angiogenesis in preeclampsia. Hypertens Pregnancy. 2019;38(4):201-
207.doi: 10.1080/10641955.2019.1647231

107.  Asgary S, Rastqar A, Keshvari M. Weight Loss Associated With
Consumption of Apples: A Review. JAmCollNutr. 2018;37(7):627-639.
doi: 10.1080/07315724.2018.1447411

108.  Pu H, Huang Z, Sun DW, Fu H. Recent advances in the detection
of 17B-estradiol in food matrices: A review. Crit Rev Food SciNutr
2019;59(13):2144-2157. doi: 10.1080/10408398.2019.1611539

109. Yamamoto A, Harris HR, Vitonis AF, Chavarro JE, Missmer
SA. A prospective cohort study of meat and fish consumption and
endometriosis risk. Am ] ObstetGynecol. 2018;219(2):178.e1-178.
e10. doi: 10.1016/j.2jog.2018.05.034

110.  Stephany RW. Hormones in meat: different approaches in the
EU and in the USA. APMIS Suppl. 2001;(103):S357-S363; discussion
S363-S364.

111. Beaton EA, deCatanzaro D. Novel males’ capacity to disrupt early
pregnancy in mice (Mus musculus) is attenuated viaa chronicreduction

Citation: Georgios V, Angeliki T, Olga T, Maria A, et al. (2020). Nutritional Impact on Embryo Implantation. Review of the Literature. [REEENENOEY] IIII

J Nutrition Health Food Sci 8(2):1-12. DOI: 10.15226/jnhfs.2020.001178



Nutritional Impact on Embryo Implantation. Review of the Literature

of males’” urinary 17beta-estradiol.
2005;30(7):688-697.

112.  AngelikiTsantsaridou, Vissarion - Panagiotis Papathanasiou,

Psychoneuroendocrinology.

GerasimosDimisianos. Association of food intolerance with coronary
artery disease. Journal of Food and Nutrition Research. 2019;7(1):71-
81.doi:10.12691/jfnr-7-1-9

113.  AngelikiTsantsaridou, Olga Tsantsaridou, Maria Asprogianni,
Sophia Kalantaridou, Georgios Valsamakis. Participation of banana
intolerance in atherosclerosis. Review of the literature. Journal of
Nutritional Health & Food Sciences. 2020;8(1):1-10. doi: 10.15226/
jnhfs.2020.001173

114. Lindquist LW. Prosthetic rehabilitation of the edentulous
mandible. A longitudinal study of treatment with tissue-integrated
fixed prostheses. Swed Dent ] Suppl. 1987;48:1-39.

115. Agrawal MK, Jaiswal

induced modulation in the expression of progesterone receptor and

V, Jaiswal YK. Lipopolysaccharide-
estradiol receptor leads to early pregnancy loss in mouse. Zygote.
2013;21(4):337-344. doi: 10.1017/S0967199412000330

116. Akira Okano, Hidehiko Ogawa, Hitomi Takahashi, Masaya Geshi.
Apoptosis in the Porcine Uterine Endometrium During the Estrous
Cycle, Early Pregnancy and Post Partum. ] Reprod Dev.2007;53(4):923-
30. doi: 10.1262/jrd.18139

117. Xylia P, Botsaris G, Chrysargyris A, Skandamis P, Tzortzakis N.
Variation of microbial load and biochemical activity of ready-to-eat
salads in Cyprus as affected by vegetable type, season, and producer.
Food Microbiol. 2019;83:200-210. doi: 10.1016/j.fm.2019.05.013

118. Kamboh AA, Memon AM, Mughal M], Memon ], Bakhetgul M.
Dietary effects of soy and citrus flavonoid on antioxidation and
microbial quality of meat in broilers. ] AnimPhysiolAnimNutr(Berl).
2018;102(1):235-240. doi: 10.1111/jpn.12683

1109. Yu Q Li Y, Wu B, Hu W, He M, Hu G. Novel mutagenesis and
screening technologies for food microorganisms: advances and
prospects. Appl Microbiol Biotechnol. 2020;104(4):1517-1531. doi:
10.1007/s00253-019-10341-z

120. Parker AM, Sheehy PA, Hazelton MS, Bosward KL, House JK.
A review of mycoplasma diagnostics in cattle. ] Vet Intern Med.
2018;32(3):1241-1252. doi: 10.1111/jvim.15135

Copyright:
©2020 Angeliki T, et al.

121. Rosales RS, Puleio R, Loria GR, Catania S, Nicholas RA]J.
Mycoplasmas: Brain invaders? Res Vet Sci. 2017;113:56-61. doi:
10.1016/j.rvsc.2017.09.006

122. Cicinelli E, Matteo M, Tinelli R, Lepera A, Alfonso R, Indraccolo
U. Prevalence of chronic endometritis in repeated unexplained
implantation failure and the IVF success rate after antibiotic therapy.
Hum Reprod. 2015;30(2):323-330. doi: 10.1093 /humrep/deu292

123. Makabe K, Sugita S, Hono A, Kamao H, Takahashi M. Mycoplasma
Ocular Infection in Subretinal Graft Transplantation of iPS Cells-
Derived Retinal Pigment Epithelial Cells. Invest Ophthalmol Vis Sci.
2019;60(5):1298-1308. doi: 10.1167 /iovs.18-26222

124. Moreno I, Cicinelli E, Garcia-Grau I, Gonzalez-Monfort M,
Bau D, Vilella F et al. The diagnosis of chronic endometritis in
infertile asymptomatic women: a comparative study of histology,
microbial cultures, hysteroscopy, and molecular microbiology. Am
] ObstetGynecol. 2018;218(6):602.e1-602.e16. doi: 10.1016/j.
2jog.2018.02.012

125. Paplinska-Goryca M, Rubinsztajn R, Nejman-Gryz P, Przybytowski
T, Krenke R, et al. The association between serological features of
chronic Chlamydia pneumoniae infection and markers of systemic
inflammation and nutrition in COPD patients. Scand ] clin Lab Invest.
2017;77(8):644-650. doi: 10.1080/00365513.2017.1393694

126.  Kolatorova L, Lap¢ik O, Starka L. Phytoestrogens and the
intestinal microbiome. Physiol Res. 2018;67(Suppl 3):5401-5408. doi:
10.33549/physiolres.934022

127. Gibson GR, Roberfroid MB. Dietary modulation of the human
colonic microbiota: introducing the concept of prebiotics. ] Nutr.
1995;125(6):1401-1412.

128. Baothman OA, Zamzami MA, Taher I, Abubaker ], Abu-Farha M.
The role of Gut Microbiota in the development of obesity and Diabetes.
Lipids Health Dis. 2016;15:108. doi: 10.1186/s12944-016-0278-4

129. Rondanelli M, Faliva MA, Miccono A, Naso M, Nichetti M, Riva
A. Food pyramid for subjects with chronic pain: foods and dietary
constituents as anti-inflammatory and antioxidant agents. Nutr Res
Rev. 2018;31(1):131-151. doi: 10.1017/S0954422417000270

130.  Alexa Serino and Gloria Salazar. Protective Role of Polyphenols
against Vascular Inflammation, Aging and Cardiovascular Disease.
Nutrients. 2018;11(1):53. doi: 10.3390/nu11010053

Citation: Georgios V, Angeliki T, Olga T, Maria A, et al. (2020). Nutritional Impact on Embryo Implantation. Review of the Literature. [REEENVAOEY IIII

J Nutrition Health Food Sci 8(2):1-12. DOI: 10.15226/jnhfs.2020.001178



