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Many people always talk about what characteristics a scientist should have, in my opinion,
a scientist is like a child, a person whose creativity is always active and lives rediscovering
the world, paying attention to small details that seem invisible to others but that become
so important for ending changing the reality we know. Scientists are critical and perseve-
ring, and although many think that we are only locked up in the laboratory, the scientist is
the friendliest being that many can meet because he understands from his humility that he
must form giant teams and networks so that science fulfills its objective. Scientists in this

special edition of the journal have those characteristics.

The importance of networks and interaction in science is vital to continue in the scien-
tific advance, that was something that I confirmed making this edition. Being in the
preparation of this journal as an invited editor lets me have contact with talented scien-
tists. I feel so proud to see in this edition quality research from different parts of Latin
America, giving us an idea of the potential of the region. All authors in this number are

admirable scientists.

In my doctoral training, I learned to face failure, value small achievements, and not stop
dreaming. I learned in the classes to see the neurosciences in another way, I understood
that beyond knowing a lot about a subject, you must love it to break down the aspects con-
cerning it thoroughly that you are investigating so as not to lose love for what you do. Then
I remembered the importance of working for science in the dissemination of knowledge.

It's an honor to be part of this journal and continue with the legacy of my mentors.

Enjoy this special number with amazing research from scientists in Mexico, Colombia,
and Peru who work every day on solutions in microbiology, public health, critical medi-
cine, and cancer research. Latin America is full of talent and has the potential to grow in
science. I appreciate so much the opportunity to work with my research network and give
you excellent articles that the editorial board chose after an exhaustive process looking

forward to the quality and innovation.
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Review article

Chemodrug resistance: Cancer’s fight for survival

Jafet Alcantara Colin', Antonio Sandoval Cabrera?3, Daniel Alejandro Martinez Quintero 2,
Jonnathan Guadalupe Santillan Benitez*

Abstract

Introduction. Chemoresistance is a multifactorial phenomenon implicated in all failed
therapies and accounts for 90% of all cancer deaths and 30% of relapses. Objective. To
understand the genetic mechanisms by which cancer cells acquire resistance to chemo
drugs. Methodology. A non-systematic review study was carried out, in which genes and
proteins involved in chemoresistance were searched using the terms “Cancer Drug resis-
tance [Title/Abstract]”. From the articles obtained, highly involved genes, emerging genes,
and proteins related to resistance were recognized. To obtain more specific information
about genes, their interactions, and proteins associated with metabolism, the tools “The
Human Protein Atlas”, “STRING CONSORTIUM 2022, and The Small Molecule Pa-
thway Database were used for their review. Results. From this review it was found that
there are genes highly related to resistance such as: ABCA3, ABCB1, ABCB2, ABCCI,
ABCC2, ABCG2, CYP2D6, CYP3A4, GSTAI. Recently recognised genes such as: FOXO3,
FOXM]I, Skp2, Snail, Twistl, ZEBI and SLCO1B3. Conclusions. It is necessary to taking
account new approaches related to cancer treatments considering chemoresistence and the

genes related to the resistence.
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Introduction

In 2020, cancer was the leading cause of
death worldwide, with close to 10 million
deaths, with lung cancer being cancer
with the highest incidence in men, with
31.5 cases per 100,000 men worldwide.
breast cancer in women with 47.8 cases per
100,000 women, and leukemia in children
under 19 years of age had 3.2 new cases
per 100,000 individuals (1). According to a
2020 study by Bukowski k. ez a/ ., estimate
that at least 90% of cancer deaths are due
to patients’ resistance to treatment (2).
It is estimated that by 2040, there will
be 26 million new cancer cases worldwi-
de, and approximately 15 million patients
will require chemotherapy (3). Therefo-
re, it is essential to have more effective
treatments against cancer, in which new
approaches are considered that adopt the
influence that chemoresistance can have
and how it affects the success of therapy

against this disease.

Chemoresistance occurs when cancer cells
are motre tolerant to treatment; with the
outcome of therapeutic losses effect. The
bases of chemoresistance lies in different
molecular mechanisms, one of the well
described is the efflux pumps correspon-
ding to the family of ATP-Binding Cassette
(ABC) genes. These genes codify for ABC
proteins wich transports small molecules,
including chemo drugs, outside the mem-

brane. Other of the main mechanisms is

drug metabolizm through to the cytochro-
me p450 (CYP450) superfamily. (4,5).

Recently, cancer treatments have been ba-
sed on the administration of regimes of
more than two drugs at long-term and high
doses. The drawback of the long and in-
tensive treatments is the possibility of ac-
quire treatment resistance, resulting in
a higher mortality rate and cancer relapses.
The focus of this review is to understand
how cancer cells acquire resistance to che-

mopharmaceuticals.
Methodology

In order to retrieve the most relevant in-
formation related to the subject, the Natio-
nal Center for Biotechnology Information
(NCBI) database, The Human Protein At-
las ( https://www.proteinatlas.org/ ) and
STRING CONSORTIUM 2022 were used.
(https://string-db.org/ ).

To obtain information related to the his-
tory of chemoresistance, we searched
for the PubMed.gov search engine ( ht-
tps://pubmed.ncbi.nlm.nih.gov/ ), using
the words “Drug resistance”, we further
analyzed detailed the oldest articles that
the search yielded, also in this section the
Google Scholar search engine was used
to search information related to Dr. Paul
Ehrlich, the information was acquired ac-
cording to the interest of continuing to
search for relevant ideas at the beginning

of the resistance to drugs.
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For the rest of the sections, the PubMed.
gov search engine was used by introducing
the word “Cancer Drug resistance |[Tit-
le/Abstract]”, these were limited to their
appearance in the title and abstract, thus
obtaining 1,042 results. , then they were
filtered as follows: in text availability, free
and complete texts were selected; In type
of article, review, books, and documents
were selected; On the date of publication,
the years 2017 to 2022 were selected, ob-
taining 198 results. We applied additional
filters to these results: only in humans and
English as a language, getting 69 results.
The information of the articles related only
to cancer in general and not to other disea-
ses or any type of article was acquired, thus

obtaining a total of 306 articles.

To search for information related to che-
mopharmaceuticals, the name of the che-
mopharmaceuticals was introduced in the
search engine, and the articles related to it

were selected.
Cell location

Protein visualization at the cellular level was
performed using The Human Protein Atlas

database ( https://www.proteinatlas.org/ ).
Drug metabolic pathways

Enzymes retaled to metabolizm of each
drug were obtained from The Small Mo-
lecule Pathway Database (SMPDB; https://
smpdb.ca/). A total of 11 meatabolic pa-

thway related to anticancer drugs and para-

cetamol were obtained.

History of resistance to chemo
pharmaceuticals

The meaning of “drug resistance” could
be analyzed in two concepts. In one way
the term “drug”, refers to a set of molecu-
les that help treat a disease or condition;
the drug is made up of the active mole-
cule or ingredient and a presumably inert
excipient. In the other way “resistance”
is associated with the property of tolera-
ting conditions outside the optimal opera-
ting range. Collectively, drug resistance is
when cancer cells or microorganisms, do
not respond to a drug that usually weakens
or destroys them. Drug resistance occurs
before, during, or after administering the

treatment (0)

The origin of drug resistance is not com-
pletely clear, however, we can dated its
beginnings with the contributions of the
German beginning with the contributions
of the German doctor and bacteriologist,
Paul Ehrlich, who was awarded the Nobel
Prize in medicine in 1908. In addition to
his contributions in the discovery of ars-
phenamine, the first effective medicinal
treatment against syphilis, in 1878 he pu-
blished the theory of selective toxicity, in
which Paul Ehrlich mentions that staining
is selective of biological tissues, due to spe-

cific chemical characteristics of cells and
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in 1906 he coined the term chemotherapy
(7-9). Later in 1916, the scientist Seinai
Akatsu of the Rockefeller Institute publi-
shed an article entitled “The drug-fastness
of spirochetes to arsenic, mercurial, and io-
dide compounds iz vitro , in which he des-
cribed the following: “it has been known
for some time While in trypanosomiasis,
trypanosomes that have survived the first
effect of an arsenic germicide, such as
atoxyl or arsacetin, offer greater resistance
to a subsequent dose of the same drug” ,

with the latter we can say that knowledge

“The drug-fastness
of spirochetes to
arsenic, mercurial,

of the effect (10)of drug resistance is more
than 100 years old, remembering that the
first treatments against different diseases
date from the use of medicinal compounds
after the contributions of Paul Ehrlich. An
important event of the last century was the
establishment of the Hel.a cell line derived
from a squamous cell carcinoma of the cer-
vix, being the first cancer cells that have
contributed to the pharmacological study
of chemical compounds, despite this, today
the chemoresistance continues to affect the

efficacy of drug treatments (7,11-14).

Establishment of
the Hela cell line

Knowledge of
biopharmaceuticals

and iodide
compounds in vitro”,
The problem of New
Concept of Treatment of drug resistance in approaches
chemotherapy cancer using cancer in cancer
U;e_ of I Theory chemical chemotherapy therapies
traditional
medicine of Sass
selective
toxicity
v v v

| | | | | | | | | | | | | | | |

17thcentury< 1878 1906 1916 1951 1956 1997 2015

Created in BioRender.com bio

Figure 1. Chemoresistance time line.

Chemopharmaceuticals and their
resistance mechanism

Cancer treatments are based on the admi-
nistration of multidrugs (4 to 6) at diffe-
rent concentrations, which are selectively
directed for different molecular targets;

the drugs are employed depending on the

severity and the stage of the disease, for
example, treatments for acute lympho-
blastic leukemia consist of a combination
of genotoxic drugs, antimetabolites, mito-
tic spindle inhibitors, and glucocorticoids
(GCs) (15). Treatments usually consist of
three phases: Remission induction; Conso-

lidation/intensification, maintenance (16).
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There are different chemo pharmaceuti-
cals, which can be classified depending on
the molecular target; among these, we have:
alkylating agents such as oxazsafosforinas,
nitrogen mustards, hydrazine, platinum-ba-
sed agents, there are also antimetabolite
agents such as pyrimidine antagonists, anta-
gonists of purines, purine analogs, antifola-
tes, and ribonucleotide reductase inhibitors.
There are some spindle inhibitors like taxa-
ne and some vinca alkaloids, there are also

topoisomerase I and II inhibitors (2).

One of the most used chemopharmaceuti-
cals is doxorubicin (Dox), it is an antibio-
tic belonging to the anthracycline family,
extracted from the bacterium Streptomyces
peucetius , the use of Dox as a drug against
cancer was started in the fifthys years. Dox
is a DNA intercalator, by being located be-
tween the DNA chain, it prevents the to-
poisomerase 11 enzyme from carrying out
replication, making in the first instance
that the cancer cell cannot replicate and
in turn, prevents the transcription of ge-
nes necessary for the cell, for this reason,
the cancer cell dies. Despite its efficiency
in treating solid and blood tumors, it has
been seen that patients acquire resistance
against the drug, and it has also been as-
sociated with hepatic, renal, and cardiac
cytotoxicity (5,17). Another drug widely
used in cancer is tamoxifen; this chemo
pharmaceutical is a selective modulator of
the non-steroidal antineoplastic estrogen

receptor. Tamoxifen competitively inhi-

bits estradiol by binding to estrogen re-
ceptors, thus, preventing, thus preventing
the receptor from binding to the estrogen
response element in DNA. The result is a
reduction in DNA synthesis and the ce-
llular response to estrogen (18). However,
drug resistance to tamoxifen is also known
to exist (17,19). Cisplatin is an antitumor
drug widely used to treat various types of
cancer. Despite its remarkable efficacy,
most tumors show intrinsic or acquired
resistance to this drug. The main biolo-
gical target of cisplatin is genomic DNA,
causing many DNA lesions that block

transcription and replication (17,20).

Resistance to chemotherapeutics is on the
rise, with more and more individuals with
resistance profiles to different drugs, ma-

king cancer therapies inefficient (21).

Before understanding the mechanisms by
which cancer cells develop resistance to
chemopharmaceuticals, it is necessary to
understand that tolerance refers to cells’
ability to survive transient exposure to
a chemical agent. On the other hand, we
have that persistence is the capacity of
a clonal subpopulation to survive to the
treatment(22); for example, suppose there
are 100 cells in a culture to which a thera-
peutic agent x is administered, after some
time (t=1), it is performed a cellular count
obtaining ten cells, so it could be said that
each cell had tolerance to the therapeutic
agent, then another count is performed at

t=2 with the same culture conditions, coun-

11
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ting 20 cells, the ten cells presented before
and their descendence; therefore, this new
clonal subpopulation was persistent to the
treatment, since the concentration of drug
x will no longer have a therapeutic effect.
The above approach is mainly used with
microorganisms, but it helps us understand

the effect of cell resistance.

It is currently considered that a cancer di-
sease can contain cancer cells that are sen-
sitive or resistant to drugs, so the two states
are not mutually exclusive, both occurring
at the same time. Resistance, whether in-
trinsic or acquired, is irreversible and ari-
ses from the accumulation of alterations in
cancer cells or their tissue microenviron-
ment, with the sole objective of promoting
cancer cell survival. Intrinsic resistance is
associated with pre-existing (inherited) ge-
netic mutations which are heterogeneous
among cancer cells from the same indivi-
dual. Pre-existing unresponsive cell subpo-
pulations will be selected after drug treat-
ment, resulting in the activation of intrinsic
pathways used as a defense against environ-
mental toxins. After drug treatment, acqui-
red resistance may appear (22,23). We can
see chemoresistance from the point of view
of evolution, cancer cells, like any other
organism, constantly evolve for survival,
developing mechanisms to adapt to the en-
vironment’s adverse conditions. Cancer is
a chronic degenerative disease, where cells
divide uncontrollably, despite this, cancer

cells are highly adaptable, evolving to sur-

vive, it is possible that we can take advanta-
ge of some mechanisms of cancer cells and
use them rationally in favor of our survi-
val. Some of the most common cellular and
molecular resistance mechanisms in cancer

are listed below.
Molecular target modification

This mechanism is mediated by molecular
target changes, these changes involve sites
of drug binding, and thus the new molecu-
lar sites cannot be recognized by the drug.
In the case of proteins as molecular tar-
gets, a genetic mutation causes the protein
to change its conformation, or the site for
which the drug was designed, causing loss
of affinity for the target site (2,4,24,25).

Production of metabolizing or
biotransforming enzymes

Biotransformation is a method that cells
use so that drugs can be more easily excre-
ted and this process is generally carried out
in two phases. Phase I biotransformation
is primarily mediated by cytochromes P450
(CYPs) and, to a lesser extent, flavin-con-
taining monooxygenases. This phase 1is
associated with reduction reactions. Pha-
se 1I biotransformation involves a larger
number of families of enzymes, including
UDP- (UGT),

sulfotransferases, N-acetyltransferases, and

glucuronosyltransferases

glutathione S-transferases (GST); this pro-
cess is based on conjugation reactions (20).

The resistance mechanism is based on the
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overexpression of these metabolizing en-
zymes, which have been found to increase
their expression, especially the enzymes of
the CYP540 family, the GST superfami-
ly, the UGT superfamily, gamma-glutamyl
transferases and thiopurine methyltrans-
ferases (2,4).Recently, the importance of
amino acid metabolism in chemoresistance
has been discussed, because amino acids
help cancer cells counteract therapies by
maintaining redox homeostasis, supporting
biosynthetic processes, regulating epigene-
tic modification, and providing metabolic

intermediaries for cell metabolism. (27).
Tumor microenvironment

It is well known that the environment in
which cancer cells develop is highly hetero-
geneous, enriched by extracellular signals
that stimulate signaling pathways involved
in metabolism, cell division, cell remode-
ling, and the production of transcription
factors. These signals are made up of di-
fferent molecules, among which we have
hormones, cytokines, and interleukins (1)
such as IL.-1, ILL.-4, IL.-6, and IL.-8; there are
also different growth factors such as FG2,
FGF9 and FGF10, all these molecules are
secreted into the environment by secretory
cells, lymphocytes, and fibroblasts genera-
lly. Additionally, the extracellular matrix is
a three-dimensional network that provides
structural and biochemical support to can-
cer cells, being an important component in
the tumor microenvironment. (2,4,23,28—

31). Also, cancer cells can produce vesicles

containing molecules such as microRNA
(miRNA) or messenger RNA (mRNA) in-
side, which can promote chemoresistance.
It has been observed that extracellular vesi-
cles are involved in processes such as stro-
mal activation, angiogenesis, evasion of the
immune system, reprogramming of ener-
gy metabolism, transfer of mutations and
metastasis, thus, extracellular vesicles can
modulate the tumor microenvironment in

favor of the resistance (32-37).
Efflux pumps

Membrane cell have proteins that function
as channels, which allow the passage of
small molecules and ions. Efflux pumps are
protein complexes that push drugs out of
the cell, preventing the drug from carrying
out its therapeutic effect. The efflux pumps
belong mainly to the ABC transporter su-
perfamily, of which there are 7 families
(ABCA-ABCG) with 48 members in total.
But only the ABCB1, ABCC1 and ABCG2
members are the ones that have seen to be

involved with resistance to chemopharma-

ceuticals (2,4,38).
Epigenetics

Epigenetics is the study of changes that
activate or inactivate genes without chan-
ging the DNA sequence, due to age and
exposure to environmental factors (diet,
exercise, medications and chemicals). Epi-
genetics refers to a non-genetic cellular

memory, which records environmental and

13
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developmental cues (and alternative cellu-
lar states in unicellular organisms), is the
basis of epi-(above)-genetics (39,40). Resis-
tance is related to DNA methylation, his-
tone modification, chromatin remodeling,
and non-coding RNA related alterations
(2,4,41,42). Histone deacetylase 3 (HDAC3)
belongs to the group of genes associated
with cancer and has been implicated as a
regulator of responses to anticancer drugs,
angiogenic potential, and tumorigenic po-
tential (43).

Coding and non-coding RNA

Messenger RNA (mRNA) is the coding se-
quence of each gene, it is the sequence that
is translated into protein, and resistance is
associated with modifications that this se-
quence can undergo, this sequence changes
could modify some basic cellular proceces-
ses, such as, alternative splicing, the modifi-
cation of adenosine to inosine (A to I) and
mRNA methylation (44). On the other hand,
we have the resistance mechanisms related
to miRNAs. miRNAs are short which are
short (20-24 nt) non-coding RNAs that par-
ticipate in the post-transcriptional regulation
of gene expression in multicellular organis-
ms by affecting both the stability and the
translation of the mRNAs. Recently, some
miRNAs expression have been associated
to chemopharmaceuticals resistance, these
miRNAs are expressed by cancer cells and
it has been seen that these are independent
of the type of cancer. For example, miR-100,
miR-222, miR-30a and miR-17 were found

in breast cancer (32,45—47). Other non-co-
ding RNAs such as long non-coding RNAs
(LncRNA), circular RNAs (CircRNA) have
also been associated with the development

of resistance (44).

Genes and proteins related to chemo
resistance

As we have already seen, there are certain
mechanisms by which cells can evade the
therapeutic effect of chemopharmaceuti-
cals and these mechanisms may be due to
gene-protein or protein-protein interac-
tions, this interections could result in acti-
vation, inhibition or lost of function. These
interactions can form positive or negative
feedback loops, stimulation leading to an
effect, which cyclically promotes the sti-

mulus again.

The STRING database alone contains
67,592,464 proteins belonging to 14,094 or-
ganisms, of which it is estimated that they
can form approximately 20,052,394,041 to-
tal interactions, including low-confidence
interactions (48). Despite all these prote-
ins and interactions that can take place,
only some proteins are strongly related
to chemoresistance, such as the ATP-bin-
ding cassette subfamily protein member
three encoded by the ABCA3 gene (gene
ID: 21); the entire transporter encoded by
this gene may be involved in xenobiotic
resistance development and the program-

med uptake during programmed cell death.
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ATP-binding cassette subfamily B member
one Protein is multidrug resistance-rela-
ted protein, encoded by the ABCBI gene
(gene ID: 5243); this protein is an ATP-de-
pendent drug efflux pump for xenobiotic
compounds with broad substrate specifici-
ty. Transporter 1 protein, a member of the
ATP-binding cassette subfamily B enco-
ded by the ABCB2 gene (gene 1D: 6890),
is involved in pumping degraded cytosolic
peptides across the endoplasmic reticu-
lum to the membrane-bound compartment
where class I molecules are assembled. The
ATP-binding cassette subfamily C member
1 protein encoded by the ABCCI gene (gene
ID: 4363), is a transporter member of the
MRP subfamily that is involved in the mul-
tidrug resistance. The ATP-binding casse-
tte subfamily C member 2 protein encoded
by the ABCC2 gene (gene 1D: 1244), this
transporter is substrated with anticancer
drugs such as vinblastine; therefore, this
protein appears to contribute to drug re-
sistance in mammalian cells. ATP-binding
cassette subfamily protein G member 2,
known as breast cancer resistance protein,
functions as a xenobiotic transporter enco-
ded by the ABCG2 gene (gene ID: 9429) .
Cytochrome P450 enzyme family two sub-
family D member 6, this protein is located
in the endoplasmic reticulum and is known
to metabolize up to 25% of common-
ly prescribed drugs; its substrates include
antidepressants, antipsychotics, analgesics
and beta-adrener-

cough suppressants,

gic blockers, antiarrhythmics, and antie-

metics, it is encoded by the CYP2D6 gene
(gene ID: 1565). The cytochrome P450
has a family of three subfamilies. A mem-
ber four enzyme encoded by the CYP3A44
gene (gene 1D: 1576), has been implicated
in the metabolism of approximately half
of the drugs in use today, including aceta-
minophen, codeine, cyclosporine A, diaze-
pam, erythromycin, and chloroquine. The
enzyme glutathione S-transferase alpha
one, encoded by the GSTAI gene (gene
ID: 2938), catalyze the glutathione addition
to an electrophilic target, the targets inclu-
de, carcinogens, therapeutic drugs, envi-

ronmental toxins, and products of oxidati-
ve stress (32,38,42,44,45,49,50).

Figure 2 shows the intracellular localization
of proteins related to resistance to chemo-
pharmaceuticals, such as cytochrome P450
enzymes, some monooxidases, and enzy-
mes from the uridine diphospho-glucuro-

nosyltransferase superfamily (see Fig. 3).
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Figure 3. Interactomes of the proteins encoded by the resistance genes with other proteins.
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Recently there are studies that suggest
other genes and proteins that are related to
chemoresistance’s, such as the transcription
factors FOXO3 and FOXMI1, which parti-
cipate downstream in the PI3K-Akt, Ras-
ERK, and JNK/p38MAPK signaling cas-
cades. , these pathways are crucial for cell
proliferation, differentiation, cell survival,
senescence, DNA damage repair, and cell
cycle control (50,51). Also, it has been seen
that human aldo-keto reductase (AKR)
enzymes catalyze the NADPH-dependent
reduction of carbonyl groups to alcohols
and participate directly in the metabolism
of chemopharmaceuticals, contributing to
chemoresistance (17). It has been found
that S-phase kinase-associated protein 2
(Skp2) and E3 ligase are highly correlated
with chemoresistance, and high expression
of these proteins is associated with a poor
prognosis in Her2-positive patients (52).
Another important group that has been
found to be related to chemoresistance is
the group of heat shock proteins (HSPs),
which may act as an upstream regulator of
oncogenic pathways related to tumorigene-
sis, metastasis, and invasiveness in various
types of cancer, cancer. HSPs proteins
contributes to the progress of the disease
and more specifically activate signaling pa-
thways and genes related to chemoresistan-
ce (53). F-box proteins (FBPs) play a fun-
damental role in developing drug resistance
through ubiquitination and degradation of
substrates (54). Snail , Twistl , and zinc-fin-
ger E homeobox-binding 1 ( ZEBI ) genes

orchestrate gene expression that mediates
the transition from epithelial cells to me-
senchymal cells, implicating cancer develo-
pment and metastasis and are also related to
resistance to medications (55). Intracellular
cholesterol accumulation in cancer cells,
promotes drug resistance and allows these
cells to evade apoptotic signaling processes
and maintain cell division and proliferation;
also, lipid metabolism is implicated in resis-
tance to chemopharmaceuticals (56,57). In-
sulin-like growth factor 1 (IGF-1) is known
for its role in supporting cancer progres-
sion and metastasis through the promotion
of neovascularization in transforming tis-
sues and the promotion of proliferation,
maintenance, and migration of malignant
cells. A growing number of reports support
that IGF-1 fuels tumorigenesis and induces
the development of resistance to antican-
cer drugs (58). The solute transporter 1B3
(SLCO1B3) member of the organic anion
transporters is a transporter normally ex-
pressed in the liver, transporting a variety
of endogenous and exogenous compounds,
including hormones and their conjugates.
The extrahepatic expression of SLCO1B3
has been detected in different cell lines and
cancer tissues. Recently, accumulating data
indicates that abnormal expression and
function of SLCO1B3 are involved in anti-

cancer drug resistance (49,59).

It has been observed that resistance-asso-
ciated proteins are highly related to pro-

teins involved in drug metabolism, and
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alteration in the sequence of these genes
or overexpression is related to chemore-
sistance. Certain mutations in the CP540
superfamily enzyme-coding genes cause
individuals to be slow, rapid, or super-rapid
metabolizers of certain drugs, rendering
therapies less effective for extensive me-
tabolizers, and vice versa. Slow metaboli-
zers are more susceptible to have a toxic
effect, these effects depend on the type of
drug being administered and the disease
being treated (26). Table 1 describes some
chemopharmaceuticals used in cancer the-
rapy and the proteins related to their me-
tabolism, the proteins involved in the me-
tabolism of paracetamol are also shown .
Paracetamol is an effective analgesic and
antipyretic for the control of mild or mo-
derate pain caused by joint conditions, ear
pain, headaches, odontogenic pain, neu-
ralgia, minor surgical procedures, among
others. This drug is prescribed to people

regardless of age or sex. There are proteins

that may be involved in the metabolism of
more than one chemopharmaceutical drug,
such as the enzymes of cytochrome P450
3A4, and cytochrome P450 2B06; there are
also efflux pumps, such as the protein of

ATP-binding cassette subfamily G member

2. This

proteins is
interesting the number of proteins involved
in the metabolism of chemo pharmaceuti-
cals and the metabolism of paracetamol.
Due to its high medical prescription, it is
believed that paracetamol is harmless in
the body; however, as it is related to the
response to a large number of genes rela-
ted to chemoresistance, it suggests that this
drug, and probably all the drugs we consu-
me today every day in our lives, may contri-
bute to resistance without realizing it, even
knowing that sometimes we require higher

doses to counteract a condition that we

multiple

not

substrates

surprising;

for

but; it

could previously alleviate with a low dose.

Table 1. Proteins involved in the metabolism of some anticancer drugs.

Etoposide(60) Mercaptopurine(60) Cyclophosphamide(60)

Multispecific canalicular
transporter of organic
anions 2

Aldehyde dehydrogenase,
dimeric with a preference
for NADP

Adenosine kinase

Teniposide(60)

Cytochrome P450 3A4

Ifosfamide(60)

Aldehyde dehydrogenase,
dimeric with a preference

for NADP

Capecitabine(60)

Cytidine deaminase

Cytochrome P450 3A4

Aldehyde oxidase

Cytochrome P450 2A6

Cytochrome P450 3A5

Cytochrome P450 2A6

Hepatic carboxyleste-
rase 1

Cytochrome P450 3A5

ASmidophosphoribosyl-

transferase

Cytochrome P450 2B6

DNA topoisomerase
2-alpha

Cytochrome P450 2B6

Sodium/Nucleoside
Cotransporter 1

DNA topoisomerase
2-alpha

Equilibrium nucleoside
transporter 1

Cytochrome P450 2C19

Myeloperoxidase

Cytochrome P450 2C8

Thymidine
phosphorylase

DNA topoisomerase
2-beta

Equilibrium nucleoside
transporter 2

Cytochrome P450 2C8

Cytochrome P450 2C9

Thymidylate synthase

some
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Cyclophosphamide(60)
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Teniposide(60)

Ifosfamide(60)

Capecitabine(60)

Multidrug resistance

GMP synthase [glutami-

Cytochrome P450 2C9

Cytochrome P450 3A4

protein 1 ne hydrolyzation|
Hypoxanthine-guanine

Myeloperoxidase phosphoribosyltrans- Cytochrome P450 3A4 Cytochrome P450 3A5
ferase

Prostaglandin G/H Inosine-5-monophos- Glutathione S-transferase

synthase 1

phate dehydrogenase 1 Mu 1

retinal dehydrogenase 1

Prostaglandin G/H
synthase 2

Protein 4 associated with
multidrug resistance

retinal dehydrogenase 1

UDP-glucuronosyltrans-
ferase 1-1

Protein 5 associated with
multidrug resistance

Ras-related botulinum
toxin C3 substrate 1

Sodium/Nucleoside
Cotransporter 2

Solute transporter family
28 member 3

Thiopurine S-methyl-
transferase

Xanthine dehydrogena-
se/oxidase

Irinotecan(60)

Doxorubicin(60)

Tamoxifen(60)

Gemcitabine(60)

Acetaminophen
(Paracetamol)(60)

Multispecific canalicular trans- Alcohol dehydrogenase _ 5(3")-deoxytibonucleotidase, ATP-binding cassette subfami-
L ’ Cytochrome P450 2B6 .
porter of organic anions 1 [NADP(+)] ’ cytosolic type ly G member 2
Cholinesterase Aldo-keto reductase family 1 Cytochrome P450 2D6 CTP synthase 1 Bile salt sulfotransferase
member C3 ’
. ATP-bindi bfami- R e . -
Cocaine esterase N mnding cassette subfami Cytochrome P450 3A4 Deoxycytidine kinase Cytochrome P450 1A2

ly G member 2

Cytochrome P450 3A4

Multispecific canalicular trans-
porter of organic anions 1

Cytochrome P450 3A5

Deoxycytidylate deaminase

Cytochrome P450 2A6

Cytochrome P450 3A5

Carbonyl reductase

Dimethylaniline monooxygena-

Equilibrium nucleoside trans-

Cytochrome P450 2D6

[NADPH] 1 se [N-oxide former] 1 porter 1
. Carbonyl reductase Dimethylaniline monooxygena- | Nucleoside diphosphate IR
DNA topoisomerase 1 [NADPH] 3 se [N-oxide forming] 3 Kinase A Cytochrome P450 2E1
Hepatic carboxylesterase 1 Multidrug resistance protein 1 Hstrogen receptor Ribonucleoside diphosphate Cytochrome P450 3A4

reductase large subunit

Multidrug resistance protein 1

Multidrug resistance-associated
protein 1

Sulfotransferase 1A1

Ribonucleoside diphosphate
reductase M2 subunit

Estrogen sulfotransferase
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Irinotecan(60)

Multidrug resistance-associated
protein 1

NOVA. 2023; 21 (41)

Doxorubicin(60)

NAD(P)H dehydrogenase
[quinone] 1

Tamoxifen(60)

UDP-glucuronosyltransferase
1-10

Gemcitabine(60)

Ribonucleoside diphosphate
reductase subunit M2 B

Acetaminophen
(Paracetamol)(60)

Glutathione S-transferase P

Solute transporter member
of the 1B1 family of organic
anion transporters

NADH dehydrogenase [ubi-
quinone] iron-sulfur protein 2,
mitochondrial

UDP-glucuronosyltransferase
1-4

Sodium/Nucleoside Cotrans-
porter 1

Glutathione S-transferase
theta-1

UDP-glucuronosyltransferase
1-1

NADH dehydrogenase [ubi-
quinone] iron-sulfur protein 3,
mitochondrial

Solute transporter family 28
member 3

Multidrug resistance protein 1

UDP-glucuronosyltransferase
1-10

NADH dehydrogenase [ubi-
quinone] iron-sulfur protein 7,
mitochondrial

Thymidylate synthase

Multidrug resistance-associated
protein 1

UDP-glucuronosyltransferase
1-9

NADPH: cytochrome P450
reductase

UMP-CMP kinase

Protein 4 associated with
multidrug resistance

Nitric oxide synthase, endo-
thelial

Protein 5 associated with
multidrug resistance

RalA binding protein 1

Sulfotransferase 1A1

Family of solute transporters
22 member 16

Sulfotransferase 1A3/1A4

Xanthine dehydrogenase/
oxidase

UDP-glucuronosyltransferase
1-1

UDP-glucuronosyltransferase
1-6

UDP-glucuronosyltransferase
1-9

UDP-glucuronosyltransferase
2B15

Therapies against resistance to chemo
pharmaceuticals

Today there are a wide variety of cancer
therapies; some could help evade resistance
mechanisms such as intermittent treatment
regimen and minimum dose necessary; this
treatment is based on containing tumors at
a fixed tolerable level to allow expansion
of drug-sensitive cells at the expense of re-
sistant ones. Another emerging therapy is

polytherapy, which focuses on targeting a

cancer-specific overactive transcription
factor/regulator, in addition to containing
the necessary chemo pharmaceuticals to
fight cancer, trying to propose simulta-
neously targeting multiple dependencies
that generate chemoresistance, hence hy-
brid drugs are born, which simultaneously
target many points of signaling networks
and various structures within a cancer cell
(22,24,61). Also, monoclonal antibodies
directed at the inhibition of signal trans-

duction can be used to prevent the proli-
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feration of cancer cells, such is the case of
anti-HER?2 antibodies such as pertuzumab
(ABX-EGF)

and Cetuximab (Erbitux). , which are un-

(Omnitarg), panitumumab
der evaluation in clinical trials (51). Tumor
plasticity is a phenomenon in which cancer
cells adapt to tumor microenvironment; it
is possible to develop strategies directed
to specific plasticity regulators in order to
overcome or stop cancer progression (31).
Today there is an enormous amount of in-
formation that can be used by mathema-
tical models to make computational pre-
dictions using systematic and quantitative
approaches, with the purpose of providing
deeper insight into resistance mechanisms,
generating new hypotheses, or suggesting
promising treatment strategies . for future
therapies (62).

Mitochondria are the central organelle for
cellular energy supply, they can rapidly un-
dergo dynamic changes and integrate cellu-
lar signaling pathways to provide bioener-
getic and biosynthetic flexibility to cancer
cells; thus, mitochondria contribute to
multiple aspects of cell characteristics. tu-
mor, including drug resistance. To combat
this organelle, there are different therapies,
such as intelligent drug delivery systems or
the modification of traditional treatments.
At present, mitochondrial-directed photo-
thermal therapy (PTT), photodynamic the-
rapy (PDT), and chemodynamical therapy
(CDT), have attracted worldwide attention

due to their advantages, such as wide the-

rapeutic range, minimal toxicity, and exce-
llent profile. non-invasive safety and low
resistance (63—060).

On the other hand, deregulation of the
ubiquitin-proteasome pathway is known to
be associated with various diseases, parti-
cularly neoplastic ones; it is also related to
late relapses, suggesting the development
of acquired resistance. The use of protea-
some inhibitors (Pls) is a therapy that has
received attention from the pharmaceuti-
cal industry. Different classes and several
inhibitors have been developed; however,
only three were approved by the FDA and
the EMA: bortezomib, carfilzomib, and
ixazomib (67).

Regarding RNA therapies, the miR-200
family are tumor suppressors and are
commonly decreased in cancer. The miR-
200 family has been reported as a valua-
ble diagnostic and prognostic marker.
(47). Therefore, these miRNAs can be
packaged into vesicles for cancer therapy

and chemoresistance.

Conclusions

The emergence of drug resistance is a ba-
rrier to effective cancer treatment. Resis-
tance develops during chemotherapy, ra-
diotherapy, molecularly targeted therapy,
and immunotherapy in most cancer pa-
tients and decreases survival. Despite the

enormous amount of information about
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resistance, we are still far from finding a
solution to the problem since chemoresis-
tance is a multifactorial phenomenon invol-
ving the interaction of multiple genes and
proteins between them. For this reason, it
is necessary to have a detailed understan-
ding of chemoresistance and the mechanis-

ms that develop it.

It 1s necessary to acquire new approaches
related to cancer treatments, which must
consider the resistence of chemopharma-
ceuticals not as a possibility of occurrence
but as a fact of appearance at any stage of
therapy. Therefore, it is extremely impoz-
tant to study the genes involved in drug re-
sistance in cancer, as well as their coding
proteins, with a focus of make more effi-
cient and less harmful therapies and achie-

ve more patients and longer survival.
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Morphogenesis of penis and spongy urethra
during human gestation

Alba Rocio Valencia!, Manuel Garcia Florez?

Abstract

Background. Every year, approximately 500,000 children in the world are born with
congenital abnormalities of the urinary system and kidneys. Therefore, pediatricians and
urologists must understand the normal processes that lead to male sexual differentiation.
Objective. The aim of this study was to describe in detail the process that occurs during
masculinization of the fetus, which leads to the formation of male structures under normal
conditions. Methods. Fifty-four fetuses with gestation periods between four and 18 weeks
were collected, which were considered normal, did not have any signs of external anatomic
abnormalities or any alteration in their development, and were a product of spontaneous
abortions and tubal pregnancies. The urogenital sinus region was collected and prepared
for scanning electron microscopy and high-resolution optical microscopy to observe the
cellular characteristics of the urogenital fold during external development in male embryos.
Results. This work shows the formation of the glans and spongy urethra in a detailed man-
ner from the eighth week of embryonic development, carefully describing the role of the
labioscrotal folds and the fusion of the walls of the urogenital fold during the subsequent
stages of development to form the proximal part of the urinary tract. Conclusion. The for-
mation of the penile urethra from the urethral fold and its posterior fusion have a probable

role of ectodermal cells, in addition to the endodermal origin established previously.
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Introduction

The urogenital system in mammals, the bla-
dder, urethra, and external genitals develop
from epithelium and cloacal mesenchyme,
which is a transient embryonic cavity at the
tail end of the posterior intestine. Urogeni-
tal malformations are frequent in humans
and are often seen with malformations of
the genital tubercle, penis in men and clito-
ris in women, and defects in the separation
of the urethral and rectal compartments
(1). Each year, it is estimated that 6% of
births worldwide (approximately 8 million
infants) have serious genetic defects. Out
of this 6%, approximately 1% of human fe-
tuses show congenital anomalies in the uri-
nary tract and kidneys (2, 3). Therefore, it
is crucial for pediatricians and urologists to
understand the normal processes that lead

to sexual differentiation.

Even though the male external genital di-
fferentiation is a very detailed process, the-
re are still migration and cellular differen-
tiation processes that need to be studied
further, since in many cases, most of the
information has been obtained from stu-
dies in mice models (4-6). Despite the fact
that, by studying murines, relevant infor-
mation has been found and access to ex-
perimental manipulation has been given, it
is important to note that they have some
anatomical and morphological differences

when compared to humans, which presents

a difficulty when trying to use direct ana-
logies (7) (8).

To elucidate this process, in this study were
used specimens considered normal human
males, from eight to fourteenth week of
gestation, and a detailed description of the
development of the external genitalia was
performed using optical and scanning mi-
croscopy, showing the different processes of
migration and cellular proliferation that re-

sult in the differentiation of male structures.

Materials and methods

Samples

For this research, the samples were collec-
ted over a period of a year and six months;
and were obtained from spontaneous or
frustrated abortions and ectopic pregnan-
cies and were acquired from the Hospital
Universitario del Valle de la ciudad de Cali,
with the collaboration of the Department
of Pathology and Obstetrics Gynecology
from Universidad del Valle.

From the samples obtained, 54 embryos
and fetuses that were between the eighth
and fourteenth week of gestation and did
not have any external morphological de-
fects, such as low implantation of ears or
some kind of mutilation in limbs, were se-
lected (Table 1). The samples were placed
in 10% buffered formalin. The entire body
of the small specimens and pelvic blocks of

the larger specimens were included.



Determination of embryonic age

Classification of the gestational age was
performed with the help of a stereoscope,
based on age tables (9), parameters of nor-
mal fetal growth, and information from the
Department of Morphology of Universidad
del Valle, Cali — Colombia (10).

From the embryos and fetuses obtained,
the gonads were processed to differentiate
the testicles from the ovaries to be associa-
ted with the external genitalia. The mot-
phological analyses and age determinations
were conducted by two experts from the
Pathology and Obstetric Gynecology De-
partment of Universidad del Valle.

Scanning Electron Microscope

A scanning electron microscope was used
to examine detailed cellular development
during the maturation of the external ge-
nitalia. We chose scanning electron mi-
croscopy (SEM) over transmission electron
microscopy (TEM) to give detailed surface
imaging of specimens. Because SEM ge-
nerates a three-dimensional topographic
image and can analyze a greater area than
TEM of the specimen at once. For SEM,
the tissue samples were fixed in 2% para-
formaldehyde, 2% glutaraldehyde and 0.1M
phosphate buffer (PH 7.4) for 48h at 4 °C.
The tissues were then set on 2% tannic acid
for 2h, washed with distilled water for 1h
and treated with 1% osmium tetroxide for

2 h at room temperature, dehydrated with

Valencia et al. Morphogenesis of penis and spongy urethra

during human gestation

increasing concentrations of ethanol, the
samples were taken to the dry critical point,
and finally covered with gold and observed
using a Jeol 5800 scanning electron micros-
cope (JEOL Ltd.). Musashino, Akishima,
Tokyo 196-8558, Japan.

Optical Microscopy

For optical microscopy, the samples were
rehydrated with different concentrations
of isoamyl acetate and mixtures of pure al-
cohol and isoamyl until decreasing alcohol
concentrations were achieved, followed by
washing with 0.1% phosphate buffer. Af-
terwards, they were passed through alco-
hols at increasing concentrations and then
with propylene oxide. They were then infil-
trated with histological resin and polymeri-
zed at 60 °C to be cut with a glass blade in
an ultra-microtome, stained with toluidine
blue, and H&E mounted (11) (12), and ob-
served (13).

Ethical approval

This study was carried out in accordance
with the ethical standards of the Universi-
dad Surcolombiana institutional committee
on human experimentation. (MEMORAN-
DO No. 052, October 26, 2020).

Results

Morphological characteristics of the exter-

nal genitalia development
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Eighth week of development

In the eighth week of gestation, the main
events included growth of the genital tu-
bercle and formation of the epithelial
The

cells at the distal end level, where the glans

appendix.

overlapping ectodermal

originate, and from that point forward, this

tubercle is known as the phallus.

The urogenital fold is now longer and has
less depth as a result of the growth of the
phallus (Fig. 1, A y B); (Table 1)

Table 1. Discrimination of a sample of fifty-four embryos and fetuses between the eighth and fourteenth week of gestation used
in this study. These samples had no visible external defects and were considered normal.

Number of
Embryos and Age (weeks) Cephalo-Caudal Morphological Characteristics
Length (mm)
Fetuses
* Flat nose
> 8 25-31 * Separated eyes
* Eyes closing
0 9 32-44 * Round head
* Intestines in the umbilical cord
* No physiological hernia
0 10 45236 * Erect head
* Molded extremities
9 1 5769 * Head half the length CC.
* External genitalia beginning to differentiate
* Head still dominant
11 12 70 - 81 * Sex determined.
* Length of definitive members
11 13 82-97 * There are signs of hair
* Head upright
0 14 98- 110 * Nail development

Ninth week of development

Further development can be observed in
ectodermal cells of the urogenital fold.
The phallus continues to grow, and at this
point is the structure with the most geni-
tal development. The glans is now more
defined, and it lies at the end of the uroge-
nital fold and conservation of the epithe-
lial appendix. The labioscrotal swellings
increase in volume and grow towards the
anal region, in the direction of the middle

line where they will fuse posteriorly; as a

result of this growth, the anal fold disa-
ppears (Fig. 1C).

Changes in the phallus fold and mesoderm;
the shape of the linear genitalia changes
to rhomboid, showing proliferation of the
cells on the outer part of the urogenital
fold. This defined space allows for the or-
ganization of the penile urethra. The su-
perficial ectoderm, which serves as a lining
for the urogenital fold from the beginning,
serves as an origin point for the epithelium
of the urethra (Fig. 1D)



Valencia et al. Morphogenesis of penis and spongy urethra
during human gestation

The phallus’ mesoderm shows cellular  will give origin to cavernous bodies (Aste-
proliferation that is related to the deepest  risks, Fig. 1D)

region of the fold; these cellular clusters

e

Figure 1. Microphotographs of the genital area of masculine embryos between eight and ten weeks of gestation (1A) Scanning
electron microphotography of the genital area of an embryo at eight weeks of development, showing the phallus (f), fold of the
urogenital sulcus (PS), and anal fold (arrow) (40X). (1B) During this phase, the superficial epithelium (Ec) can be observed cove-
ring the urogenital sulcus (SU) and mesoderm (Me) (400x). (1C) Detailed picture of the genital area of a nine-week-old embryo,
labioscrotal folds (PL), and folds of the urogenital sulcus (PS) and phallus (f). Magnification 80X; (1D) also, the urogenital sulcus
(PS) can be seen covered with epithelial cells (Ec) on its internal and external parts, and in the internal mesoderm (Me), internal
conglomerates organized in a circular shape (asterisk) can be seen (150X). 1E Details of the glans (GL) of a ten-week-old fetus,
where the urogenital sulcus (arrow) and folds of the urogenital sulcus (PS) can be observed. (1F) Likewise, the transformation of
the urogenital sulcus (SU) can be witnessed because of the presence of external elevation (top of the arrow) and internal elevation
(asterisk), which is surrounded by the superficial ectoderm (arrow) (80X).
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Tenth week of development

The external genitalia continue to deve-
lop; the phallus is the predominant element
with very defined glans and conserving the
epithelial appendix (Fig. 1, E y F). At the
end of the week, the balanopreputial sulcus
appears as well as an ectoderm invagina-
tion at the middle line level of the glans,
forming an ectothermic fold that carries on
with the urogenital fold, which aids in the
formation of the spongy urethra’s glans.
The labioscrotoral folds show an important
development approaching the midline, cau-
sing the anal fold to disappear, resulting in
a better appreciation of the anal opening.
The folds of the urogenital fold show pro-
minent to the sides of the fold, which has
now acquired more depth (Fig. 1E y 1F)

The urogenital fold continues to change in
shape and size, and its superficial borders
continue to become closer as a result of the
growth of the internal mesoderm. In the
middle area, mesodermic growth that pro-
duces a couple of bulges that slightly chan-
ge the shape of the groove light can be ob-
served (Fig. 1F).

Eleventh week of development

In this week, the phallus has a defined
glans and balanopreputial groove; however,
the epithelial appendix has now disappea-
red, furthermore, an invagination of ecto-
dermal cells at the glans level is observed

causing internal cell proliferation, at the

end of this invagination the area where the
external urethral orifice is be located will
be determined (Fig. 2, A y B)

The labioescrotoral folds bind at middle
line level giving place to the scrotal bags
and scrotal raphe; As for the urogenital si-
nus’ folds they start to partially close du-
ring this week, showing as areas with a lot

of closeness but without a real fusion.

The urethra is now completely closed, co-
vered with epithelial cells, and has started
to have a well-defined star shape (dotted
line, Fig. 2B).

Twelfth week of development

The external urethral orifice is defined
at the glans; the glans on the ventral side
shows partial closure of the ectodermal in-
vagination, specifically at the distal portion

near the urethral orifice (Fig. 2C).

The medium raphe is not consolidated in
the mesoderm and its proliferation forms
a bulge in this area; this event is a result
of the increase in cellular concentration at
the midline level where the urogenital sinus
folds have closed. The superficial ectoderm
proliferated, and formation of the foreskin

as an ectoderm fold was observed (Fig. 2D).
Thirteenth week of development

The internal area of the urethral orifice that
forms the glandular portion of the spongy

urethra is now covered by epithelium that



was previously invaginated around the ten-
th week of gestation (Fig. 2E) The urethra
exhibited a characteristic star shape cove-
red by the epithelium in the process of ce-
llular differentiation (Fig. 2F)

The superficial ectoderm completely covers
the closing, and it proliferates into a strati-
fied epithelium with basal cells other than
superficial cells. The raphe is now formed
with a more ectodermal mesodermal bul-

ge, and it can be seen that the mesoderm

Valencia et al. Morphogenesis of penis and spongy urethra
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surrounding the urethra is filled with sma-
11 blood vessels, whereas the vasculariza-
tion of the peripheral mesoderm has larger

blood vessels.
Fourteenth week of development

During this week of development, the ex-
ternal urethral orifice is observed, this ori-
fice is very wide during its initial stages,

but will eventually close (ou, Fig. 2G)

Figure 2. Microphotographs of the genital area of masculine embryos between 11 and 14 weeks of gestation (A-G). 2A At the
eleventh week of development, the phallus (f) can be seen at the end of which the glans (gl) can be observed, and the closed me-
dium raphe (rm) also shows laterally from the scrotal bags (be) (30X). 2B The cross-section of the phallus showing the medium
raphe (RM) without being completely consolidated; the urethra (dotted lines) is covered by the ectoderm (arrows) (400X). 2C
On the twelfth week of development, the glans and the external urethral orifice were clearly developed (150X). 2D The foreskin
(pt), which is made up of the ectoderm (Ec), medium raphe (RM), mesoderm (Me), and urethral orifice (U), can be seen (400X).
2E After 13 weeks of development, the penis (p) is evident, and at the extreme of it, the glans (gl); at the inferior portion of the
pentis, the scrotal bags (be) and the medium raphe are located (30X). 2F The penile urethra (U) can be seen to have a stared shape
during the 13 weeks; it is lined with an epithelium (Ep) that is being differentiated with prominent nucleus; the mesoderm (Me)
can be seen surrounding the urethra (400X). 2G In the fourteenth week of development, a detailed external urethral orifice (ou)
can be seen (200X).
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Discussion

The male external genitals originate from
structures formed during the ambisexual
stage, which are differentiated, giving ori-
gin to their defined structure (14),(15, 16).
Sexual differentiation is determined gene-
tically following hormonal action: once the
SRY gene is expressed, testosterone pro-
duction increases, influencing the central
nervous system as well as the internal and
external genitals that have not yet been di-
fferentiated, which initiates the maturation
process that induces masculinization of the

fetus (17) (18),(19), (20), (21).

Earlier, at the level of the cloaca on its
cephalic portion and at the middle line, an
elevation known at the genital tubercle whe-

re the penis will originate appears (22), (23).

Sexual differentiation of the external ge-
nitalia occurs after differentiation of the
gonads and expression of sexual steroid re-
ceptors on the genital tubercle. The three
germinal layers play a role in the formation
of the external genitalia. The genital me-
soderm conforms to the stromal tissue of
the phallus, the endodermally derived ure-
thral plate forms the entire epithelium of
the urethral tube, and an ectodermal epi-
thelium envelope forms the skin that su-

rrounds it (19), (24) (25).

The study of human embryos that are a re-

sult of spontaneous abortions can provide

a lot of information to understand normal
and altered embryological development
(26). During the ambisexual phase, between
the sixth and twelfth weeks of gestation,
the genital tubercle is very similar in males
and females, and they are almost the same
size (23), making it difficult to identify any
changes during this period (2)

In the sixth week of intrauterine life, the
urorectal fold grows, dividing the cloaca
into two parts: the anterior part that gives
origin to the urogenital sinus and a poste-
rior part that gives origin to the anal re-
gion. Simultaneously, the urogenital sinus
originates from urogenital folds that form
scrotal bags (15), (27). Two weeks later, the
testicles differentiate and secrete testoste-
rone, which acts over the genital tubercle
and the urogenital folds, inducing mascu-
linization of the external genitalia (6). For
the development of the folds, the genital
tubercle grows to form the penis, whereas
the urogenital fold enlarges and closes, for-
ming the spongy portion of the masculine
urethra on the medium raphe, which starts
in the eighth week of intrauterine life fo-
llowing a fusion that starts from the base
to the tip of the phallus (28).

Between the eighth and ninth weeks of
gestation, Leydig cells differentiate in the
testicles and secrete testosterone (15), (29).
Testosterone and/or dihydrotestosterone
(a more potent androgen) masculinize the
genital tubercle, Wolffian duct, and the

urogenital sinus. As a result, the anogenital



distance increases, followed by elongation
of the genital tubercle and eventually the
formation of urethral plaque. The urethral
plaque originates in the endoderm (confir-
med by positive immunohistochemistry for
Foxal) (30),(31),(32); and extends from the
base of the urethra to the proximal region
of the future penis’ glans (33), (34).

The genital tubercle that becomes the pe-
nis contains tissues derived from the three
germ layers: the ectoderm gives rise to the
skin of the phallus and foreskin (35), the
cavernous bodies and connective tissue of
the penis stroma are of mesodermal ori-
gin, and the endoderm originates from the
penis urethra (4). The urethral plaque ca-
nalices distal to the proximal region (Fig.
1A, arrow) to form an open structure that
simulates a zipper, the epithelial prolife-
ration (identified for the expression of
Ki67) (23), is abundant in the canalizing
urethra and on the floor of the urethral
sulcus, this event could be responsible for

its lateral expansion.

The initial canalization of the urethral pla-
que extends distally to the coronal sulcus,
indicating that the urethral sulcus does not
extend inside the glans. The coronal sul-
cus now defined on the glans is prominent
from the penis shaft at approximately ten
weeks of gestation (Fig. 1E), becoming an
important mechanism in the differentia-
tion between the penis’ body and the glans
(35). As previously mentioned, the urethra

of the penis’ body forms as a result of the

Valencia et al. Morphogenesis of penis and spongy urethra

during human gestation

canalization of the urethral plaque, whose
folds are initially open and eventually fuse
to form the tubular structure. In contrast,
inside the glans, the urethral lumen is for-
med by limited canalization that does not

include the formation of urethral plaques

(34) (36).

Interestingly, two morphogenetic mecha-
nisms occur during the development of the
urethra in humans. Direct canalization of
the urethra in the glans region and forma-
tion of the urethra from the urethral sulcus
open from its base. Merging events are re-
lated to the formation of the urethra inside

the body of the penis (arrow, vertical space)

(34), (35), (37).

The fusion of urethral folds during pe-
nile urethra formation is a complex pro-
cess. As the medial edges of the urethral
folds approach each other, longitudinally
intertwined ridges are formed that initia-
lly approach each other without merging,
leaving clean channels between the lumen
of the developing urethra and the exterior,
which are initially evident (Fig. 1E, black
arrow) (37). With the progression of peni-
le urethra development, the medial edges
of the urethral folds fuse in the midline to
form the median raphe of the penis. (clo-

sed zipper).

From a broad perspective, the process du-
ring the formation of the penile urethra (in
the body) consists of three separate events:

(a) the fusion of the whole epidermis com-
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pletes the ventral skin of the penis. (b)
Fusion of the endoderm forms the penile
urethra. (c) Finally, after removal of the
midline epithelial seam, a ventral confluen-
ce is established between the right and left

mesenchyme of the urethra (23).

Anatomic and immunohistochemical stu-
dies reinforce the idea that in humans, the
urethra’s epithelium originates in the endo-
derm of the urogenital sinus (4) and that
the urethral meatus represents an interpha-
se between the ectoderm epithelium and
the epithelium of the urethra’s endoderm.
The entire human urethra is formed as a
result of the growth of the urethral plaque
in the genital tubercle and the fusion of the

urethral folds along the body of the penis.

Further evidence of the endodermal origin
of the urethral epithelium is the expression
of FOXA1 during urethral development
(23),(35). In contrast, Glenister theory sta-
tes that the glandular urethra forms from
the skin (ectodermal intrusion) growing in-
side the gland and meets the endoderm-de-
rived urethra at the junction of the shaft of

the penis with the glans (37).

Conclusion

Taken together the results of this study, we
identified the participation of cells with a
possible ectodermic origin in different ca-
nalization processes and in the formation

of the urethra; however, more specific data

are needed to confirm the origin of these
cells. Furthermore, information related to
the origin and derivation of urethral epi-
thelium based on data collected from de-
veloping penises requires validation using

adult specimens.
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ObRDb, AdipoR1, and CYP19 gene expression show
significant association with obesity and overweight in
healthy women

Jessica Berenice Lopez Gonzalez!, Antonio Sandoval-Cabrera®, Laura Sanchez Hernandez>*,
Enrique Morales Avila', Jonnathan Guadalupe Santillan Benitez'

Abstract

Obesity and overweight are diseases characterized by excessive accumulation of adipose
tissue in the body and are defined as an increase in Body Mass Index (BMI) with values
greater than 25 kg/m?*. Multiple causes of these increases in BMI have been reported. Some
have been attributed to the expression of several genes involved in the leptin and adipo-

nectin pathway as well as postmenopausal stage in women.

In this research, we focused on evaluating whether the expression of ObRb, AdipoR1, and
CYPI9 genes have any association with the increase in BMI in the female population of
Mexico City over 55 years of age. For this, we worked with a group of 45 women volunteers

without the diagnosis of any confirmed pathology.

The study population was classified into three groups (average weight, overweight and
obese) according to their BMI and was characterized according to their clinical data of
blood cytometry and blood chemistry. At the same time, RT-PCR determined ObRb, Adi-
poR1, and CYPI9 gene expression.
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Obtained results showed a moderate correlation (+=0.648, p=0.043) of ObRb gene expres-

sion in women with obesity and a moderate negative correlation (r= -0.389, p=0.034) Adi-

poRI gene in women with overweight or obesity.

Based on BMI data, more than 70 % of the study population was overweight and obese.

Also, it was found that 64 % of the study population exceeded 150 mg/dL of triglycerides

which is the normal healthy range.

Keywords: ObRb, AdipoRI, CYPI9, body mass index, obesity, overweight.

Introduction

Obesity and overweight have spread rapid-
ly throughout the world due to different
dietary changes and the lack of physical
activity and have become a public health
crisis 2. In Mexico, and according to the
ENSANUT-INEGI (National Health and
Nutrition Survey and National Institute
of Statistics and Geography) in 2018, the
percentage of adults with obesity was 36.1
% and overweight 39.1 %, respectively, pla-
cing Mexico as the second country with the
second-highest prevalence rate in obesity

and overweight 7.

Obesity and overweight are defined as a di-
sease characterized by the excessive accu-
mulation of adipose tissue in the body, pre-
senting itself as a variation in the Body Mass
Index (BMI) > The BMI provides the most
useful measure to identify a state of obesi-
ty or overweight, since it indicates the rela-
tionship between weight and height of an in-

dividual, a person is considered with obesity

when his BMI is equal or higher than 30 kg/
m?® and overweight when his BMI is equal or
higher than 25 kg/m? "®.

BMI increase is favored by the presence of
postmenopausal stage in women, In Mexico
the average age in which this stage varies is
between 41 and 55 years, due to different
changes in hormones and slow metabolism,
as a result of estrogens and progesterone
deficits which increase the risk of develo-
ping cardiovascular and metabolic diseases,
diagnosis and the development of different
types of cancer ” .

Obesity and overweight are related to se-
veral adverse effects, including developing
metabolic and cardiovascular diseases and
diagnosing and developing various types of
cancer ", Several environmental and ge-
netic factors influence the development of
this pathology' ". Studies have reported
that 50-70 % of BMI variations are attri-
butable to genetic differences specific to
everyone'®. Currently, more than 127 genes

associated with obesity have been reported,
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among which the long leptin receptor gene
(ObRb) and the CYPI19 gene coding for the

aromatase enzyme stand out' ",

The long leptin receptor gene (ObRb) be-
longs to the cytokine family and regulates
fat metabolism. So far, six isoforms of this
receptor have been reported, being ObRb
the active form, which is associated with
the JAK2-STAT3 system and with other
intracellular signaling cascades. It has been
reported that a mutation or variation can
affect its functionality, preventing it from
binding to leptin or that upon binding, it
cannot be activated, resulting in excessive
hunger and weight gain **?%.

The adiponectin type 1 receptor gene (Adi-
poRI) is a ubiquitously expressed trans-
membrane receptor with a high affinity for
globular adiponectin, abundantly expres-
sed in skeletal muscle. It is binding to adi-
ponectin activates adenosine monophos-
phate-dependent protein kinase (AMPK),
PPAR-y, and mitogen-activated protein
kinase (MAPK). Adiponectin increases in-
sulin sensitivity through different signaling
pathways, reduces hepatic glucose synthe-

sis, and promotes fatty acid oxidation **~".

On the other hand, the CYPI9 gene coding
for the aromatase enzyme is involved in
the biosynthesis of estrogens, and aromata-
se inhibitors, it may affect the distribution
and regulation of body fat by modulating
the ratio of androgens to estrogens in adi-

pose tissue and has been associated with

obesity and overweight in healthy women

obesity-related phenotypes in postmeno-
32-33

pausal women
Therefore, the present study aimed to de-
termine whether the expression of the ge-
nes long leptin receptor (ObRb), adiponec-
tin receptor type 1 (AdipoRI), and the gene
coding for the enzyme aromatase (CYP19)
were associated with BMI in Mexican wo-
men and could be used as predisposing fac-

tors for obesity and overweight.

Materials and methods

A total of 45 healthy female volunteers, ol-
der than 55 years of age without a confir-
med diagnosis of any pathology and with the
prior signature of informed consent were re-
cruited. Patients diagnosed with some infec-
tious-contagious disease were excluded as
well as those who had a dyscrasia and took
drugs from 24 to 48 hours prior to sampling,.
Patients who decided to leave the study on
demand and voluntarily were eliminated as
well as non processable, insufficient or non-
compliant with the requested criteria blood
samples. Data collection was performed fo-
llowing the research ethics guidelines of the
participating hospital and the WMA Decla-
ration of Helsinki 2013 .

BMI (Body Mass Index).

The determination of BMI was established
through the weight-to-height ratio using

the formula:
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Weight(kg)

BMI =
Heightratio(m?)

To classify the study population, the re-
commended criteria by the WHO were
used: average weight (BMI < 25 kg/m?),
overweight (BMI = 25 kg/m?), and obesity
(BMI = 30 kg/m?) "°®.

Clinical information of biometric
parameters

The participant’s blood chemistry and the
biometric parameters were performed to
evaluate the levels of glucose, urea, crea-
tinine, uric acid, total cholesterol, and
triglycerides using spectrophotometry on
the Beckman colter ADR7000 platform.
Through blood cytometry, the number of
leukocytes, neutrophils, lymphocytes, ba-
sophils, monocytes, eosinophils, erythro-
cytes, Hgb (Hemoglobin), Hto (Hemato-
crit), MCV (Mean Corpuscular Volume),
MCH (Mean Corpuscular Hemoglobin)
was evaluated, MCHC (Mean Corpuscular
Hemoglobin Concentration), RDW (Red
Cell Distribution Width), HDI (Red Cell
Dispersion Index), PWV (Platelet Volume)
using ACTDiff Beckman colter automated
analyzer. Everything was performed at the
participating hospital following their inter-

nal procedures.
Total RNA extraction

5 mL for biometry and 10 mL for blood

chemistry were extracted from periphe-

ral blood in BD Vacutainer® tubes. For
total RNA extraction, erythrocyte lysis
was first performed using QIAamp RNA
Blood Mini Producer kit (Quiagen, Cat.
No. ID: 52304) according to the manufac-
turer’s conditions. The total RNA obtai-
ned was quantified using the IMPLEN®
NanoPhotometer P300 NP80 at 260/280

nm absorbance.

Reverse Transcription and Polymerase
Chain Reaction (RT-PCR)

According to the manufacturer, 500 ng
of total RNA was used for cDNA syn-
thesis, Revert Aid First Strand cDNA
Synthesis kit (Thermo Scientific K1622,
Cat. No.ID:10387979) instructions, using
the GeneAmp* PCR System 9700 ther-
mal cycler. For endpoint PCR amplifi-
cation, the MasterMix 2X kit (Promega,
Cat. No. ID: M750) was used according
For
primers, the sequences were used for
ObRb:  Fw: 5-GATAGAGAGGCCCA-
GGCATTTTTTA-3" and Rv:5-ACAC-
CACTCTCTCTCTCTCTCTCTT-
TTTTTGATTGA-3, for AdipoR1I:
Fw:5'-AATTCCTGAGCGCTTCTTCT-
TTCCT-3'" and Rv: 5-CATAGAAGAA-
GTGGACAAAGGCTGC-3', for CYPIY:
Fw:5-CAAGGTTATTTTTTGAT GCAT-
GG-3'" and Rv:5-AATCCTTGACAGAC-
TTCTCAT-3', as constitutive gene 18S was
used: Fw:5-GTCTGTGATGATGCCCT-
TAGA TG-3"and Rv: 5~ AGCTTATGACC-
CGCACTTAC-3' 3¢ They were taken to

to the manufacturer’s instructions.
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incubation on the GeneAmp* PCR System
9700 thermal cycler with the following pro-
tocol: denaturation at 94 °C /1 min, hybri-
dization at 60 °C /1 min, and extension at
72 °C /1 min for 35 cycles.

Electrophoresis

Products obtained from endpoint PCR
were loaded onto a 2.0 % agarose gel (Sig-
ma, Cat. No. ID: 1001134274), and electro-
phoresis (C. B. S. Scientific, MGU-203T-B)
was run at 90 Volts for 40 min. This using
1X TAE run buffer 40mM Tris-Base
(Sigma, Cat. ID No. ID 10708976001)),
40mM Acetic Acid (Sigma, Cat. ID No. ID
A6283), ImM EDTA (Sigma, Cat. ID No.
ID E7889) with 0.01 % ethidium bromide
(Sigma, Cat. ID No. ID: 1239458) as an
intercalating agent to visualize the obtai-
ned amplicon bands. They were developed
under UV light with the aid of the Photo-
documentator (UV Transilluminator ANT
Technology CUV 40A). Subsequently, the
optical intensity of the obtained bands was
quantified by densitometry and normalized
to arbitrary units corresponding to the po-
sitive control of the constitutive 18S gene.
Image ] 1.52a software (Wayne Rasband)

was used for image processing.

Statistical analysis

BMI data were analyzed using descriptive
statistics for general qualitative and quan-
titative variables, using IBM SPSS Statistic
25 2017 statistical software. The correla-

obesity and overweight in healthy women

tion analysis of BMI expression concerning
each ObRb, AdipoR1, and CYPI9 gene was
analyzed through Pearson’s correlation test
for those with a normal distribution and
Spearman for non-normal distribution data
using IBM SPSS Statistic 25 2017 statistical
software, considered a p-value of 0.05. Gra-
phPad Prism 7 statistical software was used

to generate the graphs.

Results

Determination of obesity and
overweight according to BMI.

A population of n= 45 volunteers were ob-
served with an average age of 60.7 * 6.8
years and an average BMI of 27.9 £ 4.1 kg/
m?®. They were classified according to BMI
into three groups: a) Volunteers with avera-
ge weight or normal weight, b) Volunteers
with overweight, and c) Volunteers with
obesity. We observed that 71.1 % of the
population presented a BMI higher than
25 kg/m* (22.2 % with obesity and 48.9
% with overweight), while the remaining
28.9 % were within the normal BMI.

Hematological and biochemical
characteristics.

According to Table 1, the data obtained from
the blood biometry for the three groups ave-
rage weight, overweight and obese, no signi-
ficant differences were found. For the blood

chemistry results, no significant differences
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were found between groups. However, it  volunteers showed an increase of more than

was observed that 64 % of the participating 150 mg/dL in triglycerides,

Table 1. Hematologic and biochemical characteristics of the study population.

44

Normal weight

(n=13)

Age (years) 60.84 + 7.78 60.50 + 7.80 60.4+523 0.986
Weight (Kg) 58.00 (55.5-61.00) 64.85 (60.87-64.85) 76.50 (69.25-89.00) 0.000
Height (m) 1.56 + 0.05 1.52 % 0.06 1.52 + 0.06 0.227
Leukocytes (10e3/ul) 618+ 1.57 6.02+1.58 6.83 % 0.89 0.349
Neutrophils (%) 59.50 (55.75-65.60) 54.10 (46.45-61.25) 54.40 (52.27-58.35) 0.225
Lymphocytes (%) 2813 £ 6.20 32,99 + 10.69 32,61 +7.99 0.290
Monocytes (%) 5324152 517+ 1.34 549 +1.53 0.840
Eosinophils (%) 1.90 (1.45-3.80) 2.35 (1.57-3.95) 3.45 (2.87-4.45) 0.829
Basophils (%) 1.0 (0.62-1.87) 0.8 (0.75-1.75) 0.9 (0.67-1.52) 0.783
Erythrocytes (10e3/ul) 4844026 4794033 4834028 0.878
Hgb (g/dL) 14.8 (41.1-14.8) 14.8 (14.27-15.67) 14.8 (13.77-15.67) 0.633
Hto (%) 47.08 £ 2.67 47.50 £ 3.60 45.61 £4.32 0.377
MCV (fL) 96.6 (93.5-102.0) 99.25 (95.32-103.37) 95.36 (84.57-97.67) 0.031
HCM (pg) 30.0 (29.9-31.45) 31.0 (30.30-32.70) 30.60 (9.47-31.45) 0.333
MCHC (g/dL) 37.70 (30.05-32.70) 31.90 (30.27-33.05) 32.10 (30.92-33.44) 0.933
RDW (%) 13.0 (12.85-13.60) 13.10 (12.6 -13.65) 13.65 (12.97-14.32) 0.223
HDI (g/dL) 2.53 (2.34-2.75) 2.54 (2.42-2.77) 2.56 (2.37-2.73) 0.766
Platelets (10e3/uL) 261.23 + 62.68 236.31 + 47.61 258.90 + 60.56 0.355
VMP (L) 11.18 + 1.19 11.51 +1.80 11.11 +1.96 0.766
Glucose (mg/dL) 95.4 (85.6-106.6) 99.7 (87.8-114.9) 95.90 (87.2-96.3) 0565
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Normal weight Overweight

(n=13) (n=22)
BUN (mg/dL) 13.0 (12.0-18.0) 28.8 (23.5-31.7) 18.0 (13.0-22.5) 0.078
Urea (mg/dL) 28.1 (26.3-38.8) 13.0 (11.0-15.0) 37.6 (27.4-48.05) 0.098
Creatinine (mg/dL) 0.79 £ 0.09 0.79 £ 0.11 0.89 £ 0.12 0.498
Uric acid (mg/dL) 4.78 £ 0.81 5.39 £ 0.79 5.70 £ 0.61 0.345
Cholesterol (mg/dL) 18222 +19.44 196.08 + 20.54 196.26 = 14.43 0.547
Triglycetides (mg/dL) 170.9 (132.4-259.2) 158.2 (132.4-272.1) 205.8 (138.4-283.3) 0.976
Abbreviations: BMI (Body Mass Index), Hgb (Hemoglobin), Hto (Hematocrit), MCV (Mean Corpuscular Volume), MCH (Mean Corpuscular
Hemoglobin), MCHC (Mean Corpuscular Hemoglobin Concentration), RDW (Red Cell Distribution Width), HDI (Red Cell Dispersion Index), PWV
(Platelet Volume). * Data out of range of the upper limit allowed.

Overexpression of ObRb and AdipoR1
genes in overweight and obesity

Endpoint RT-PCR detected ObRb, Adi-
poRI1, and CY19 genes. Fragments of each

(97 pb)
(100 pb)

(180pb) P

(177 pb)

of them can be seen in Figure 1, which
allowed us to detect differences in the ge-

nes’ expression among the participating

volunteers.
6 7 8 9 10 11
AdipoR1
— CYP19
— S Seas aeees s ObRb

- —— —— — — — — —— g

Figure 1. ObRb, AdipoR1, and CYP19 expression levels in postmenopausal women. Notes: The image of ObRb, AdipoR1, and
CYP19 expression levels shows the bands obtained from the RT-PCR reaction, including the 18S positive control.
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The optical intensity of the obtained bands  the positive control of the constitutive 185

normalized to arbitrary units concerning  gene was quantified (Figure 2).
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Figure 2. Effect of overweight and obesity on ObRb overexpression. Notes: Representative image of the effect of overweight
and obesity on ObRb and AdipoR1 overexpression. The optical intensity of the bands obtained by RT-PCR was quantified and
normalized to arbitrary units concerning the positive control of the constitutive 18S gene.
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Figure 3. Correlation of ObRb, AdipoR1 gene expression for BMI. Notes: Scatter plot of the correlation of ObRb gene expres-
sion with BMI greater than 30 kg/m2 on the right (t=0.648, p=0.043) and for AdipoR1 gene with BMI greater than 25 kg/m2
(= -0.389, p=0.034) on the left.
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Table 2 shows the evaluation of the corre-
lation of ObRb, AdipoRI, and CYI9 gene
expression for BMI, considering the classi-
fication of the 3 study groups (average wei-
ght, overweight and obese). Significant di-
fferences were obtained for the ObRb gene
with BMI higher than 30 kg/m? (p=0.043)

obesity and overweight in healthy women

and for the AdipoR1 gene with BMI higher
than 25 kg/m?* (p=0.034), suggesting an as-
sociation of the expression of these genes
with increased BMI (Figure 2 and 3). We
found no significant differences in control

for the gene coding for the aromatase en-

zyme (CYP19).

Table 2. Correlation of ObRb, AdipoR1, and CYP19 gene expression coding for aromatase enzyme.

< 25 Kg/m2 | > 25 Kg/m2 | > 30 Kg/m2
Gen/IMC

r r r
ObRb 0.217 0.576 0.165 0.382 0.648* 0.043
AdipoR1 0.444 0.231 -0.389%* 0.034 -0.464 0.177
CYP19 0.343 0.366 0.168 0.376 -0.115 0.751

* Moderate correlation
** Negative moderate correlation

respectively.

Notes: BMI less than 25 Kg/m2 (average weight), greater than 25 Kg/m2 (overweight), and greater than 30 Kg/m2 (obesity),

Discussion

Our study obtained from the analysis con-
cerning BMI showed a prevalence of up to
71.1 % of obesity (22.2 %) and overweight
(48.9 %). Similarly, in the 2018 Health and
Nutrition Survey (ENSANUT), a preva-
lence in women worldwide in Mexico was
estimated at 78.1 % when BMI was higher
than 25 kg/m?°.

However, several studies have suggested
using BMI as an anthropometric indicator
to determine obesity and metabolic risk
tactors. Furthermore, they should also con-

sider waist circumference values since it is

necessary to distinguish between body fat
37-39

and fat-free mass
In this sense, the guidelines on Prevention,
Diagnosis, and Treatment of Overweight
and Obesity suggest the performance of
clinical studies during the evaluation of pa-
tients with overweight and obesity, inclu-
ding blood biometry and other parameters
. It is important to emphasize that the eva-
luation of these clinical studies also allows
the early recognition of some metabolic or
cardiovascular diseases as recommended by
the Canadian Clinical Practice Guidelines
on the Management and Prevention of Obesi-
ty in Adults and Children 2006 *'. Notably,
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we did not observe significant differences

between the study groups.

Additionally, during the determination of
some parameters, as in the case of triglyce-
rides, 64 % of the studied population ob-
tained an increase higher than 150 mg/dL,
which is a normal range considered as heal-
thy, which could indicate a possible associa-
tion of increased BMI with high triglyceri-
de levels as shown by Calleja and Sanchez
(2012) *2. Tt is essential to consider that the
age of this study group was above 55 years
of age, and it is suggested that they were
close to the postmenopausal stage. Likewi-
se, Escobedo er al. (2014) noticed that the
older the age, the higher the prevalence of
presenting increased triglycerides, and that
the presence of the postmenopausal stage
could be directly related to BMT 2% -4,

On the other hand, one of the causes of
BMI variations is due to genetic differen-
ces, in this sense Tuomo Rankinen ez al.
(2005) presented the map of genes related
to human with obesity, reporting an asso-
ciation between DNA sequence variation
in specific genes such as ObRb, AdipoR],
and CYPI9 and phenotypes. However, the-

se differ between populations *'.

Our analysis of the long leptin receptor ex-
pression known as ObRb showed a modera-
te correlation of expression in women with
obesity (r=0.648, p=0.043). Several authors
have studied the expression of this gene in

various populations and have reported that

it plays a fundamental role in the pathophy-
siology of obesity by favoring an increase in
% body weight .

In the same way, we found a moderate ne-
gative correlation of the AdipoR1 gene with
overweight or obesity (r= -0.389, p=0.034),
coinciding with the finding of Rasmussen
et al. (2012), where it decreased in the pre-
sence of obesity but increased in the pre-

sence of overweight *'.

Indeed, we could not determine an asso-
ciation with the CYPI9 gene, possibly due
to some variations between individuals.
However, we suggest studying the presen-
ce of genetic polymorphisms that provide
more information about the association of
this gene with BMI *.

Conclusions

The present study demonstrated that.

1. There is a moderate correlation of
ObRb gene expression for patients
with BMI greater than 30 Kg/m?
(r=0.648, p=0.043) and moderate ne-
gative correlation with the AdipoR1
gene for patients with BMI greater
than 25 Kg/m? (r= -0.389, p=0.034)
in Mexican women from the State of
Mexico and older than 55 years of age
who are healthy. However, it is essen-
tial to ensure the data replication and
extrapolate it to the entire Mexican

female population, having more varia-
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bles that can influence the diagnosis
of this pathology and can be used as

predisposing factors.

. The increase of more than 150 mg/dL
of triglycerides in our study popula-
tion alludes to increased lipoproteins
and, therefore, the possible presence
of dyslipidemia associated with obesity
is possibly caused by physical inactivi-
ty inadequate nutrition. However, it is
essential to corroborate the behavior
of this parameter and others such as
cholesterol in different populations to

confirm the diagnosis.

. We suggest the importance of stud-
ying genetic polymorphisms or SNPs
in the genes involved with variations
in BMI and determining the circula-
ting blood levels of certain adipokines
such as leptin and adiponectin provide
more information about the associa-
tion with this pathology and the diffe-
rent phenotypes.

. We also suggest the importance of pro-
moting physical activity and providing
help on balanced diets to maintain a
BMI below 25 kg/m?, thus mitigating
the risk of developing obesity and de-
veloping metabolic and cardiovascular

diseases.
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Proposal for a model for the care of the sexual health of the
young adult before HPV
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Abstract

Introduction. Sexually Transmitted Infections such as HPV mainly affect adolescents and
young adults; Women are more susceptible to contracting them due to multiple factors.
Promoting sexual health has increased knowledge about prevention, but it is still insuffi-
cient. Objective: to propose a model of sexual health care in young adults before HPV.
Methodology: the focus of the study was qualitative, convenience sampling, with 13 se-
xually active key informants. A semi-structured interview was used in the data collection
to identify the paradigm of the young adult against HPV in three categories: sexuality,
risk of infection, and care. The theoretical proposal of the model reinterprets the concepts
to build the framework of the proposal. Results: beliefs or myths prevail about sexuality
limited to intercourse as the only source of pleasure; HPV is recognized as an STI, but it
is unknown if there are symptoms and it is confused with another STI; there is a risk of
infection mainly due to the number of sexual partners, the responsibility for care is left
to the couple, and health services are not used as a preventive form. The care proposal
emphasizes self-care according to this paradigm that integrates the physical, psychologi-
cal, self-knowledge and spiritual areas. Conclusions: self-care is an interesting concept to
address in promoting the sexual health of young adults in the face of the reality that they

live concerning ST1s.

Keywords: young adult, care, sexual health, HPV, self-care.

1.Universidad Auténoma del Estado de México, Faculty of Nursing and Midwifery, Toluca, México.

Corresponding author:
Maria de Lourdes Rico Gonzalez
E-mail: mlricog@uaemex.mx
ORCID: https://orcid.org/0000-0002-6410-3362

https://doi.org/10.22490/24629448.7533

53



54

NOVA. 2023; 21 (41)

Introduction

Caring is an innate characteristic of the hu-
man being; care is given to a sick person,
to a child while it is growing up, and to a
loved one, and this care implicitly involves
providing well-being; it is a relationship be-
tween two people, one who cares and the
other who requires care. Professional care
is developed by nursing professionals with
scientific knowledge in health, endowed
with technical skills that help individuals,
families, and communities to improve or
recover their health (1, p. 75) from the care

setting to the educational.

Based on these aspects, it is worth asking
why care or care is important. Colliere (2)
mentions that men have always needed
care because this act of life allows it to
continue and develop. On the other hand,
Leonardo Boff (3) refers that “care is
more than an act; it’s an attitude. But who
or who needs to be cared for? Waldow
affirms that “all beings are vulnerable in
their existence, but there are moments
or circumstances in which vulnerability
is more visible, and they need care” (4,
p.235). In each stage of life, the human
being requires care; in childhood, when
one is an adult, and in old age, there are
specific needs. From a demographic point
of view, the proportion of adolescents and
young people is the largest in the world
today; there are 1.2 million young people

between the ages of 15 and 24, represen-

ting 16% of the world population (5). As
a stage of human development, in ado-
lescence and youth, physical, emotional,
mental, and social changes begin during
adolescence, and a transition to adult life
is experienced; decisions are made regar-
ding a career, work, or starting a family.
The expression of sexuality -which has
begun during adolescence generally- is
lived according to the norms and rules
learned at home, with friends, or through
own experience; this determines a parti-
cular pattern of behavior, which may or

may not be healthy.

According to the United Nations Popula-
tion Fund (6), young people face the main
risks of unchosen, involuntary, and/or
unprotected initiation of sexual life, expo-
sure to unplanned, unwanted, or impen-
ding pregnancy risk conditions, and expo-
sure to an STI, of the latter, HPV is the
most prevalent. Its importance lies in the
fact that it is primarily asymptomatic, and
many women are unaware of the changes
it generates at the cellular level; therefore,
persistent infections are frequent and are
precursors of cervical cancer. According
to the General Directorate of Epidemio-
logy in 2021 in Mexico, the incidence of
HPV in the female population between
15 and 19 years of age is 6.8 new cases
per 100,000 women of the same age. For
the 20 to 24-year-old group increases to
21.3 cases. These data are not comparable

with men, where only those between 15
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and 24 years old represent 5.61 new cases
per 100 people of the same age range (7);
Another important fact is that according
to the 2021 National Health and Nutrition
Survey on COVID-19, only 36.9% of ado-
lescent women reported having received
the HPV vaccine (8).

Given this scenario, it is necessary to ad-
dress the care needs for HPV among young
people; Comprehensive sexual education is
a sexual right of adolescents, as well as in-
formation about sexuality; these and other
rights promote and protect health, well-be-
ing, and dignity by providing the necessary
tools to have knowledge, attitudes, and
skills (6) and is a condition for adolescents
and young people to exercise their sexuality
with autonomy and responsibility. In this
sense, international programs focus on pro-
moting sexual health, understood as a state
of physical, mental, and social well-being
that includes the experience of sexuality
pleasantly and safely (9), primarily through
education and information comprehensive,
prevention of gender violence, HIV preven-
tion, psychosexual orientation, contracepti-
ve methods, among others (10 ). Returning
to these guidelines, in Mexico, there are
Specific Action Programs for Sexual and
Reproductive Health, but they are directed
mainly toward adolescents. However, it is
said that fewer risky behaviors are incurred
among young people; statistics show high
rates of STIs and HPV in this age group,

mainly among women. Given this, three

of the young adult before HPV

risk behaviors related to the spread of HPV
have been identified and their inclusion in
educational strategies in health promotion:
early initiation of sexual relations, not using
condoms frequently, and having multiple
sexual partners, in addition to preventive
information related to the infection and the
knowledge and application of the vaccine
is integrated, obtaining favorable results
to increase knowledge on these topics (11-
13). Although there are advances, why does
HPYV persist in this population despite the

attention in preventive matters?

According to Heredia and Rodriguez (14),
in Mexico, there are two models in the aca-
demic field to approach sexual education:
a model of education for reproductive se-
xual health, which prioritizes responsibi-
lity to acquire knowledge, attitudes and
healthy and healthy styles, and the model
of integrated sexual education, whose pur-
pose is the learning of cognitive, physical,
social, and emotional elements of sexuality.
However, programs aimed at adolescents
are dominated by biomedical content (15,
16 ). Nursing interventions in the field of
sexual health have focused on sexual edu-
cation, as shown by various studies (17-19).
Still, it is also It is important to recognize
who the young adult is and the behaviors

that make them vulnerable to infection.

This reflection led to consider other aspects
of the human being such as the percep-

tion or beliefs about the infection, as well
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as the methodologies used to address this
issue that have focused on the informati-
ve aspect and today must be expanded and
oriented towards the experience of sexuali-
ty, the meanings they attribute to life, the
body, care, among others (20). In this sen-
se, Foucault shows a perspective towards
self-care, which can be applied to sexual
health care; Self-care is knowing, training,
and improving oneself to assume certain
established rules and principles (21). This
is conceptualized as a set of activities that
a person usually performs to satisfy their
own needs; It is a basic attitude of the hu-
man being that responds to physical, spi-
ritual, intellectual, psychic, and emotional
needs of himself and others; it demands the
cultivation of being integral: body, psyche,
mind, and spirit (22).

Promoting self-care from this age is relevant
for different reasons; Exposure to infection
is determined by the beginning of sexual
life, which occurs in the stage of adolescen-
ce and young adulthood to a lesser extent;
young adults are the population group with
the least approach to health services, the
perception about of infection is low com-
pared to cervical cancer, it takes more than
knowledge to adopt preventive behaviors.
Universities are spaces where they develop,
learn and acquire habits; therefore, attention
and care become key elements to dealing
with the issue of STIs and their implications
for health and using the means and resour-

ces available to create strategies. and alterna-

tives that affect care in their lives. For this
reason, the objective of this research is a

proposal for sexual health care emphasizing
self-care before HPV.

Methodology

The study has a qualitative approach; a
Non-probabilistic sample made up of 13
young adults between 18 and 25 years
old, men and women from the first pe-
riod of the Nursing career at UAEMex in
February-July 2018 with the beginning of
sexual life. Data collection was through a
semi-structured interview that began with
a trigger question: What care do you take to
prevent HPV infection? This question ge-
nerated additional questions that provided
valuable information in analyzing the care
carried out by the young adult against this
infection. The participation of the students
was voluntary, informing previously and
verbally about the objective of the study in-
terview, and an informed consent letter was
provided where the confidentiality of the

data was emphasized.

The generation of a care proposal poses a
series of steps or phases; It is a systematized
process comprising a reference framework
or theoretical framework and a methodolo-
gy. Implicitly is the planning, development,
implementation, and evaluation of the
same as organizing the data. For the first
phase of the proposal, the construction of

the reference framework started with the
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content analysis that investigated the mea-
ning of infection for young adults and the
care they take to prevent it, transforming
unstructured textual data into structured
ones. This analysis allowed us first to know
young adults’ paradigm regarding infection
and care for its prevention, from their rea-
lity and from which the main concepts that
include the proposal in self-care were iden-
tified. Considering basic elements already
incorporated into educational strategies
and care needs interpreted from qualitative
data. The analysis generated three main ca-
tegories: construction of sexuality, vulnera-

bility, and self-care.

For the definition of these concepts, theore-
tical references such as Heidegger, Foucault,
Colliere, and Leonardo Boff were taken up
again, which respond to the objective of
the proposal, that is, from an existentialist
approach, propose a proposal that responds
to the concerns and needs and care that the
young adult lives and feels, as a person who-
se existence gives him at some point in his
life the expression of his sexuality, the expe-
rience of care and the self-care for authen-
tic existence, that is, living with the greatest

possible freedom and responsibility.

For this study, the general principles of the
Declaration of Helsinki are considered in
sections 19 and 20, on vulnerable groups
and the confidentiality of information. Re-
garding the General Health Law in force
in Mexico, article 100 preserves respect for

the dignity, protection of the rights and

of the young adult before HPV

well-being of the individual and does not
expose them to any risk during the develo-
pment of the interview or for the investiga-
tion. Finally, an Ethics Committee appro-

ved the development of the research.

Results and discussion

The paradigm of young adults regarding
HPV was organized into three main areas:
sexual behavior, risk of becoming infected,
and care (Table 1). Based on the WHO de-
finition, sexuality is lived and expressed
through various forms according to the
context in which the young person lives and
practices his sexuality, influenced by bio-
logical factors and social, cultural, ethical,
and religious issues, to mention a few (10).
This gives them a particular conception of
sexuality while they are integrating their
paradigm; the construction of knowledge
about sexuality permeates the sexual beha-
viors they practice and how they perceive
the presence of STIs, particularly HPV. In
this paradigm, the biological part of sexua-
lity still permeates the group of young peo-
ple; It is already known that the beginning
of sexual life is decisive for exposure to the
genital HPV virus, but if added to this it
is observed that young people see sexuality
as only sexual contact with another person
(with or without reproductive purposes),
it implies that they do not recognize other
forms of sexual pleasure or satisfaction and
it is very likely that young people expose

themselves to problems related to STIs sin-
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ce they do not distinguish other forms of
sexual expression that can protect them or

at least reduce the risk of infections, even

more so if these They do not show apparent

symptoms such as HPV.

Concepts

Sexuality

Table 1. The paradigm of young adults regarding HPV

Young Adult Paradigm

® Sexuality equals reproduction.

® Physical differences between men and women.

® Sexuality focuses on genitals.

® Intercourse as the only form of pleasure.

® Meet the couple.

® There is a sexual morality that approves or disapproves of sexual behavior, it is related to the stigma of HPV (rejection from the
family).

Risk of beco-
ming infected

® Have an active sexual life.

® Multiple sexual partners.

® The lack of symptoms.

® It is an infection associated with cervical cancer.

e It is recognized as an STT and is a normal infection.

® Listen and learn about HPV infection.

e Confusion of symptoms with other STIs, mainly HIV.

® The woman is more at risk since the man is only a virus carrier.

® The risk of becoming infected is higher among men than women.
® The infection is preventable.

Careful

® Use of condoms as a safe method, but to prevent pregnancy, not STIs.

® Having only one sexual partner.

® The carly start of sexual life is not an important care element.

e Little attendance at diagnostic studies (vaginal cytology).

® Low percentage of women with HPV vaccine application.

® Going to the doctor is the most visible form of care, but not until they observe a sign or symptom.
® The responsibility of caring for oneself falls on the couple (mainly from woman to man).
® There is a feeling of indifference to information as a way of taking care of yourself.

® Care is directed toward preventing pregnancy, not an STL.

® Poor communication with the couple.

® Desire to take care of yourself vs ways of taking care of yourself

Source: Semi-structured interview. Own elaboration

The risk of infection is another aspect that
impacts health care in the face of an STL
Since HPV is a very frequent STI, it is to
be assumed that young adults have infor-
mation about it; in fact, it was identified
that there are differences between hearing
about the virus and being aware of it. And
this could be observed when young people
identify the main forms of contagion that

have to do with sexual behavior (although

for this study, the early age for the onset
of sexual life was not recognized as a risk
factor), which was included in educational
strategies to prevent STIs. Knowledge also
accounts for the tools that young people
have to protect themselves against infec-
tion, and this is one of the most studied
aspects in research on HPV; Risk behaviors
and, therefore, the preventive part are iden-

tified, but they are unaware of its associa-
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tion with cervical cancer and whether or
not there are symptoms, which is why it is
often confused with other STTIs such as her-
pes, gonorrhea or HIV/AIDS. However, in
addition to sexual behavior and knowledge,
an aspect little studied was identified wi-
thin risk; perception: it is recognized that
the risk is greater among women since the
man is a carrier (23), but in this study, it is
men who are recognized as more suscep-
tible to becoming infected, which was re-
vealing and interesting data from analyze;
and this can be related to how they pro-
vide care, an aspect that will be discussed
later.Finally, how young adults take care
of themselves starts from the transmission
factors themselves. Still, with some parti-
cularities: of the three known risk beha-
viors, the one most related to HPV is that
of multiple sexual partners; the use of con-
doms is referred to as a preventive method,
being this more common and accessible, al-
though more towards avoiding pregnancies
(24) and, the age of onset is not considered
as a conduit of transmission, neither risky

nor much less preventive.

Health services are essential in preventing
STIs and even more as a preventive mea-
sure; this was another relevant aspect wi-
thin the young adult paradigm: attendance
at screening programs such as Pap smears
by women is low, and a minimal proportion
of them have been vaccinated against HPV.
Since exposure to the virus occurs from

the beginning of sexual life, it represents

of the young adult before HPV

one of the great challenges for working be-
tween institutions and society in general to
destroy taboos and factors that impact at-
tendance at health services; Young adults
do not attend sexual health training or wot-
kshops as a way of taking care of themsel-
ves, but rather because they are educatio-
nal programs at school or they respond to
scheduled appointments at health centers

as part of government program support.

An interesting aspect of addressing and
analyzing is that they are not aware of
self-care; that is, men and women know that
they must take care of themselves so as not
to become infected, but the care falls on the
behavior and knowledge of the couple: they
refer to the fact that they can take care of
themselves by going to the doctor or using
protection methods, but in the end, they do
not know if their partner will have multiple
partners or if they go to the doctor, which
exposes them to contagion regardless of
what each one does. Here it can be deduced
that, on the one hand, they desire to take
care of themselves and be healthy. Still, in
their behavior, the lack of knowledge, cou-
ple care, seeking information, and approa-

ching health services prevail.

For the second stage of the model proposal,
the concepts that frame the care proposal
were defined -where the person, the envi-
ronment, health, and care are implicit as ba-
sic elements- to establish new meanings in
the health-HPV relationship. that guide new
care guidelines for HPV and other ST1Is.
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Table 2. Conceptualization of the care proposal

Young Adult HPV Paradigm

Concepts

Young Adult Paradigm

From the point of view of sexuality, it is important
to point out that certain beliefs or myths about

Conceptualization of the care proposal

Concepts

Experience of

Framework

Rubio (25) refers that the experience of human sexuality

ming infected

partners stands out, they do not have apparent
symptoms, and the woman is vulnerable since the
man is only a carrier of the virus.

Sexuality sexuality still prevail, referring only to sexuality. pre- sexuality focuses on 4 dimensions or holons: reproduction, gender,
sence of intercourse (anal, vaginal, oral) as a source eroticism, and bonding, affective
of pleasure.
They are defined as vulnerable to a specific threat or, one
is vulnerable to being in a situation of loss, which can
be health, employment, etc. Being vulnerable can appear
before the situation, which makes it more or less prone to
a specific loss; that is, it is susceptible or, after an event, to
It is related to the knowledge and perception of the how the individual deals with the situation (20).
infection: HPV is recognized as an STT and it is a
. normal infection because it is frequent; Although In this sense, being vulnerable to STIs has various aspects,
Risk of beco- . . . . . - . ; . S
risk behaviors are recognized, having multiple sexual | Vulnerability one is vulnerable in various ways: individually and collec-

tively. In the first, the stage of youth itself, which is full

of physical, psychological, and emotional changes, makes
young adults prone to acquiring STIs; on the other hand,
the context in which they live make them vulnerable becau-
se it exposes them to risks, such is the case. the case of the
beliefs, norms, or ethics under which it has been formed
and creates patterns of more or less predictable behavior
in this population.

Careful

The use of protection methods such as condoms
and the age of sexual initiation is not considered
important factors in care or first choice against
HPV, there is little assistance to health services as a
preventive form, and few women attended to receive
the vaccine. This shows that there is little search

for information, couple care is infrequent, and the
responsibility is left to the couple.

Take care of
existence

Being in coexistence with the world. The consciousness
of being determines existence; it understands itself from
its existence, from the possibility of being or not being.
To exist is to always be on the way through the experien-
ces encompassing consciousness, the way of living in the
world with a particular meaning (21; 27). The young adult
must become aware of his being, this implies realizing
his existence, and his existence is knowing himself and
the world where he is and from this, being free to make
decisions.

Take care of
sexual health

Recognize that sexual health is part of a person’s overall
health and should consider removing barriers or prejudices,
valuing their own body, seeking information about repro-
duction, establishing meaningful relationships, making
informed decisions, and maintaining effective communica-
tion, characteristics of a person sexually healthy.

It requires comprehensive education, training, and support
for health professionals, comprehensive sexual health ser-
vices, and promoting research on sexuality that generates
new knowledge and new forms of care (28, 29).

Self-care

Self-care is conceptualized as a set of activities a person
usually performs to satisfy their needs. In addition to
health care, it takes care of thoughts, attitudes, behaviors,
emotions, values, and biopsychosocial needs, including
goods and everything that generates well-being (22). This
makes it possible to focus care on the individual's ability
to seek care to prevent risk behaviors, prevent adverse
situations, and promote a vision of promoting life rather
than care for the disease and thus influence the perception
of care that young adults have regarding HPV infection
and seeking care
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This conception established the relations-
hips between these concepts and the logi-
cal process guiding the proposal as shown
in Figure 1. Being a young adult implies
a stage of changes in many areas, prepa-
ring for academic or professional life, but
rarely think about planning to take care
of health and much less sexual health,
and this is mainly because of the stage of
youth where people perform multiple ac-
tivities, and young people have a sense of
well-being, which leads them to take ris-
ks without realizing it the consequences
in the medium or long term because it is
a “healthy population” and the disease is

not “part of their life.”

These behaviors are determined accor-
ding to an established role and personal
experiences, the experience of friends,
acquaintances, or strangers, as well as in-
formation sources related to technology
and health personnel, complement their
knowledge about their sexual health and
the behaviors that “ must be carried out”,
although many times these are not heal-
thy. In addition, there are beliefs, morality
and ethics of the family and the commu-
nity influence the behavior of the young
person even without him being aware of
this, however, social pressure most of the
time points them out for not meeting ex-
pectations their role as men or women in
the sexual realm. These situations place
the young adult in a state of both physical
and social vulnerability; Although physi-

of the young adult before HPV

cal vulnerability has been addressed more,
it should be noted that since they are in a
late adolescence stage, the growth phase
has not yet ended and the lack of tissue
maturation (for example in the cervical
area) as well as other Cofactors such as the
use of oral contraceptives or the abuse of
tobacco use may favor the easy acquisition
of the infection, aspects that should con-
tinue to be reported in educational pro-
grams (30-32). Social vulnerability on the
other hand speaks of the context of the
young adult; sexuality continues to be a
taboo subject in Mexican society and this
aspect should be considered when propo-
sing a strategy to promote healthy sexua-
lity because young adults cannot be isola-
ted from their environment, or suddenly
change the way they think and in what you
think is right because you were taught that
way or because experience has dictated it
that way. Many times, you can’t change the
environment, but you can find tools that
become an opportunity to want to take
care of yourself. Faced with this reality
but also perceived vulnerability, interven-
tions in their health care become essential
for their well-being; the health professio-
nal’s role in this aspect must be guided by
always listening to the young adult and his
feelings about his sexuality and how he li-
ves it. This is an important point because,
for many young people, talking about this
subject is overwhelming, and their first
approach to health services is usually one

of rejection or prejudice.
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Based on these reflections, the proposal
emphasizes self~care as a goal; This was
an aspect identified as a prevailing need
for care by young adults in their sexual
health care, although not consciously;
the majority of young people (men and

women) leave the responsibility for their

health care to their partner, so the risk
of HPV infection is given “by what the
other does or does not do” about care in
your sex life; not only because of the re-
lationship with one’s own body but also

with others and the environment.

Figure 1. Care proposal based on the young adult paradigm and frame of reference.

This makes it possible to elucidate that ta-
king care of sexual life is not only using the
condom correctly and frequently, having
only one sexual partner and having infor-
mation, but also the awareness of human
existence, valuing the body, communica-
ting with people, their own pleasure, sexual
satisfaction, mental and spiritual well-being
that make sexual life more fulfilling at this
stage of life; with informed decisions and
with the responsibility to also care for the
other, from the perspective of promoting

sexual health.

For Heidegger, care seen from existentia-
lism is before any attitude that the person
may have or the situation in which they find
themselves, it is the first root of the human
being and it is an essential way of being; and
this arises when the existence of the other
person is important to me as a person, it re-
presents an intrinsic action, but at the same
time it is a conscious act born from the
circumstances, caring and taking care of
oneself is recognizing one’s own existence
in the first place (33 ). In accordance with

Boff, caring is an essential characteristic of
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the human being and lies in its own nature;
this human condition reveals an evolution
of their physical condition, thoughts and
emotions in the interaction and adaptation
with their environment. This must provide
a sense of existence and, therefore, a value
in caring for life, the other, and the world

in which one lives (3).

Now, and returning to the existential part

of care, self-care (Figure 2), according to

of the young adult before HPV

Foucault, creates a consciousness that then
allows the potentization of both individual
and group strengths to care for oneself
above all else, not because it is present in
this world, but because his existence requi-
res him to take care of himself so that this
existence is authentic, and that is where we-

lI-being fits.

Figure 2. Base elements for self-care as a care model for HPV in young adults.

It is a way of caring that enables the person,
it is an interpersonal relationship, it also
represents an educational approach at the
individual level, and it represents a trans-
formative practice because it is a model of
understanding, respect, sensitivity, and so-

lidarity, which make up dimensions of care

through accompaniment and monitoring in

the first individual instance.

Self-care appeals not only for the assistance
of urgent needs but guides the individual,
family or community to take care of their

health, a fact that implies a constant throu-

63



64

NOVA. 2023; 21 (41)

ghout their lives. Foucault also mentions
that taking care of oneself is to know, train
and improve oneself in order to assume cet-
tain rules and principles established in mo-
rality that led to the truth (21). It has to do
with the relationship with others because it
involves how one takes care of oneself and
of caring for others, but self-care should
always be above all else because it is ethica-
lly and ontologically the first philosophy of
the relationship with oneself; this is related
to the body constitution and the soul which
are connected and represent the actions of
people; that is, that the body is understood
in addition to the biological aspect in the
relationships and experiences that the per-
son lives as well as the educational proces-
ses that make up this relationship between
body and soul to seek virtues and cultivate
them, in the formation and authentic valo-
rization of the body itself (34 ).

Aspects that need to be taken up again
within the physical aspect of caring for
oneself are the assessment and knowledge
of one’s own body; most young adults are
unaware of signs and symptoms not only
of HPV infection but of other STIs, or
there is confusion about it. This leads to
the fact that in the event of an anomaly,
men, and women see as normal what is
some alteration, in addition to the feelings
of shame that this can lead to, and therefo-
re, they are not tended promptly. Althou-
gh some infections can present symptoms,

many others are asymptomatic, making

their identification difficult. One of the
proposals that at the educational level is
integrated into the strategies is to provide
information on STIs such as syndromes;
that is, various STIs share signs or symp-
toms, and in the event of any of them, it
is important to check oneself. This breaks
with a traditional scheme of listing STIs
and their characteristics, information that
is little captured by young adults. They ge-
nerally have information on the most fre-
quent ones or those where more preven-
tion is done, such as HIV or HPV.

Another aspect identified and that gains
importance is that sexuality is seen in ad-
dition to reproductive purposes, such as
only having coital relations. Undoubtedly,
it is a way of experiencing pleasure, but
it is not the only one. This perception of
sexuality limits its exercise to the genitals
(29), considering there are other ways of
experiencing pleasure without necessarily
having intercourse. This aspect is impor-
tant because susceptibility can be reduced
if you have other practices (whether with
safe sex or protected sex) where the risk of
becoming infected is lower. This informa-
tion should be provided within educatio-
nal programs on sexual health and contra-

ception promotion.

Self-knowledge is another element to con-
sider as a way of taking care of oneself, un-
derstood as the person’s beliefs about the
qualities that make them know themselves.

This faculty of observing themselves (in-
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trospection) accounts for their thinking
and the meaning of their experiences. This
includes both self-esteem and self-concept
(35). According to Guevara (22), these as-
pects are key to developing favorable beha-
viors and is based on values that produce
well-being and feeling good about oneself,
which generates behaviors that protect
health. Hence, strengthening these aspects
can help to change the behavior of unheal-
thy lifestyles observed by the same young
adult; behavior or behavior change is the
goal to prevent STIs and is an aspect that
takes a long time to achieve Because it is a
process and often remains unfinished, it re-
quires a commitment from both the young

adult and the nursing professional (306).

Finally, one of the aspects that are left aside
is spiritual needs, understood not as religio-
sity (which will undoubtedly be important
in the life of the young adult if he considers
it a significant aspect) but as those activities
that, in addition to feeling a feeling of plea-
sure, have a meaning in my person, my life,
with my family or in my social relationships
or as a couple. This meaning creates a fe-
eling of well-being and commits me to my
person, my health, and its care not as a duty
but with the responsibility and freedom of

how I want to live and exercise sexuality.

Conclusions

Given the statistics that account for the

constant incidence of STIs, health strate-
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gies promote sexual education focused on
reducing risky sexual behaviors mainly, fo-
cusing on using condoms and emphasizing
contraceptive methods in case of unplan-
ned pregnancies desired. These strategies
are focused on the adolescent population,
which, although it is a vulnerable popula-
tion, ranges from young people from 19 to
25 or up to 29 years of age also requires
joining health programs related to sexua-
lity and reproduction and considering be-
yond contraception, beliefs, perceptions,
and thoughts about sexuality not only in
the physical sphere but also in the social
or spiritual sphere, aspects that, according
to Rubio Aureoles, need to be in harmony
for health education strategies to be more
effective. Healthy sexuality is essential for
these young people because it impacts the
development of other spheres of life (social,
psychological, etc.), and learning to take
care of it brings well-being, security, satis-
faction, fulfillment, or any other feeling
that gives the young adult a pleasant sensa-
tion. Taking care of oneself is not learned
overnight if it can be taught; it is a process
and, as such, requires a path that must be
guided by personnel who demonstrate em-
pathy and the responsibility of wanting to
know the other person to offer their aid;
on the other hand, the young adult must
have a willingness to know himself in all
areas of his life, because in this way he will
identify the strengths and weaknesses that
he can use in his health care through being

aware of his existence and the changes you
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can make in your life that put your health
at risk. Taking care of your own health by
taking care of the other, of your partner,
because it reflects what you do for yourself
and exercising healthy and responsible se-

xuality by your own way of seeing life.
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Abstract

Introduction. Abdominal pain is a frequent reason for consultation in the emergency de-
partment, being the result of various pathologies, mostly of benign origin. However, the lack
of timely identification and treatment can lead to significant complications. Objective. The
purpose of this review is to deepen in the etiology of acute abdomen in pediatric patients.
Accurate identification of the underlying cause not only enhances early diagnosis, but also
plays a crucial role in mitigating potential complications. A thorough understanding of the
origin of this condition lays the foundation for the implementation of more accurate treat-
ments, with a positive impact on medical care. Methodology. An exhaustive literature search
was conducted in renowned databases such as Pubmed, Google Scholar, ScienceDirect and
Springerlink, as well as in medical literature, during the period from June to December 2021.
This systematic review addresses the essentials of the topic of Pediatric Acute Abdomen, a
frequent clinical entity in both emergency settings and pediatric primary care. Of note is
the lack of familiarity with this phenomenon, as well as the need for studies addressing the
predominant causes according to different pediatric age groups. In addition, there is a noto-
rious lack of specific data on this phenomenon in the context of pediatric health in Mexico.
Conclusions. This analysis aims to fill this gap, providing a more complete and detailed
view on acute abdomen in pediatric patients, underlining the urgency of further research to

enrich our understanding of this pathology in the Mexican setting.

Keywords: abdominal pain, acute abdomen, pediatric patient, diagnosis, evaluation, me-

dical education.

1.Ciprés Grupo Médico.
2.Universidad Auténoma del Estado de México.

3.Hospital Materno Perinatal “Mdnica Pretelini Sdenz”.

Corresponding author:
Hugo Mendieta Zerén
E-mail: hmendietaz@gmail.com
ORCID: https://orcid.org/0000-0003-3492-8950

https://doi.org/10.22490/24629448.7534

69



70

NOVA. 2023; 21 (41)

Introduction

The International Association for the
Study of Pain (IASP) defines pain as “an
unpleasant sensation and emotional expe-
rience in response to actual or potential tis-
sue damage”. Acute pain is primarily due
to sudden tissue, parenchymal or organ
injury due to a postoperative event, trau-
ma or, among others. (1) “Acute abdomen”
(AA) is characterised by a 48-72 hours pro-
gression, with pain which is continuous,
severe, localised or generalised and pain-
ful at abdominal palpation, in addition to
deterioration of general condition. “Acute
abdomen” (AA) is characterised by a 48-
72 hours progression, which is continuous
and severe. In addition to deterioration of
general condition and painful abdominal
palpation. (2) Also, it constitutes a set of
signs and symptoms; like nausea, vomiting
and fever, that manifest the existence of
an intra-abdominal disorder that may re-

quire surgical intervention. (3)

Within the emergency department and pri-
mary paediatric care, abdominal pain is
usually one of the most frequent reasons
for consultation and in most cases tends to
originate from non-surgical causes, which is
why an adequate differential diagnosis is ne-
cessary according to its presentation in acu-
te episodes, and intermittent and recurrent
abdominal pain. Diagnosis and therapeutic
follow-up depend on the patient’s age, as the

causes are different with development.

Acute abdomen is a spectrum of diseases
that have insidious and unbearable pain as
a common feature; depending on its loca-
tion in different quadrants of the abdomen,
it can indicate the root of the etiology. (2)
This spectrum requires an in-depth study
of the causes, because despite being a com-
mon entity in the paediatric population,
the symptomatology is ambiguous, not to
mention that in this age group, infants ma-
nifest pain through crying, making early
diagnosis difficult; this is often unneces-
sary because it is based on an erroneous
examination (4) or because the peritoneal
innervation is too extensive, which causes

more intense pain than the real source. (5)

Acute appendicitis is generally one of the
most common causes of surgical acute ab-
domen in children, although it can be diffi-
cult to differentiate from other actiologies.
(6) Based on acute abdomen, Villegas (Oc-
tober 2017) mentions: “the most frequent
surgical conditions in pediatric patients are
appendicitis, and intussusception (the most
common cause of intestinal obstruction, be-
tween three months and six years of age, 90%
of cases occur before 24 months of age)”.

Despite efforts to make imaging a more
accurate diagnosis, clinical manifestations,
as well as physical examination, remain the
cornerstone of diagnosis. (7) The aim of
this review is to analyse and unify the exis-
ting information on acute abdomen in the

paediatric population.
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Etiology

There are multiple classifications to find
the aetiology of acute abdomen in pae-

diatric patients, for example, the location

of the pain. Figure 1 shows a scheme that

FIGURE 1. ACCORDING TO: IVAN BAUTISTA, IVAN RIVAS, GERARDO
BLANCO.

illustrates the most common aetiology of
AA, in relation to the region where the

pain is located:

« Epigastric: initial stage of
appendicitis, pancreatitis, acid peptic
disease.

« Periumbilical: early stages of
appendicitis, Meckel's diverticulum,
gastroenteritis, constipation.

« Right flank: cholecystitis,
cholelithiasis, hepatitis, irritable
colon.

* Lower i B

i Epigastric

Periumbilical

ovarian cyst, ovulation hemorrhage,
urinary tract infection, adnexitis,
testicular torsion.

+ Right iliac fossa: appendicitis,
ovarian cyst, ectopic pregnancy,
ileitis, ic ad urinary

Lower
miabdome
n

tract infection.

Figure 1. Own elaboration based on 8. Antonio ], Cadenas A, De La M, Espi T. Diagnostico y tratamiento del dolor abdominal
agudo (abdomen agudo) en Urgencias. Soc Espafiola Urgencias Pediatricas [Internet]. 2020;1:197-213. Available from: www:.
aeped.es/protocolos/

The actiology of acute abdomen varies ac-
cording to the age of the patient, as ob-
served in the study carried out by the Pae-
diatric Emergency Department, Hospital
Infantil Universitario Nifio Jestus, Madrid,
Spain, the aetiologies of AA most frequent-
ly found in patients under two years of age
are: intestinal invagination, acute appendici-
tis, intestinal volvulus, incarcerated hernia;
in children from 2 to 5 years of age: acute
appendicitis, incarcerated hernia, Meckel’s
diverticulum, intestinal obstruction due to
previous surgery, tumours; in children over
5 years of age: acute appendicitis, Meckel’s
diverticulum, intestinal obstruction due to

previous surgery, tumours: acute appendici-

tis, incarcerated hernia, Meckel’s diverticu-
lum, intestinal obstruction due to previous
surgery, tumours; in children older than
5 years: acute appendicitis, inflammatory
bowel disease (IBD), cholecystitis, pancrea-
titis, diabetic ketoacidosis, testicular/ova-
rian torsion, nephritic colic and tumours;
while in adolescents the following stand out:
acute appendicitis, testicular/ovarian tot-
sion, pelvic inflammatory disease, nephritic
colic, cholecystitis, pancreatitis, hepatitis,
IBD, tumours and ectopic pregnancy in the

case of the female sex. (8)

Finally, and with a focus on the current

perspective of the COVID-19 pandemic, a
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study was conducted in the Department of
Paediatric Surgery, Hospital Universitario
Pediatrico Nifio Jestus in Madrid, Spain in
patients under 18 years of age with a clinical
diagnosis of suspected acute abdomen with
COVID-19. In all cases the reason for ED
consultation was abdominal pain, main-
ly generalised or localised in the left iliac
fossa, associated with fever, vomiting and
diarrhoea. This retrospective observational
study concluded that SARS-CoV-2 infec-
tion can cause digestive symptoms as the
first clinical manifestation, simulating AA.
It is therefore important to perform a good
differential diagnosis, a good clinical his-
tory and a complete physical examination,
not forgetting blood tests and imaging, to
avoid paediatric inflammatory multisyste-
mic syndrome. (9) With this evidence it can
be said that a possible new cause of acute
abdomen in the paediatric age group is de-
rived from SARS-CoV-2 disease.

Pathophysiology

The pathophysiology of the acute abdomen
(AA) is addressed by studying its main and
most frequent expression: abdominal pain.
The definition of pain according to the
International Association for the Study of
Pain (IASP) states that: “Pain is an unplea-
sant sensory and emotional experience associa-
ted with or similar to actual or potential tis-
sue damage”, being abdominal pain as long

as it is located in this specific anatomical

region even if the damage is not located in

any abdominal structure. (10)

To approach the type of acute abdominal
pain, it was classified according to its origin
and its pathophysiological mechanism. De-
pending on its origin, it is subdivided into
abdominal and extra-abdominal pain, the
former considers the damage in any segment
of the digestive tract, either solid viscera or
abdominal structure (spleen, pancreas, liver,
gallbladder or mesentery), as well as dama-
ge to the genitourinary system, spine, skin
or soft structures of the abdominal wall (2),
while the extra-abdominal pain is that da-
mage whose origin is in structures far from

the abdomen, such as the thorax.

To understand the pathophysiological me-
chanisms of abdominal pain, we must be
clear about some basic points about the re-
ceptors, the stimuli and their distribution
in the organs involved, as well as their clas-
sification into three categories: visceral, pa-

rietal and referred.

Pain receptors (nociceptors) are free nerve en-
dings located in various tissues that are sen-
sitive to mechanical, thermal and chemical
stimuli (11) with little or sometimes no adap-
tation to them; Regarding AA, their loca-
tion in the wall of the hollow viscera, in
the capsules of solid organs, in the parietal
peritoneum (the visceral peritoneum lacks
these receptors) and in the mesentery must
be remembered, as well as the predominant

painful stimuli in these structures, which
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are mechanical and chemical, represented
by distension, ischaemia and inflammation
respectively, the latter mainly in the muco-
sa of the hollow viscera, which are especia-

lly sensitive to chemical stimuli. (12)

The receptors when excited will generate an
electrical signal which travels along specific
nerves depending on the damaged tissue and
the type of painful stimulus involved, fac-
tors which together with the patient’s own
characteristics, such as pain threshold, will

define the different characteristics of pain.

Symptomatology

An in-depth study of the patient’s symptoms
will allow the clinician to make a diagnosis
and adopt an appropriate course of action to
speed up patient care and avoid excessive re-
quests for laboratory and imaging studies that

would delay the resolution of the condition.

We divide the important symptoms to in-
vestigate in the course of the AA that ac-
company the pain into two categories: di-
gestive and extra-digestive symptoms. (2)
Digestive symptoms include: vomiting,
diarrhoea and constipation, while extradi-
gestive symptoms include: fever, voiding
symptoms, cough, rectal bleeding and gy-

naecological symptoms in adolescents. (15)
Digestive symptoms include:

* Vomiting: It is very unspecific and

can accompany almost any childhood

pathology. Despite this, some of their
characteristics point to the existen-
ce of an important organic pathology
(surgical or otherwise). (15) Food vo-
miting, bilious vomiting, faecal vomi-
ting that are persistent and follow pain

are indicative of surgical pathology. (2)

Alterations in bowel habits: It is im-
portant to know whether diarrhoea or
constipation and the presence of mu-
cus, pus or blood in the stool coexist
with the pain, as this will indicate
the cause. For example, the most fre-
quent cause of pain with vomiting
and diarrhoea is acute gastroenteri-
tis, although it may also be the clini-
cal presentation of appendicitis (stools
of a soft and scanty consistency may
appear), mainly retrocecal. (15,16) In-
flammatory bowel disease (IBD) or
haemolytic-uraemic syndrome (HUS)
must always be considered. In the case
of isolated constipation, it is a frequent
finding in non-specific abdominal
pain, but when it is associated with vo-
miting: a bowel obstruction syndrome

must be ruled out. (12)

Hematochezia: The presence of blood
in faeces with a redcurrant jam - like
appearance in an infant accompanied
by colicky abdominal pain makes it
necessary to look for intussusception,
however, it is a late sign appearing in
only 15-20% of cases. The most com-

mon cause in older children is IBD. (15)
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Extradigestive symptoms are:

* Fever: if it appears concomitantly with
alteration of the general condition, it is
suggestive of surgical pathology. (2) In
acute appendicitis it is moderate (38-
38.5 °C) hours after the onset of pain,
while in gastroenteritis, it appears
from the beginning and may be high
(39 °C) in enteroinvasive or low (37.5-
38 °C) in viral aetiology. When fever
is higher than 40°C from the onset, it
suggests infectious pathology. (15)

e Urinary symptoms: Dysuria with po-
llakiuria and urgency should raise sus-
picion of urinary tract infection. It is
important to investigate for polyuria
and polydipsia because patients with
diabetic ketoacidosis may report signi-
ficant abdominal pain simulating sur-
gical AA. (2,15)

* Respiratory symptoms: The presence
of respiratory symptoms will force us
to rule out lower lobe pneumonia, de-
rived from the fact that children with
respiratory distress or pneumonia may
complain of abdominal pain. (2) The
presence of cough, dyspnoea and fever

should be questioned.

* Gynaecological symptoms (in adoles-
cents): In adolescents who have alre-
ady had menarche, the date of the last
menstrual period should always be

asked, and the possibility of ectopic

pregnancy, miscarriage or dysmenort-
hoea should be considered in case of
acute abdominal symptoms. When the
patient has a Tanner scale of less than
IV and no menarche, imperforate hy-
men should be considered. (15)

Diagnosis

The diagnosis of AA is always a challen-
ge for the clinician and is more complex in
the paediatric age group, especially in the
non-verbal child (neonate, intubated infant,
infant with disabilities or of foreign origin)
because he/she is deprived of the essential
means to communicate his/her experience

with the limitations that this entails. (1)

The clinical history and physical examina-
tion become an opportunity to build a solid

relationship with the child’s parents. (17)

This process is based on a thorough co-
llection of anamnestic data, a methodical
physical examination and a rational request
for complementary tests, remembering that
an adequate history and a thorough phy-
sical examination are the cornerstone for
establishing the diagnosis. (1) Before star-
ting the diagnostic process, it is essential to
know the main pathologies that cause acu-
te abdominal pain according to age groups

and their frequency. (2)
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Anamnesis

The history taking should allow both the
parents and the child to describe the en-
tire chronology of evolution. (17) It is im-
portant to carry out an anamnesis aimed at
seeking oriented data that should include

the following information:

Pathological history: it is important to know
the presence of a history of abdominal sur-
gery or similar previous episodes, medi-
cations received, accidental or intentional
ingestion of drugs, as well as a history of
trauma or underlying diseases. (2) In the
specific case of adolescent women, it is of
utmost importance to collect gynaecologi-
cal history, including the date of the last
menstrual period, as well as the presence of
risky sexual behaviour with the use or not

of contraceptive methods. (16)

When taking the history we must approach
the semiology of pain carefully, as it poses
a significant diagnostic challenge due to
the wide variety of underlying causes and
also the inability of the child or parents to
describe it. (5)

Location: We can classify it according to
where the pain is located; epigastric (pain
originating in the liver, pancreas, biliary
tract, stomach and upper intestine), pe-
riumbilical (originating in the distal part of
the intestine or in the cecum and proximal
colon), hypogastric or suprapubic (origina-

ting in the distal part of the large intestine,

urinary tract or pelvic organs), generalised
(found in cases of referred pain originating
in other non-abdominal organs) and sacral
(related to pain originating in the rectum).
In general, the more distal to the umbilicus
the location of the pain, the greater the risk
of surgical pathology. (16)

Intensity: This is a key point, not only for
diagnosis, but also for the correct treat-
ment of pain and its subsequent reassess-
ment. Commonly the subjective assessment
of pain by the physician does not correlate
reliably with the pain actually felt by the
patient; this is an important limitation in
newborns and infants, which reduces its
difficulty in preschool children. Because
of the above problem, objective tools have
been proposed and established to assess
pain in the paediatric age group. It is re-
commended to use validated scales, depen-
ding on the age of the child, to establish
pain intensity. (16)

The purpose of using age-appropriate sca-
les is to objectify the subjective. Both the
reliability and validity of these tools have
been regularly verified, allowing us to rely
on these data in a scientific manner and
thus to adapt our pharmacological treat-
ment. (1) Although we can rely on the sca-
les, we must always compare them with the
patient’s clinical history, evolution and as-
sociated treatments, and keep in mind the
possibility of the child lying (preschool age
and beyond). Table 1 summarises the tools

used by age in the child.
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Table 1. Own elaboration based on Annequin D, Ngo J. Assessment and management of pain in neonates, children and adoles-
cents. EMC - Tratado Med [Internet]. 2019;23(1):1-6. Available from: https://doi.org/10.1016/S1636-5410(18)41701-1.

PAIN ASSESSMENT TOOLS BY AGE

Neonatal pain and discomfort scale (EDIN)

0 to 4 years old Neonatal Infant Pain Scale (NIPS)

Verbal Rating Scale (VRS)

Behavioral heteroevaluation by observation of the child.

Pediatric Pain Evaluation Scale (EVENDOL) for estimating pain in children under 7 years of age in the emergency department.

4 to 6 years old Faces Pain Scale-Revised

From 6 years
of age

Visual analog scale (VAS) with a vertical slider
Numeric Pain Rating Scale: «rating between 0 and 10»

Mode of presentation: It is classified as acu-
te (usually indicating mechanical processes
such as intestinal perforation, ectopic preg-
nancy, intussusception, testicular torsion or
ovarian torsion); gradual (in inflammatory
processes, such as appendicitis, pancreati-
tis or cholecystitis); or intermittent (in gas-
troenteritis or colic, usually corresponding
to referred pain in the biliary tract or its
ducts): appendicitis, pancreatitis or chole-
cystitis); or intermittent (in gastroenteritis
or with colicky character it usually corres-
ponds with referred pain of the bile ducts
or their ducts, pancreatic ducts or urinary

tract, uterus or fallopian tubes). (2,10)

Duration: Intense pain lasting more than
six hours points to a surgical pathology.
It is important to know the relieving and
aggravating factors of pain, for example,
abdominal pain in appendicitis tends to
worsen with movement and subside with
rest, while pain that worsens with urination

should suggest a urinary origin. (16)

Type of pain: it is classified as colicky, sta-
bbing (suggesting obstruction of the gas-
trointestinal or genitourinary tract) or
continuous (related to acute inflammatory
processes). (16) Diffuse pain usually occurs
in evolved situations of the above proces-
ses. On the other hand, it is essential to

know if there is irradiation of the pain.

Physical examination

Initial assessment

When the patient arrives at the ED, an ini-
tial assessment and stabilisation should be
performed using the Paediatric Assessment
Triangle and the ABCDE sequence (15),
which can be applied to identify major phy-
siological problems and initiate initial stabi-
lisation, based on assessment of appearan-

ce, work of breathing and colouring. (16)

If there is Central Nervous System dys-

function (due to pain or poor cerebral per-
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fusion) or in case of shock (compensated or
decompensated), the patient should be sta-
bilised before taking a detailed history and
physical examination. Vital signs are mea-
sured and a peripheral venous line is can-
nulated for capillary glycaemia, intravenous
fluids are administered and supplemental

oxygen is provided if necessary. (15)

Assessment of pain intensity: It is a priority
to assess pain using an age-appropriate sca-
le to allow reliable determination of pain
intensity in order to administer the most

appropriate analgesic treatment. (15,16)

General physical examination

It is of utmost importance, whenever pos-
sible, to empathise with the child and gain
their trust in order to facilitate an adequa-
te examination. It should be thorough and
complete with inspection of the abdomen
in its entirety, including the otorhinolary-
ngological area (acute pharyngotonsillitis
or otitis), chest, genitalia and skin inspec-
tion (15), which should always be perfor-
med since abdominal pain is commonly a
non-specific symptom related to extradi-

gestive pathology. (10)

It is important to assess the severity of the
patient’s condition through consciousness
and activity. Vital signs should be taken on
a case-by-case basis, with temperature (to
assess the presence of fever) and weight in

all patients, as well as hydration status. (15)

We must assess for signs of haemodynamic
instability (the presence of tachycardia may
suggest compensated shock due to sepsis
or hypovolaemia, while hypertension 1is
present in Schonlein-Henoch purpura or
as a result of haemolytic-uraemic syndro-
me, and hypovolemic shock in an adoles-
cent may be related to ectopic pregnancy).
If dyspnoea is present, we should assess for
oxygen saturation and respiratory rate (the
presence of rapid breathing with abdomi-
nal pain suggests peritonitis or pneumonia;
Kussmaul-type breathing may be related to
diabetic ketoacidosis). (15)

Always look for signs of possible extra-ab-
dominal causes such as pneumonia, urinary
tract infections and meningitis. In the skin
the presence of purpura suggests Schon-
lein-Henoch purpura, if erythema nodo-
sum and granulosa pyoderma are present it

suggests inflammatory bowel disease.

Abdominal examination

Physical examination of the abdomen

Inspection: This begins with observation
of the child’s behaviour and attitude on
the examination table in search of scars
from previous surgery, external signs of
bowel movements, bultomas (incarcerated
hernias), distension, haematomas (trauma
and in unusual locations due to leukaemia,
haemophilia or maltreatment), petechiae,

purpura, jaundice (in haemolytic crisis, in
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acute gallbladder pathology or hepatitis),
external inflammation, tumours or masses
(inguinal or scrotal) and skin lesions which
may be exanthematous (rash) due to viral
infections or anaphylaxis, or on the other
hand, localised such as erythema nodosum

or pyoderma gangrenosum. (15,16)

Auscultation: This is performed in all qua-
drants of the abdomen to assess whether
peristalsis is increased, decreased or alter-
nating. (16) If there is an increase in the hy-
dro-aerial sounds, gastroenteritis is suspec-
ted; the presence of abdominal sounds with
signs of struggle alternating with periods
of silence suggest obstruction. A decrea-
se in abdominal sounds suggests peritoni-
tis, and a complete absence of abdominal
sounds suggests ileus. (15) The cardiopul-
monary system should be auscultated if it is

suggestive of pulmonary pathology.

Percussion: We can assess the presence of
tympanism. The presence of generalised
tympanism will suggest meteorism or, on
the contrary, if there are warning signs, it
is associated with obstructive or peritonitis
syndromes (intestinal obstruction or perfo-
ration). (15,16)

Palpation: Should be performed in a gentle
and relaxed manner, assessing the patient’s
expression in order to obtain their coope-
ration while looking for rigidity and mas-
ses. (15) Starting with the quadrant furthest
away from the pain in a gentle manner, and

tinally, we locate the area of greatest painful

intensity, observing the child’s expression to

locate the area of maximum pain. (15,16)

Finally, we perform the different appendi-
cular signs: Psoas, Rovsing, Blumberg or
gallbladder pathology (Murphy). Signs of
peritoneal irritation strongly suggest surgi-
cal pathology. (15,16)

Deeper palpation may reveal abnormal ab-
dominal masses (intussusception, absces-
ses, tumours) and visceromegaly (splenic
sequestration or haemolytic crisis in pa-
tients with sickle cell disease) which should
be evaluated. (15,106)

Anatomical correlation of the nine quadrants
into which the abdomen is divided is the
mainstay of the physical examination, and a
systematic approach pattern is required toge-
ther with established anatomical knowledge

so that vital details are not overlooked.

External genitalia: Inspection and palpa-
tion of the external genitalia is indispensa-
ble for the correct assessment of abdominal
pain. In the male, the existence of balanitis
or urethritis justifies the existence of acute

abdominal pain. (106)

Testicular inflammation with hydrocele
leads us to suspect possible involvement of
the spermatic cord, testicular torsion or in-
guinal hernia. Gynecological examination
should be performed in girls who report
vaginal discharge, sexually active adoles-

cents, as well as in all cases of suspected
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sexual abuse. (15,16) The most common
causes of abdominal pain of gynaecological
origin in paediatrics are evolving clinical
expressions of an imperforate hymen or va-

ginal atresia.

Rectal examination: This is an examination
that is uncomfortable for the patient, and is
not currently recommended unless neces-
sary, as well as in suspected peritoneal sy-
ndrome, to determine whether there is late-
ralized pain at the level of the cul-de-sac of
Douglas or a mass effect, to assess whether
there is anal stenosis, sphincter tone, palpa-
ble masses and, finally, the size and presence
of faeces in the rectal ampulla (useful in the
assessment of faecal impaction). (16) It will
be full of faeces in functional constipation
and empty in Hirschsprung’s disease. (15) It
also helps to assess internal genitalia in girls,
as it facilitates palpation of the cervix and

corpus uteri, as well as adnexal swelling.

Active manoeuvres: Evaluate the following
manoeuvres: sitting up from a lying posi-
tion, lifting the legs or attempting to jump,
as they are limited in the case of peritoneal
involvement. If the clinical history and exa-
mination do not provide a clear diagnosis,
the patient should be placed under observa-

tion and the manoeuvres repeated. (15)

Complementary explorations

The extensive actiology of AA confronts us

with multiple possible complementary tests

and our conduct will be dictated by the cli-
nical context of each patient so that we use

them rationally.

They will be requested depending on the
findings during the anamnesis and physical
examination, as they allow us to orientate
the cause of abdominal pain in most cases,
so that a rational use of complementary
explorations in the assessment of abdomi-
nal pain is recommended; it is relevant to
mention that if there are no alarm signs or
symptoms, no complementary test will be
necessary. (15,16) If AA is suspected, radio-
logical or laboratory tests should be perfor-

med to complete the evaluation.

Blood tests: In patients with incoercible
vomiting or signs of dehydration on physi-
cal examination, the presence of water and
electrolyte disorders, hypoglycaemia and
impaired renal function should be ruled
out (urea and creatinine levels will help in
the assessment of renal function and hydra-

tion status). (16)

The presence of an elevated white blood
cell count (with neutrophilia), as well as
an elevation of acute phase reactants, su-
ggests an infectious process as in the case
of appendicitis, in some cases of cholecys-
titis and in about half of the cases of intes-
tinal obstruction. (16) Anaemia points to
pathology with blood loss. Examination of
peripheral cells may reveal red blood cell
destruction and thrombopenia, as in hae-

molytic-uraemic syndrome.
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Liver and pancreatic enzyme studies are
useful if the clinical history suggests liver
or pancreatic pathology (serum levels of
amylase, transaminases and lactate dehy-

drogenase will help in the diagnosis). (16)

Urinalysis: This should be performed whe-
never there is a voiding syndrome associa-
ted with abdominal pain and should be sys-
tematically indicated when abdominal pain
affects infants, due to its relevance as a di-

tferential diagnosis. (16)

Pyuria and haematuria may be present in
urinary tract infections and renal lithiasis,
usually pelvic appendicitis may show iso-
lated leukocyturia and/or microhaematuria
associated with bladder irritation. If hae-
maturia is associated with protheinuria, the
possibility of Schénlein-Henoch purpura
or haemolytic-uraemic syndrome should be
evaluated. Ketonuria and glycosuria may be

part of a diabetic debut. (106)

Pregnancy test: Should be considered in
postmenarchal adolescent girls with acute
abdominal pain. (16) A test to rule out the
possibility of pregnancy should be perfor-
med prior to radiological studies. Secondly,
it is used for the study of pregnancy situa-

tions, such as ectopic pregnancy.

Imaging in AA in paediatric patients: Due
to the often nonspecific symptoms, imaging
in the acute abdomen in childhood plays
an extraordinarily important role, as it will
guide the course of a surgical emergency

towards surgical intervention or conservati-

ve treatment. The GOLD standard in these

pathologies is abdominal ultrasound. (18)

Simple abdominal X-ray: Mainly in stan-
ding, supine or right lateral decubitus posi-
tion. In most cases, it is not useful for diag-
nosis. (16) It is difficult to interpret and
involves subjecting the patient to a non-ne-

gligible source of radiation.

Current recommendations are not to rou-
tinely perform abdominal radiographs in
children with abdominal pain. The sil-
houette, size and location of the kidneys,
liver and spleen should be assessed. The
borders of the psoas should be sharp. Pa-
thological findings include hydroaeric le-
vels, dilated or thickened loops and the
presence of pneumoperitoneum or intesti-

nal pneumatosis (15).

Chest X-ray: Confirms the diagnosis of
pneumonias that may simulate acute abdo-
men. It is recommended when alterations
in respiratory auscultation are found, as
well as in patients under 3 years of age with
catarrhal symptoms and persistent fever
associated with abdominal pain. It is diag-
nostic in intussusception (16) and can aid
in the diagnosis of acute appendicitis. Oc-
casionally, it can reveal the presence of me-
senteric adenitis, help in the diagnosis of
pancreatic and gallbladder pathology and
hydronephrosis.

Abdominal ultrasound: Female genital ul-
trasound is very useful for the diagnosis of

adnexal pathology (ovarian cysts, ovarian
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torsion and presence of pregnancy); while
testicular doppler ultrasound can be useful
in certain cases of acute scrotum such as

testicular torsion and epididymitis. (16)

Bedside abdominal ultrasound by trained
clinicians is a tool increasingly used for the
assessment of traumatic or non-traumatic
abdominal pain, allowing early diagnosis,
and thus speeding up treatment (16). It is
widely useful in the assessment of acute
abdominal pain and, compared to other
scans, has the advantage of not subjecting

the patient to radiation.

Abdominal computed tomography: This
procedure has a high radiation exposure.
Alternative imaging modalities will be our
most common tools due to their greater
diagnostic certainty without radiation ex-
posure. If used, focused studies with low

radiation dose are recommended.

Contrast CT is useful for the evaluation of
patients with acute abdominal pain, when
a wide variety of diagnoses are considered,
it can help in tumours and abdominal trau-
ma. In addition, it has a high sensitivity and
specificity for diagnosing appendicitis and
is the most sensitive imaging test for pae-

diatric nephrolithiasis. (18)

Abdominal MRI: Not widely used for the
assessment of acute abdominal pain in the
child, because it is too time consuming
and requires sedation, its usefulness in the

diagnosis of acute appendicitis is similar to

that of computed tomography, without sub-
jecting the patient to irradiation (16), a fact
reaffirmed in an article where according to
Warner et al. the appendix can be identified
by MRI in most children, which is similar
to the results of computed tomography re-
ports. (19) It is used diagnostically to clari-
fy unclear ultrasound findings. (18)

Treatment

In paediatric patients presenting with AA in
the Emergency Room, ABCDE manoeuvres
are performed to stabilise them, followed by
analgesia, which is the cornerstone of treat-
ment, and in the event of nausea and vomi-

ting, antiemetics are administered. (8,20)

Once the patient is stabilised, the cause is
sought through clinical examinations and
imaging to confirm it, but in the meanti-
me, priority should be given to identifying
warning signs and symptoms that indicate a
surgical emergency, placing them on serum

therapy. (2)

The definitive treatment is chosen on the
basis of the aetiology found, which is why it
is divided into conservative or non-surgical
and surgical; the former refers to treating the
symptoms with analgesia and the infection
found with broad-spectrum antibiotics for
gram-negative bacteria. (8,20) The second
consists of performing a laparoscopy or la-
parotomy, usually as an emergency procedu-

re. Currently, laparotomy is more commonly
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used because the literature reports that no
complications were found after laparotomy,
while in laparoscopy adhesions were seen

some time after surgery. (21)

In the COVID-19 times it was reported
that PCR should be performed in patients
arriving with abdominal pain as this virus
causes symptoms similar to AA but should

not be operated on. (9)

Prognosis

The prognosis depends on the aetiology
and early diagnosis, however, it has been
reported that males are more likely to have
a higher chance of surgery. (20,22) For
symptoms resembling AA caused by CO-
VID-19 the prognosis is good. (9)

Material and method

A search was made for articles in Pubmed,
Scholar,

gerlink databases; and medical literature,

Google ScienceDirect, Sprin-

said search was carried out from June to
December 2021, about Acute Abdomen in

paediatric patients.
Inclusion criteria:
1. Publication filter

e Articles pertaining to health sciences,
focused on paediatric patients and no

older than 5 years.

* An exception was made for a book pu-
blished in 2008.

* Included were: review articles, case re-
ports, descriptive studies, cohort stu-
dies, case-control studies, conferences

and prospective studies.
2. Word filtering:

e Taking as keywords: paediatric acute
abdomen, acute abdomen, children,
paediatric, kids, kids, children, pain
and the Boolean operators used: AND
and OR. As an example: “paediatric
acute abdomen OR acute abdomen in

children”.

Exclusion criteria

e Texts whose focus was acute abdomen

in adult patients were excluded.

e Texts that did not have paediatric acu-

te abdomen as a central theme were

discarded.
¢ Articles published before 2016.

¢ Articles on acute abdominal pain.

Results

Of the total number of articles found, tho-
se that met the exclusion and inclusion cri-
teria were a total of 24, which were sorted

into a database.



Other

Based on this database, four columns were

added to show the following characteristics:

¢ Country of origin.
* Types of study/documents.
* Most common causes.

* Year of publication.

Of the 24 articles, 9 are from the United
States of America, corresponding to 37.5%;
3 are from India, 12.5%; 2 are from Spain,
8.33%; 2 from Mexico, 8.33%; 2 from Bel-
gium, 8.33%; leaving the remaining 6 from
the following countries: Germany, Brazil,
China, Ecuador, France and the Nether-
lands, which only included one article each,
with a total percentage of 25%. The distri-

bution is shown in graph 1.

25,0%

Mexico
8,3%

Belgium

8,3%
Spain
8,3%

Graphic 1

Review articles stood out in this systema-
tic review with a total of 7.28%; within the
literature (books, manuals), we found 6,
25%; 3 are case reports, 12.5%; 2 are cohort

studies, 8.33%; 2 are prospective studies,

8.33%; and the remaining four are a narra-

tive review, a case-control study, a descrip-
tive observational study and a conference,

16.66%. (Graph 2)

Others
16,8%

Review articles

Prospective studies
8,4%

Cohort studies

Case reports
12,7%

Books and manuals
25,3%

Graphic 2

Of the information collected, 11 references
(45.83%) did not provide conclusive infor-
mation on the etiology of paediatric AA,
while the remaining 13 references (54.16%)
do mention etiology of paediatric AA. 16%)
do mention aetiologies, where the main sur-
gical cause of paediatric AA is acute appen-
dicitis, only 7 references explicitly state that
it is the main surgical etiology in older chil-
dren (not infants, not neonates, not under
one year of age), the others, although not
excluding appendicitis as the main surgical
aetiology in older children, do not mention
it either. Intussusception corresponds to
one of the main surgical causes in children
under two years of age (infants, neonates)
according to 5 references and one reports it
in children older than one year. Within the
non-surgical pathologies of AA, out of 5

references, 4 mention that gastrointestinal
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diseases (gastroenteritis, constipation), fo-
llowed by infectious diseases of the respira-
tory tract, correspond to the main non-sur-

gical pathologies.

PubMed was the database with the most re-
ferences, with a total of 10, 41.66%; scien-
cedirect gave us 4, 16.66%; NCBI gave us
3, 12.5%; AEPED, journals and pole of
knowledge gave us 3 more, 12.5%; and the
remaining 3 belong to literature, 12.5% and

one conference, 4.16%.

Discussion

A review of the literature was carried out,
incorporating different studies on the acute
abdomen in paediatric patients, to gather
information to promote correct medical
action based on basic knowledge of defi-
nitions and concepts, as well as epidemio-
logy, etiology, pathophysiology, and predo-
minantly the clinical expression of acute

abdomen in this age group.

The cardinal symptom in these patients is
reported to be a pain; however, the most
common concomitant symptoms were also
found to be fever, vomiting, abdominal
hypersensitivity, diarrhea, painful urina-

tion, and even recurrent airway infections.

It was found that, regardless of the cause
of acute abdomen in paediatric patients,
especially in neonates and infants, com-

munication is a barrier to diagnosis and

the physician must be prepared to perform
an accurate history taking (usually with
parents or primary caregivers), a complete
physical examination supported by appro-
priate laboratory and laboratory tests, as
well as the ability to offer treatment as
quickly as possible. For the above reasons,
it was gratifying to include pain assess-
ment scales for paediatric pain useful in
the ED as they are a great support for the
physician faced with a neonatal or infant
patient who does not yet have the linguis-

tic ability to communicate.

This spectrum is variable and depends on
each of the pathologies, however, it specifi-
cally encompasses only conditions affecting
preschoolers, schoolchildren and adolescents
(23). Newborns may present with necrotising
enterocolitis. Midgut volvulus occurs 40%
of the time in the first week of life, 50% in
the first month and 75% in the first year. In-
tussusception usually occurs between 9 and
24 months of age. The most common cause
of paediatric acute abdomen is appendicitis
in children older than one year (20). Overall,
acute appendicitis is the most common cause
of surgical acute abdomen in all age groups
and worldwide, although it can be difficult
to differentiate from other causes of paedia-
tric acute abdomen: morbidity in children is
high, with an overall frequency of appendi-
ceal perforation of 12.5% to 30%. Early and
accurate diagnosis of acute appendicitis is
important to avoid both a serious outcome

and unnecessary surgery (6).
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In a prospective observational study con-
ducted between 2016-2017 by the de-
partment of Paediatric Surgery with the
collaboration of Paediatric Emergency
Department, Institute of Child Health, Sir
Ganga Ram Hospital, New Delhi, where a
total of 720 children were seen, and based
on their final diagnosis they were divided
into two groups: group I: 8% presenting
with a surgical aetiology; leaving 92% of
children with a non-surgical aetiology, it
was concluded that: the cause of pain in
more than 90% of children presenting to
the paediatric emergency department with
complaints of abdominal pain is non-sur-
gical. Constipation was the most common
diagnosis in these children, followed by
acute gastroenteritis, other less common
causes observed were: pain of uncertain
actiology and urinary tract infections and
upper respiratory tract infections. In 8% of
children whose aetiology of pain is surgi-
cal, acute appendicitis was found to be the
most common surgical cause, although the
aetiology will change according to the age

of the patients. (5)

In newborns the most common causes
reported were neonatal necrotising ente-
rocolitis, intestinal atresia and intestinal
malrotation: corresponding to surgical ae-
tiologies; in the infant population, intus-
susception and incarcerated hernias were
observed; in children older than 5 years and
up to adolescence, appendicitis was repor-

ted as the most common cause; however,

some other causes observed were trauma

and idiopathic peritonitis.

Extensive information was obtained on the
clinical context in which the paediatric pa-
tient develops as the correlation between cli-
nical, laboratory and laboratory findings in
the paediatric patient is well known and gui-

des through the many differential diagnoses.

Limitations of the study

Confusion between acute abdomen and
acute abdominal pain, as well as its use of
synonymy with acute abdomen. Although
epidemiological information on the most
frequent diagnoses of acute abdomen in
paediatrics exists, it comes from other
countries and there is a clear lack of repoz-

ted data on the subject in Mexico.

Conclusions

This systematic review has been carried out
with the aim of touching on the key points
of the subject of Paediatric Acute Abdo-
men, as this is a fairly common patholo-
gy both in the emergency department and
in paediatric primary care, and one with
which we are not very familiar. There is a
lack of further studies on the analysis of
the most common causes according to pae-
diatric age group, as well as more data on

this phenomenon in Mexico.
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Research article

The innovative methodology for teaching and learning
about sexuality care in a population of young Mexicans

Hernandez Yolanda', Rico Maria de Lourdes!, Garcia Maria de Lourdes!, Varela Elena’

Abstract

Introduction. Sex education in Mexico focuses on biological aspects, with traditional tea-
ching-learning strategies, which do not encourage reflection on learning that impacts the
care of sexuality, so it is urgent to propose a change so that the student becomes a subject
and not an object of your learning. Objective. To report the experiences in developing
the innovative methodology through the Maguerez Arch for the teaching and learning of
the Care of the sexuality of the University Emerging Adult. Method. Qualitative study
based on the Arco de Maguerez problematization methodology, developed on 12 Nursing
students from 18 to 25 who attended 12 program sessions: “Taking care of my sexuality.”
The reports were analyzed by content analysis and technique of the speech. Results. Ac-
cording to the five moments of the Maguerez Arch: 1) Observation of reality: ignorance
of contraceptive methods and sexually transmitted infections, 2) Identify the key points:
An approach to sexuality to the biological aspect and non-invasive care it is part of their
sexual life 3) Theorizing the problem: topics to be developed by the students: sexual edu-
cation, communication, self-esteem, and empowerment, 4) Solution hypothesis: the care
and knowledge of their sexuality if it is a priority in their life, 5 ) Reality application: they
recognize the right to live sexuality with responsibility and care. Conclusions. The me-
thodology was innovative, motivating, and significant, allowing the student to make cons-

cious decisions regarding the care of their sexuality.
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Introduction

Sexuality is an integral part of the per-
sonality of every human being; its deve-
lopment depends on the satisfaction of
basic human needs such as the desire for
contact, intimacy, emotional expression,
pleasure, tenderness, and love. The deve-
lopment of sexuality is essential for indivi-
dual, interpersonal, and social well-being
(1). Sexuality education is a responsibility
of society as a whole; it begins from bir-
th within the family group and continues
throughout life in the successive links that
people establish when interacting with di-
fferent groups. Today there are significant
changes in behavior, attitudes, and values
related to the sexuality of young people
and adolescents (2).

Sex education should guide young people on
the development processes of sexual maturi-
ty with high criteria about sex and lead them
to consciously accept -not instinctively- the
ways to satisfy their concerns at the appro-
priate age (3). In this way, the importance
of the (3) discussion of sexuality becomes
evident since it is still presented as a social
taboo, surrounded by myths, stereotypes,
and beliefs, restricting itself to superficial
dialogues between parents and children or
silence. On the other hand, within the fa-
mily regarding these issues, in educational
institutions, the biological approach of the
school curriculum has prevailed, teaching

concepts related to sexuality.

In Mexico, the teaching of sexuality lacks
a comprehensive vision, favoring a tradi-
tional approach to education, emphasizing
the transmission of biological knowledge
of reproduction and the promotion of se-
xual abstinence, without a culture of pre-
vention from the health care perspective.
Sexual life, sexual and reproductive ri-
ghts; The absence of information based on
scientific evidence is also observed, sin-
ce young people’s access to information
sources such as: friends, the Internet and
magazines contribute to the lack of con-
sistent guidelines, which makes this popu-

lation more vulnerable (4).

The contents of sexual education have been
present in the Mexican educational model
since 1972, moving from the moralist or
abstinence approach, the biological func-
tionalist or good behavior, preventive or
pathologist or well-called risk, the inte-
grative and comprehensive and develop-
ment and well-being, this last approach is
the one that is in force in basic and upper
secondary education and emphasizes as-
pects associated with sexuality, to streng-
then self-knowledge, self-care, self-esteem
and self-regulation (5). The foregoing re-
flects that for almost 50 years in Mexico,
the educational model included topics on
sexual education; however, the results are
not very visible since emerging adults con-
sidered within an ageing period of 18 to 25
years (0) perform risky behaviors that expo-

se them to sexually transmitted infections,



Hernandez ef al. The innovative methodology for teaching and learning about sexuality care

pregnancies and abortions, situations that
denote the lack of care for their sexuality.
These risk behaviors are not limited to the
adolescent population; they continue to
appear in the stage of emerging adulthood,
which is when young people decide to en-
ter the university, form families, and enter
the labor field. Education is taught in the
Bachelor of Nursing based on the transmis-
sion of information on contraceptive me-
thods and sexually transmitted infections
that is usually carried out in the classroom
with a traditional approach, for which the
awareness and effective knowledge of se-
xuality in the emerging adult has not been
achieved, that allows them to carry out ac-

tions to care for their sexuality.

Risky sexual behaviors that lead to preg-
nancies, abortions and sexually transmitted
infections continue to be a health problem
in the life of emerging university adults;
evidence of this problem is presented in stu-
dies such as the association between multi-
ple sexual partners and the early initiation
of coital sexual relations in university stu-
dents, carried out in 2017 in 1854 universi-
ty students between 18 and 24 years of age
from the health area (medicine, nursing,
dentistry and psychology) from two public
universities, which concluded that univer-
sity students from the health area also have
a lack of care in their sexuality, since they
have coital sexual relations at an early age,
consider more sexual partners and carry

out casual, transactional and group sex, so

in a population of young Mexicans

it becomes evident that studying a degree
in the area health does not limit the vulne-
rability to acquire sexually transmitted in-
fections, as well as the presence of unplan-

ned pregnancies (7).

In the same sense, the study carried out
at the Autonomous University of the State
of Mexico in 2017 resumed, in 86 emet-
ging adults with the Nursing Degree of 18
and 19 years of the second period reflec-
ted that 84.1% of this population main-
tains an active sexual life; of them, 47.7%
began between the ages of 14 and 17 and
52.3% after the age of 18. 52.3% admit to
having used emergency contraceptive me-
thods, such as the morning-after pill, and
20.5% of this population have risky sexual
relations by not using protection methods,
which makes them susceptible to acqui-
ring a sexually transmitted infection (STT)
and unexpected pregnancies. 90.9% have
had sexual relations with only one part-
ner and 9.1% with two or more sexual
partners; 97.7% report that they have not
presented sexually transmitted infections,
while only 2.3% say they have had an STI
(8). The training of the nursing profession
is based on professional care, understood
as the essence of the nursing discipline,
whose purpose is to comprehensively care
for the human being in health and disease
conditions through care teachings suppor-
ted by scientific and theoretical-practical
knowledge humanistic for the conserva-

tion and maintenance of life (9) During

89



90

NOVA. 2023; 21 (41)

the training it is vital that the student be-
comes aware of his care in an integral way,

which includes the care of his sexuality.

In this context it is important to know:
How do emerging adults learn to take care
of themselves in relation to their sexuality?
To identify absence or gaps in knowledge in
emerging adults that support the planning
of educational interventions for the care
of sexuality. Education allows the develo-
pment of skills that enable young people to
make decisions and be responsible in health
matters. Therefore, comprehensive sexual
education is necessary that delves into the
biological, emotional, and affective dimen-
sions of sexuality, going beyond traditio-
nal approaches focused on risk as well as
conservative visions of sexuality, based on
scientific evidence, in values of respect for
human rights, with gender sensitivity, and

cultural relevance (10).

For this reason, it is important to develop
prevention programs with innovative me-
thodologies, which, added to the accessi-
bility to health services, will be essential
for emerging university adults to achieve
an integral development of their person
and favor an effective, sexual, conscious
life. Prudent, with an optimal disposition
and training toward the care of his person,
allows him to transfer knowledge in his

professional practice through his training.

Specifically, students trained in nursing

will be a key element when entering the

health sector as professionals. They will
have the mission of transferring scientific
knowledge regarding the forms and actions
that care implies to promote sexual health

in people’s lives.

This research aims to report the experien-
ces in developing the innovative methodo-
logy through the Maguerez Arch for tea-
ching and learning the Care of the sexuality
of the University Emerging Adult.

Methodology

This descriptive, analytical, and interpre-
tative study uses a constructivist dialecti-
cal approach with experience reports based
on the theory of problematization through
the Maguerez Arch method by Juan Diaz
Bordenave and Adair Martins Pereira in
1977 (11); this is made up of five stages: 1)
Observation of reality: in this stage, the
student reflects on his reality and recovers
his personal experiences to analyze a pro-
blem around his sexuality, 2) key points of
the problem: at this moment, a synthesis
of what is important to investigate about
the problem is made, 3) theorization: the
members of the group check what they al-
ready know and analyze what they need to
know to investigate the answer to the pro-
blems raised, seeking explanations of the
observed reality, 4 ) solution hypothesis:
it is built from the search for the resolu-
tion of the problem critically and creati-

vely. 5) reality application: the student
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or the group applies the newly constructed
knowledge to their practice, making it pos-
sible to solve the problem and thus carry
out generalization exercises to other similar
situations and other study topics. The re-
search emphasizes the problematization of
how they are taught and how they learned
to take care of their sexuality. The proble-
matization methodology rescues knowled-
ge through direct investigation of reality, in
an effort to build an understanding of their
reality, linking theory with practice, that is,
what they learn with what they do.

The subjects of the study were delimited
among 35 emerging adults considering a
population of 12 key subjects, who will be
between the ages of 18 and 25, are studying
for a nursing degree, both sexes, with an
active sexual life, who attended the 12 ses-
sions to delve into the history of their na-
rrations, who signed the informed consent,
attached to the General Health Law, in ar-
ticle 100 about “ethical aspects of research

in human beings”; fraction II.

The method began with presenting the
problem-solving methodology of the Ma-
guerez Arch to the entire group, and the
program “taking care of my sexuality” was
made known; each of the moments was ex-
plained to them, clarifying doubts and de-
tecting participation in the participating
population. The use of the Maguerez Arch
is considered relevant for developing cri-
tical and creative professionals when they

are sensitized for a conscious, informed,

in a population of young Mexicans

and consistent action in congruence with
their context. (11), the intervention using
the Maguerez Arch method changes the
traditional approach to learning about sex
because the problematizing methodology
stimulates reflective and critical thinking
in the emerging adult student of the Nur-
sing Degree.

Twelve sessions were held with the partici-
pants lasting two hours each, in a classroom
of the Faculty of Nursing and Obstetrics;
considering that group meetings are ideal
for discussion and exchange of experiences
with sexuality, the members of the group
presented common characteristics associa-

ted with the central theme under study (12).

The story collection process was carried out
through participant observation and log re-
cording considering the following sessions
described in Table 1:
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Table 1: Activities in the sessions following the Maguerez Arch method

STAGES ACTIVITIES IN THE SESSIONS

1st session: presentation and discussion of the problematization methodology.
2nd session: presentation of the case study for discussion. Reflect on reality and determine the problems.

Observation of reality )

3rd session: select and define the key points for solving problems.

Key oinss (PC) 4th session: prioritization of problems.

5th session: theoretical foundation of the key points to solve the case.
theorizing (T) Gth session: presentation and discussion of the issues related to the key points.
7th session: presentation and discussion of the topic.

8th session: construction of the solution hypothesis through the identification of teaching-learning
Solution Hypothesis (HS) | strategies
9th session: analysis and reflection on the strategies and define their application to the group context.

10th session: link the topics analyzed during the previous stages with the lived reality.
11th session: a sequence was elaborated where the awareness process of paulo Freire was integrated for the

Application vo realizy care of the sexual life of the emerging adult.

(AR) 12th session: the scheme of the awareness process was socialized to the plenaty session of the group and
its use was proposed.

The results and discussion were structured “...1 obtained the information on sexual
through discourse analysis to rescue the education at school with lectures and talks
stories following the order of the proble- in middle and high school, with topics of
matizing methodology. contraceptive methods, for example, the

condom, the pills that must be taken be-
Results and discussion fore having sexual relations, and the patch

that is used in the arm, but I don’t know

. . 2 P HI
The phase of observation of reality for how it works cople can get HIV from

the recognition of the problem lack of hygiene.... For example, you bathe

daily, but perhaps your partner does not,

It was commented that it was important and when you have sexual intercourse, the

to understand the teaching that they had secretions from the penis and the vagina

regarding sexuality, how they learned to combine, and you can get an infection. 1

take care of themselves, the importance know that I must protect myself because if

that it has occupied in their life, or the fe- there is no protection, I can have a preg-

eling of their sexual experiences by expo- nancy. Desired, if it is not with the right

sing the experience of one of the 19-year- person at that moment, it would be the

old female participants, without children, worst thing that could happen to me...”

when experiencing a consensual sexual

. . “...My family doesn’t talk about sexuali-
relationship with a consensual partner, as

described below: ty; my parents only tell me that the school
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is for that. Yes, I have an active sexual
life, and my partner does not like using a
condom; he says that he does not feel the
same, sometimes I have felt pressured by
my boyfriend to have sex, but I have not
had a check-up to verify my state of health
Perhaps because I am indecisive, for fear
that they will deny me the floor, I feel hu-
miliated and ashamed....”

When analyzing the exposed story, igno-
rance was identified in the use of contra-
ceptive methods and sexually transmitted
infections. It was difficult for the young
woman to share her experience with the
participants. In the first place, to reduce
the tension, the 12 participants were placed
in a circle, and the young woman began her
story timidly and with a flushed face, with
a bit of stuttering and moments of silence,
as he continued his talk and when he ob-
served that the other participants nodded
their heads as a sign that they identified
with his experience, he became more con-
fident, his shyness decreased, and he conti-
nued expressing his experience, as Yances
refers to it, in 2020, the Emerging adults
increasingly find small spaces that they can
take advantage of for the free expression of
sexuality, in which it is possible for them
to share expressions that reveal problems
or gaps in the knowledge of their sexuality
(13) and the care of it as they they affirm it

“...There is a deficient sexual education, se-

xual rights are generally unknown, ummm

in a population of young Mexicans

the term sexuality care is not considered
an important part of life, or I could say
that there is a lack of interest on the part of
emerging adults to obtain information re-
garding the care of their sexuality, perhaps
due to low self-esteem and indecision in
contacting truthful sources of information,
Jfor which reason many times adequate de-

»

cisions are not made about sexuality....

The story presents a disturbing need to
have information for the emerging adult to
obtain knowledge regarding their sexuality;
according to Saeteros in 2018, young peo-
ple have perceived needs due to their age,
the environment where they operate, and
the lack of information because the one
they have is considered irrelevant and unsa-
tisfactory (14). It is also noted that they al-
ready reflect on care, that until this part of
their training, they had only considered it
as information to avoid a sexually transmi-
tted infection and unexpected pregnancies;
however, care as an act of life they are not
associating it with their sexuality, as if ta-
king care of it was not part of being human.
Therefore, the group of participants gene-
rated reflections around different themes,
considering the meanings they have regar-
ding sexuality and the lack of knowledge, as
well as the context in which the student has
grown, allowing the identification of the-
mes that, according to the case Having al-
ready presented their experience, emerging
adults considered it important to know and

analyze regarding sexual education. The
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horizontal communication and active liste-
ning that was generated in the classroom
allowed the expression of the participants
through the posing of questions, generating
greater confidence, reflection, and analysis
of their sexual education, which gives the
possibility of expressing themselves more
freely. Their concepts raise their doubts

about the subject.

Based on this reflection, the group was
motivated to problematize by asking: What
is the teaching-learning strategy to learn
about my sexuality? Once the question was
analyzed, it was agreed to use the Mague-
rez Arch as an active methodology in the
study—the teaching-learning process of

sexuality and its care.

Once this reflection was carried out, it was
concluded that, as Trad Lab refers to it, pro-
blem situations are considered strategies to
bring the student closer to reality, promo-
ting the recognition of similar situations
experienced in their life trajectory. (15) In
this first stage, the objective of reflecting
on the participants’ experiences was achie-

ved.

2nd Stage: Identify the key points of
the problem

From the careful observation of the pro-
blem, the second stage continued to iden-
tify the “Key Points”, the prioritization of
the problem was carried out, and it was cha-

racterized in a more consistent way for its

understanding. At this moment, the young
people and the researcher defined what
would be studied and identified the aspects
they needed to analyze in depth to base the

search for a solution to the problems. (16).

At this stage, the emerging adults reflec-
ted to identify the key points, and the main
question was proposed: What problems did
you identify about my sexuality? Accor-
ding to the case presented, this questioning
was generated in consensus with the entire
group. So the key points of the problem are

narrated below:

“.... There is a lack of knowledge regar-
ding contraceptive methods; we do not
know the correct way to put on a male
condom, we young people do not give im-
portance to the risks of having unprotected
intercourse, and many times, we do not

identify that as women we have rights....”

“...We associate the word sexuality with
having sex, care is not considered when
initiating coital sexual relations, sexual
education is not received at home and at
school, only contraceptive methods are ge-

nerally reported...”

“...As young people, there is no communi-
cation within the home, there is ignorance
regarding the prevention of pregnancy, we
do not have the concern and the decision
to seek information when starting an acti-

ve sexual life...”
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“...It is common for sex to be practiced
without care, and when women are passi-
ve, calm and shy, they do not assert their
decisions and do not dare to request in-
formation on contraceptive methods. Sex
education in the family does not exist,
there are parents who are very reserved
about sexuality, many times they do not

have emotional support...”

The students addressed the problems in
a talk in the classroom; after listening to
their stories, it can be deduced that they are
aware of the lack of knowledge about se-
xual education issues, they agree in relating
sexuality to sex, and to this, with a coital
sexual relationship, an approach to sexuali-
ty reduced to the biological aspect is identi-
fiable; likewise, it is evident that care is not
part of their sexual life, it is also important
that they identify that a cause of the litt-
le sexual education is the lack of commu-
nication of these issues within the family
nucleus, they even report that it does not
exist. Therefore, from this reflection, key
points about the problem were determined
through a greater synthesis and linking of
possible solutions that adapt to the reality
and context of the student of the nursing
degree, located in the emerging adult life
stage, where they are primarily exploring
their identity, they are unstable, rarely take
responsibility and find themselves at cru-
cial moments in their lives when making

personal and professional decisions(17).

in a population of young Mexicans

In short, young people express that the
problems that stand out and are key in the
experience of their sexuality are related to
the knowledge of the care they should have
regarding the use of protection methods,
there is no awareness regarding the risks in-
volved in having life sexually active, within
the family there is no talk of sexual educa-
tion, so young people confuse the term se-
xuality with having sex and sex for them is
not a biological connotation of the division
between the anatomical and physiological
characteristics that identify being feminine
or masculine, for young people the word
sex, 1s synonymous with having coital sexual
relations, a result that coincides with what
was described by Vasconez in his study ca-
rried out on Ecuadorian university students
in 2022 where the perception of sexuality is

reduced to a mere function intercourse (18).

3rd stage: theorize the problem to
understand the problem.

At this stage, young people are oriented to
seek a theoretical explanation of the pro-
blem to analyze and strengthen the discus-
sion with the contributions of science to
clarify the study (19). In the same way, at
this moment, young people are investiga-
ting. Because of the problems identified and
observed in the previous phases, analytical
mental operations occur during theorizing
that favor the intellectual growth of young
people. The whole group should study the
problems identified (20)
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The participants determined the topics
that had to be investigated and studied:
sexual education, self-esteem, communi-
cation, and empowerment. Asking young
people to decide to look for books and ar-
ticles on the topics was not easy, perhaps
because of the student’s habit of presen-
ting the contents already organized into
agendas. The young people were asked to
investigate the subject to learn about their
needs. In this case, the key points that the

group identified were the following:

Sexual education: it was the process in
which young people knew to understand
sexuality, not only in the teaching-lear-
ning process of the functions of the re-
productive system but also about the
sexual manifestations of the body itself,
sexual rights, and care of being in its most
holistic form, this is how they described

it in order of importance:

“..Sex education from the family environ-
ment is important; in school, it is necessary
to address issues such as the use of contra-
ceptive methods, sexually transmitted in-
fections, and information on the advanta-

ges and disadvantages of sexual practice...”

“...It is essential at all stages of life since
individuals lack information about their
sexuality because it is taboo. It is vital to

educate everyone to have sexual health....”

“..dt is important because there is more

knowledge of the changes that human be-

ings experience in the different stages of
their lives, the advantages and disadvan-
tages of having sexual activity are identi-
fied, and information is available to pre-

vent sexually transmitted infections...”

“...Sex education helps to enjoy our se-
xuality, without risks, preventing unex-
pected pregnancies and sexually transmit-
ted infections; having sex is not bad, it is
normal, it is a basic need, the problem is

when it is done irresponsibly....”

Communication: this process was carried
out by the young people through dialogue
about sexuality and school, since within the
family, there is no openness and space to deal
with the issue of sexuality, considering it a
taboo subject loaded with prejudices. This
important aspect of communication was re-

flected when they reported the following:

“...Get the information, tools, and moti-
vation to make healthy decisions about sex

and sexuality...”

“...Being informed is of great importance
because it allows us to know the risks we

face and how to prevent them....”

“...Because of the parents’ beliefs and at-
titudes, they often do not have the confi-
dence to discuss sexuality issues, doubts,

and emotions are not expressed....”

“...Sex education is not received at home,

these issues are not discussed there, parents
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[frequently say that is what school is for,
and she is the one who has the responsi-
bility of transmitting information on se-

xuality....”

Self-esteem: Confidence, respect for one-
self, and development of abilities that each

person must face life’s challenges.

Students consider that learning about se-
xuality, giving importance to it, and exer-
cising their sexual rights are closely related
to emerging youth’s self-esteem. The same

thing was expressed in the following texts:

“...There are young people who feel very
sad, do not trust themselves, and do not

»

tell anyone what is happening to them....

“...Young people start their sexual life ac-
tive and later feel bad emotionally, guilt

and shame....”

“...There is a lack of interest on the part
of young people to find out about sexuali-

ty. They do not consider it important for
their life...”

Empowerment: It is a process by which
human beings have control of their deci-
sions and actions related to their life, educa-
tion, health and sexual life. Empowerment
is related to power, which means control,
which is the process of gaining control
over the care needs of the sexually active
life of emerging adults. Under this tenor,

the young people identified that there is a

in a population of young Mexicans

lack of empowerment, which is shown in

the following stories:

“..I can mention that sometimes due to
lack of security, fear, insecurity and lack of
confidence, we carry out actions that will
not always favor the care of our body...”

“..Young people in many situations also
show a lack of interest in being informed,
since currently there are many means at
our disposal to obtain this knowledge, for

example about contraceptive methods...”

“...In the absence of having the power to
make correct decisions about our active se-
xual life, relationships are allowed where

even physical aggression is experienced...”

The development of this stage began with
the delivery of articles and texts related to
the themes of the key points; the young
people were placed at a round table and be-
gan the commented reading to carry out a
discussion of the reality lived in their se-
xuality and made a comparison with the
aspects found in the literature. After this
analysis, conclusions were drawn from the
themes developed for their subsequent
socialization among the group members
through the exhibition. Using the proble-
matization methodology implies a change
in the position of the teacher and the young
people to generate reflection and criticism
of each one of the topics, for the young
people to reflect on Who are they? What
do they do? And how do I take care of my
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sexuality? It was a challenge, the above as-
sociated with the traditional way in the tea-
ching-learning process and the biological
approach of their sexual education, as well
as motivating the student to be the subject
of their own learning and choose the theo-
retical aspects that are required. to solve a
problem, makes him aware of his needs and
his strengths in the knowledge and care of

his sexuality.

4th stage: a hypothesis to
solve the problem

In this stage, the hypothesis for the solu-
tion to the problem is formulated, and the
previous moments are taken up again and
re-evaluated to specify and elaborate pos-
sible solutions. Viable alternatives to solve
problems critically and creatively arise from
the confrontation between theory and rea-
lity, allowing young people to restructure
knowledge and reflect on new possibilities
with a more analytical look(20), therefore
reflecting on the learning strategies that
will allow the nursing professional in trai-
ning to exercise their sexuality responsibly
and take care of their sexual life, the group
was asked to return to the term “conscious-
ness” because the human being, when be-
coming conscious, takes with freedom their
own decisions, autonomously and cons-
ciously, in the same way, awareness in se-
xual education was considered that allows
through a process of action-reflection -an

action that the student (21) carry out ac-

tions of care of his life sexual information

that may be transferred to users.

The young people raised the possibility of
carrying out a life plan where their objec-
tives and goals included the care of their
sexuality within the aspects that they iden-
tified to improve their sexual life; the fo-

llowing was rescued:

“..Young people require effective sexual

education in educational institutions,
where care is emphasized about their acti-

ve sexual life...”

“..Motivate decision-making about the
educational and personal projects of each
student...learn to identify when there is
a risk when exposing themselves to sexual

conduct...value themselves as a person...”

“...Establish objectives and goals that
allow us to complete our studies and im-

prove our lives....”

“...Conduct talks with young people about
their sexuality, where shared responsibili-
ty is emphasized when leading an active
sexual life. Through a relationship of trust

and respect....”

“...Talks with young people in small
groups on knowing your body, your sexua-

lity, improving your self-esteem....”

The students raised hypotheses where care
and knowledge about their sexuality are

among the priorities in their life project;
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they also stated that at no other time had
they considered sexuality as an important

aspect of their life.

5th stage: Application to reality

During this stage, the student and the tea-
cher must return to the context of the group
and reflect on the knowledge acquired and
constructed to apply or propose interven-
tions for the resolution of problems that
will be applied to the reality of the group
of participants and other groups with si-
milar problems (22) when it is possible to
gather previous knowledge in an action-re-
flection-action exercise, the construction
of new knowledge is made possible to
transform the observed reality, through the
hypotheses raised, thus transforming the
reality of the student (23) regarding their

learning of sexuality

When the knowledge is transferred to the
reality of each student, the following narra-

tives emerge:

“...Now I can resume my active sexual life
responsibly taking care of my body, choo-
sing a contraceptive method, and having

periodic medical check-ups....”

“...We stop to think about the family, the
school, but we don’t think about how to
take care of our sexuality; we focus on so
many things, and we don’t pay so much

attention to the issue of sexuality and

in a population of young Mexicans

when we least realize it we can have a

pregnancy without planned....”

“...After my last experience, and after
knowing how I should take care of my se-
xual life, [ am already stronger and more
determined and would not have coital
relationships with anyone, I think I am
maturing in that part... I learned that I

must love myself...”

“...Sexual health is important for me and
my partner, learning to have a responsi-

ble, safe and pleasant sexual life...”

“... Learning to better express my sexua-
lity, now I know that it is important to
enjoy my sexuality with my partner res-
ponsibly and safely...learning about my
sexuality motivated me, and as a life gui-
de, it helped me to meet myself I must be
more responsible taking care of myself and
my partner, exercising my sexuality with

respect, freedom in a healthy way.”

By applying what they have learned throu-
gh the active methodology, young people
reflect and decide to take different actions
regarding their sexuality. The important
thing in this intention for change was to
make them aware of the importance of ca-
ring for their sexual life to develop their
projects. Personal and professional, but
above all it stands out that now they report
that they have the right to live a full, plea-
sant sexuality but with care, respect, and

responsibility for their person and their
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partner. Other studies conducted in Mexico
regarding educational interventions show
positive effects in increasing knowledge of

sexual and reproductive health (24).

Conclusions

The problematizing strategy adapted to the
learning process of the sexuality of the nur-
sing degree student constituted a challenge
that generated a student with feelings of
autonomy and greater responsibility in the

appropriation of their learning.

Applying the Maguerez arch through a pro-
gram gives young people different possibi-
lities to structure their knowledge autono-
mously and follow the problems detected

and prioritized.

The Maguerez Arch constitutes an innova-
tive practice in the teaching-learning pro-
cess. He contributes to training reflective
and critical professionals who will have the
tools to continue these actions in their pro-

fessional practice.

The development of innovative practices
with the use of the Arco de Maguerez and
the principles of problem-solving education
in the classroom for learning about sexua-
lity care requires the training of teachers
to motivate students to reflect, the teacher
needs to become as a facilitator, not as a

transmitter of knowledge and indications.

During the application of the intervention,
the students expressed the difficulty of ca-
rrying out their teaching-learning process
based on questions, because it implied a
process of reflection, deep analysis, and
conscious decision-making. However, they
considered a perfect strategy for the de-
velopment of topics such as sexuality and
other topics that are found in their Nursing
degree curriculum. Therefore, applying
this innovative strategy is very significant
for the students and the researcher; it mo-

ved the consciences of the participants.
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Importance of the dilution test in the dosage
of coagulation factors XII and XI in plasma with
positive lupus anticoagulant
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Summary

Introduction. Thrombosis is associated with acquired risk factors or hypercoagulable
states. Antiphospholipid antibodies are found in infectious processes or associated with
arterial or venous thrombosis. Among these is the lupus anticoagulant, which is conside-
red an interference inhibitor because it prolongs phospholipid-dependent tests in vitro.
Objectives. To relate the activity of factor XII and XI in patients with positive lupus anti-
coagulant. Methodology. Of 55 plasmas, 34 met the inclusion criteria. Factors X1II and X1
were dosed by metric clot methods. Samples less than 50 Ul/dl are considered low factor
activity, to which the dilution test (parallelism) is performed. If a recovery greater than
15% of the factor is evidenced, it is considered interference. If, on the contrary, the result
remains with little variation, it is confirmed. factor deficiency. Results. Of 34 dosages,
79.4% (27/34) presented a decrease in factor XI. A dilution test was performed, and 100%
recovery of factor XI was observed; Regarding the dosage of factor XII, 29.4% (10/34)
presented values below 50 IU/dl and 70.6% (24/34) normal, did not recover in 22.2%
(2/9) presenting deficit. Conclusions. The study of a prolonged PTT is carried out due to
suspicion of lupus anticoagulant or factor deficiency. The importance of the laboratory is
that every time a decreased coagulation factor is found, plasma dilution must be done to

determine if there is recovery of the factor or is a deficit of this.
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Introduction

Thrombosis is considered an alteration of
multifactorial origin secondary to altera-
tions in hemostasis, platelet function, leu-
kocyte activation, and the vascular wall,
which leads to clot formation and blood
vessel obstruction, causing changes in
blood flow. quality of life of people who su-
ffer from it, such as paralysis, memory loss,
and speech loss, among others. The disease
can be caused by habits such as smoking,
a sedentary lifestyle, dyslipidemia, obesity,
or by diseases of genetic and/or acquired
origin. The maintenance of the disease and

the costs make it a public health problem.

Investigations carried out in experimental
models have confirmed that plasmatic coa-
gulation factors are also altered by diffe-
rent antiphospholipid antibodies. This type
of antibody can recognize some epitopes
of coagulation factors, evidencing the de-
crease in these proteins when functional
activity is determined. As in vitro tests de-
pendent on phospholipids, mainly PTT, are
prolonged, the main factors to investigate
are factors XII and XI because they are
contact factors and normally when factor
XII is decreased there are no clinical ma-
nifestations of bleeding, whereas when fac-
tor XII is decreased, there are no clinical
manifestations of bleeding. XI is increased,
and there is a hypercoagulable state. then
the interference of these antibodies mana-

ges to demonstrate the decrease in the level

of these factors. The important point to hi-
ghlight is the role that the laboratory plays
in being able to determine if there is indeed
a decrease in the factors or if the decrease
is due to the interference of the antibodies
and that is where the plasma dilution test
should be performed, making the dilutions
depending on how low the factor is 1/2 or
1/4, 1/8 or 1/16 if there is recovery of the
factors it indicates that it is due to intet-
ference of the antiphospholipid antibodies
with the reagents used in the test. Among
these antibodies, the most relevant are an-
ticardiolipin antibodies, anti-phosphatidyl-
serine antibodies, anti-Beta 2 glycoprotein
antibodies, and lupus anticoagulants. Anti-
bodies with persistent high titers are asso-
ciated with arterial and venous thrombosis

and recurrent miscarriages.

In the study, factors XII and XI were dosed
because the variation in their activity may be
an additional risk factor for thrombosis in

patients with positive lupus anticoagulant.

Decreased factor XII concentration cau-
ses prolonged in vitro testing and may lead
people to trigger thrombosis. This process
is due to mutations in the F12 gene, loca-
ted on the long arm of chromosome 5 (5 q
35.5), This gene codes for the protein factor
XII or Hageman, and this factor is in the
bloodstream in an inactive form until it is
It encounters the walls of the injured vesse-
Is and is activated and initiates coagulation,
interacting with factor XI. Factor XII also

plays an important role in stimulating in-
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flammation, a normal response of the body
to infection, irritation, and other injuries.
In addition, it interacts with another pro-
tein, prekallikrein, this interaction initiates
chemical reactions that lead to the release
of bradykinin that promotes inflammation,
additionally, factor XII activates the fibri-
nolytic system, activating plasminogen to
its active form plasmin, which destroys fi-

brin clots. and fibrinogen.

More than 20 mutations leading to factor
XII deficiency have been identified, most
of the mutations substitute amino acids in
factor X1I, altering its structure. The defi-
ciency is inherited in an autosomal reces-
sive pattern. This factor XII abnormality
may predispose affected individuals to de-
veloping blood clots (thrombi) at an ear-
ly age with a higher risk than the general
population of developing deep vein throm-
bosis or bleeding disorders and unexplai-
ned repeated miscarriages in some affected
women. Researchers are studying drugs to
block (inhibit) factor X1II as a potential the-
rapy for people who are prone to develo-

ping blood clots.

Factor XI is encoded by the F11 gene, on
the long arm of chromosome 4 (4q32-35),
like many other coagulation factors, it is a
serine protease. In humans, factor XI is ac-
tivated by factor XIIa and thrombin, factor
XlIa activates factor IX by selective clea-
vage of peptide bonds. It is an autosomal
recessive disorder; that leads to bleeding.

Elevated levels of factor XI have been im-

plasma with positive lupus anticoagulant

plicated in cases of thrombosis generating

a procoagulant state.

Antiphospholipid Syndrome (APS) is clas-
sified as an autoimmune disease with an-
tibodies (Acs) isotype IgG / IgM/, IgA,
it is characterized by presenting a clinical
picture of arterial or venous thrombotic
events and recurrent abortions, hemocyto-
penias, hemolytic anemias, neurological al-
terations with titers elevated and persistent
antibodies. This antiphospholipid syndro-
me occurs in two forms: primary where no
other autoimmune disease is evident and
secondary where it is associated with an un-
derlying autoimmune disease, the main one

being Systemic Lupus Erythematosus. (1-4)

Antiphospholipid antibodies (aPL) are very
heterogeneous immunoglobulins against
cellular components or against coagulation
factors. These antibodies act on both pro-
coagulant and anticoagulant mechanisms
at the membrane level of endothelial cells,
platelets, and trophoblasts, among others,
stimulating these cells to increase the ex-
pression and secretion of different molecu-

les that favor pre-thrombotic states. (1-4)

In antiphospholipid syndrome, several
pathophysiological mechanisms are pro-
posed in which antiphospholipid antibo-
dies alter the procoagulant and anticoagu-
lant homeostatic reactions that occur on
the cell membrane, blocking the binding
of the protein with the negatively char-

ged phospholipids, also blocking the ac-
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cess of other proteins to these. phospho-
lipids, therefore phospholipid-dependent
coagulation reactions are inhibited, such
as inhibition of protein C, protein S, An-
tithrombin (AT), Annexin 5 A, inhibits
the anticoagulant activity of B2 GPI, al-
ters the fibrinolytic system, decreases the
PGI2 production, increased TX A2 in pla-
telets, all these events are associated with

pre- thrombotic states (5)

Elevated levels of coagulation factor XI
predispose to thrombosis in patients with
antiphospholipid syndrome, a relationship
between altered factor XI activation and
the syndrome has been discovered. Fac-
tor XI is a proenzyme that is activated to
XIa by the action of activated factor XII
or thrombin, factor XIa is responsible for
the activation of factor IX, which leads to
other enzymatic reactions for thrombin ge-

neration. (6-10)

There is evidence that the disulfide bonds
in Factor XI are reduced to free thiols by
the action of oxidoreductase enzymes on
factor XI; The activation of factor XI by
the action of thrombin or factor XIIa and
treated with TRX1, significantly increased
the reduced XIa, compared to the oxidized
To verify the aforementioned, the ELISA
test was performed to measure reduced
factor XI in patients with antiphospholi-
pid syndrome, it revealed that these pa-
tients have higher plasma levels of reduced

FXI than normal controls, this contribu-

tes to understanding the predisposition to
thrombosis when there are elevated levels
of reduced FXI (11,12)

Positive lupus anticoagulants with anti
B2GPI or anti- Cardiolipin are risk factors
for thrombosis and for a pregnancy after
12 weeks. In a study carried out in people
under 70 years of age with a first episo-
de of thrombosis, it was shown that 3.1%
of the people with deep vein thrombosis
were positive for lupus anticoagulants. In
a case study in women younger than 50
years, 17% of stroke patients were posi-
tive for lupus anticoagulant, and the risk
was increased in women taking oral con-
traceptives. Lupus anticoagulant with the
presence of aB2GPI correlates with a hi-
gher risk of thrombosis than lupus anticoa-
gulant due to antithrombin autoantibodies,
asymptomatic patients positive for lupus
anticoagulant, antiphospholipid antibody
and aB2GPI can be found with risk of a
first event, they are called triple positives,
these patients has high titers of antibodies,
which bind to the LB major epitope in do-
main I of B2GPI; domain I aB2GPI, asso-
ciated with a high risk of thrombosis due
to the action of autoantibodies. Tests have
also detected autoantibodies to the phos-
phatidylserine-prothrombin complex, this
can help diagnose antiphospholipid syn-
drome and the association with high risk of
thrombosis. On the other hand, in studies
carried out, tissue factor (TF) could contri-

bute to the prothrombotic state of patients
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with persistent lupus anticoagulant and a
history of thrombosis. (13,14)

Antiphospholipid antibodies require the
presence of B2GP to bind to cardiolipin,
aB2GPIs are of low affinity which is in-
creased when bound to the B2GPI protein.
Fibrinolysis is also affected due to the de-
crease in protein C, it alters the activity of
thrombin-activated fibrinolysis inhibitors,
as it is well known, this molecule 1s a plas-
minogen activator inhibitor, it indirectly
prevents the clot from forming. degrade,
on the other hand, the platelet is activated
by the aB2GPI-B2GPI complex, increasing
the production of TXA2, a powerful vaso-
constrictor and platelet aggregator, it also
inhibits Antithrombin that inhibits factor
IXa , Xa and Thrombin. (fifteen).

The
phospholipids, is responsible for pro-

lupus anticoagulant depends on
longing coagulation time in vitro, and
is associated with anticardiolipin anti-
bodies, B2ZGPI, causing thrombosis and
abortions. Oral direct thrombin and Xa
anticoagulants, heparin, and vitamin K
antagonists are used to prevent venous
and arterial thrombosis but may be res-
ponsible for false-positive laboratory test

results for lupus anticoagulants. (16)

The importance of factor XII is to parti-
cipate in the activation of the intrinsic pa-
thway of coagulation and plasminogen to
generate plasmin. Deficiency of this factor

is more associated with arterial and venous

plasma with positive lupus anticoagulant

thromboembolic complications leading to
life-threatening myocardial infarction and
pulmonary embolism, miscarriages, and ce-

rebrovascular accidents, among others. (10)

The additional treatment of direct anticoa-
gulants ( DOACs ) against the mentioned
factors and to reduce aggregate thrombo-
tic events in patients with APS refractory
to conventional treatments who present
nephropathy, should be administered with
care, the anticoagulant action begins 2
hours after the first dose at Unlike vitamin
K antagonist anticoagulants, if the anticoa-
gulant is discontinued it rapidly loses its ac-

tion, mostly eliminated in the urine (17-22).

The laboratory tests recommended by the
subcommittee for scientific standardiza-
tion for Lupus Anticoagulant (LAC) / an-
tiphospholipid syndrome, are three lupus
anticoagulants and anticardiolipin anti-
coagulant, aB2GPI, for a good diagnosis
by the laboratory. IgG is more related to
thrombosis than IgM, but in abortions it
is IgM. Laboratory detection of lupus an-
ticoagulants in anticoagulated patients is
important because they can interfere with
the result, causing false positives or nega-
tives. For this, some reagents have heparin
neutralizers capable of inhibiting unfrac-
tionated or low molecular weight heparin,
and vitamin antagonists K may affect the

detection of lupus anticoagulant. (23,24)

Taking into account that in some patients

with Catastrophic antiphospholipid syn-
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drome (CAPS), a rare and potentially fatal
disease, is a systemic coagulopathy related
to antiphospholipid antibodies that must
be rapidly diagnosed and treated. It is cha-
racterized by clot formation in multiple
organs high production of cytokines in a
short time and high titers of antiphospholi-
pid antibodies (25).

Among the recommendations for the manage-
ment of antiphospholipid syndrome, the pro-
file of high-risk antiphospholipid antibodies
associated with thrombotic and obstetric anti-
phospholipid syndrome is important. Low-do-
se aspirin is recommended for asymptoma-
tic carriers of antiphospholipid antibodies,
patients with lupus erythematosus without
thrombotic or obstetric antiphospholipid syn-
drome, and non-pregnant women with a his-
tory of obstetric antiphospholipid syndrome.
Patients with antiphospholipid syndrome and
first venous thrombosis should be treated with
vitamin K antagonists with an INR 2-3. Riva-
roxaban should not be used in patients with
triple antiphospholipid antibody-positive anti-
phospholipid syndrome. (26)

Materials and methods

This research is descriptive, cross-sectio-
nal, correlational, and non-experimental.
The project is endorsed by the Research
Committee of the Universidad Colegio Ma-

yor de Cundinamarca.

55 plasmas were selected, of which 34 plas-
mas met the inclusion criteria: samples from
patients with prolonged TTP with positive
lupus anticoagulant and exclusion criteria:
samples from patients anticoagulated with
direct inhibitors such as Rivaroxaban and
Apixaban, direct factor X inhibitors and the

inhibitor Dabigatran direct from thrombin

For the statistical analysis, a descriptive
analysis of the continuous variables was ca-
rried out, the Shapiro-Wilk test was applied
to define the type of distribution of the
variables, in the variables of non-normal
distribution the median, the Interquartile
range (IR) and the maximum and mini-
mum values. Proportions are presented in
the categorical variables. For the bivariate
analyses, the Pearson’s Chi-square differen-
ce test, the Mann-Whitney test, the Krus-
kal-Wallis test, the Kruskal-Wallis test, and

the binomial test were used.

A value of p=< 0.05 was considered a sig-
nificant difference. The statistical program
SPSS 25 was used.

Coagulation factors XII and XI are mea-
sured in plasma by coagulometric methods
using the CA 1500 and CS-21001 equip-
ment. The test is performed by mixing plas-
ma deficient in the factor to be quantified
with the patient’s plasma. A T'TP is carried
out for the case of factors XI and XII. The
second data are interpolated into the speci-
fic calibration curve for each factor and the

results are expressed in UI/dL
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The calibration curve is made with the di-
lutions defined for each factor, following
the protocol of the programming manual
of each equipment. The equipment automa-
tically takes the coagulation times of each
of the dilutions and graphs the curve with

its corresponding factor activity.

Samples with results less than 50 Ul /dl
are considered to have a low factor activi-
ty value, due to the possibility that it may
be due to interference from the lupus an-
ticoagulant, the parallelism test is perfor-
med, which was carried out by diluting the
plasma "4 and dosing the factor again. If
a recovery of more than 15% of Factor is
evident, it is considered that there is reco-
very of the factor when diluting (para-
llelism). If, on the other hand, the result

plasma with positive lupus anticoagulant

of the factor remains with little variation in
the different dilutions, that is, close to the
initial value and is validated with the note:
No recovery of the factor is observed
when performing the dilution (paralle-

lism), which confirms factor deficiency.

Results

Description of demographic
characteristics with positive lupus
anticoagulant

Of the total of 55 samples analyzed that
were positive for lupus anticoagulant,
58.2% (32/55) had prolonged PTT and
3.6% (2/55) had normal PTT.

Table 1. Result of lupus anticoagulant.

Negative ‘ Positive
No. 11 18 29
Male
Percentage 52.4 52.9 52.7
0.968
No. 10 16 26
Female
Percentage 47.6 47.1 47.3
21 3.4 55
p: Chi-squared difference
There is no difference in the type of lupus anticoagulant according to sex

Of the total of 34 samples positive for lu-

pus anticoagulant, 18 (52.9%) correspon-

ded to men and 16 (47.1%) corresponded to
women. (Table 1)
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Table 2. Relationship between age and gender

‘ Men

‘ Women ‘ Totals

8 to 13 years Number 8 1 9
Percentage 44.40% 6.30% 26.50%
14 to 23 years Number 3 5 8
Percentage 16.70% 31.30% 23.50%
NA
Age 24 to 40 years Number 4 6 10
Percentage 22.20% 37.50% 29.40%
> 40 years Number 3 4 7
Percentage 16.70% 25.00% 20.60%
Total Number 18 16 3.4 0.552
P: Chi-squared difference

There is no difference in the distribution of
the type of lupus anticoagulant according

to age groups.

It is noteworthy that in the ranges from 8
to 13 years, the number of men is greater
than women, unlike the other ranges in
which the values are very similar for both

men and women.

m Normal (50-150) = Anormal

Graph 1. Factor XI according to UI/dl

The distribution of factor XI is not normal,
median of 33.85 UI/ dL, interquartile ran-

ge of 31.5, minimum of 33.2 and maximum

110

of 88.1. A normal value of 50 to 150 IU/ dL

of factor XI is considered.

As can be seen, 20.6% (7/34) were normal
and 79.4% (27/34) were below 50 IU /dl.

= Normal (50-150) = Anormal

Graph 2. factor XII according to Ul/dl

The factor XII distribution test is normal.
Mean: 64.91. Standard deviation 29.19. Mi-
nimum: 4.5 Maximum 122.0. A normal
range of 50 to 150 IU/dl is considered.

As can be seen, 29.4% (10/34) below 50 1U/
dl and 70.6% (24/34) normal.
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Table 3. Relationship between Factor XI and Factor XII

Factor XII
Average (50-150) ‘ Abnormal

Number 7 0 7
Average (50-150)

% of the total | 20.60% 0.00% 20.60%

Factor XI Count 17 10 27

Abnormal

% of the total | 50.00% 29.40% 79.40%
Total Count 24 10 3.4

% of the total | 70.60% 29.40% 100.00%

Of the total the 34 samples, 20.6% were
found with both factors between normal
limits, and 29.4%, both with abnormal fac-
tors. The factor with the greatest alteration
is factor XI.

Parallelism, % dilution for factor XI

Of the 27 samples with factor XI, less than
50 IU/dl, parallelism (V4 dilution) was made
to 20, which corresponds to 74% (20/27).

Table 4. Frequency of Factor XI recovery with 1/4 dilution

| No %
He recovered 20 100
Total 20 100

Of the 20 samples of factor XI to which pa-

rallelism was performed, 100% recovered

Of the 10 samples with factor XII less than
50 TU/ dL, parallelism was performed (V4
dilution) to 9, corresponding to 90% (2/9),

not recovered.

Table 5. Frequency of Factor XII recovery with 1/4 dilution

| No %
I do not recover 2 222
He recovered 7 77.8
Total 9 100

Of the nine samples to which parallelism
was performed, 22.2% (2/9) did not reco-
ver, which suggests factor deficiency and
77.8% (7/9) did recovet.

Of the 10 samples to which parallelism was
performed for factor XI and XI1, 7 recove-

red in both factors.

Discussion

The results of this study of factors XII and
All samples with positive AL were dosed
with Factor XI and Factor interference of
antiphospholipid acs in 79.4%, in which
100% recovery of the factor was observed.
The data observed in the samples analyzed

reflect the importance that in all hemosta-
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sis laboratories where these factor dosage
tests are performed and these are decrea-
sed, dilution tests are performed to evalua-
te interference by possible antibodies, and
in this way the results issued are used by
doctors to follow the best clinical conduct
for the benefit of patients. As recommen-
ded by the WFH guidelines (27)

It should be noted that when determining
factor XII of the samples positive for lupus
anticoagulant, interference from antiphos-
pholipid antibodies was found in 29.4%,
for which reason the dilution test (1/4) was
performed, in which recovery was obser-
ved in 77.8% and 22.2% did not recover,
confirming the factor deficiency. These
data make clear the importance of carrying
out the dilution in hemostasis laboratories,
since samples with real factor XII deficien-
cy can be found, but also others that are
simply caused by the interference of anti-
phospholipid antibodies. When we receive
samples with prolonged PTT we can find
ourselves in different scenarios: samples
with real deficiency of some coagulation
factor (Factor XI and XII), samples with
positive lupus anticoagulant accompanied
by a deficiency of some contact factor, or
only samples with lupus anticoagulant po-
sitive with normal factor dosage after per-

forming dilution tests.

This experience with this work makes clear
the importance of the clinical laboratory
in carrying out these tests and that the

responsible professionals can carry out the

complementary studies that are required
to give a correct and clear interpretation
of the results. Well-performed and inter-
preted tests will facilitate clinical correla-
tion and thus the treating physician will
adopt the best behaviors, especially since
these patients will receive chronic anti-
coagulation. On the other hand, it must
be remembered that the laboratory must
always have excellent communication with
the treating physician to confirm any fin-
ding of interest. As recommended by the
WFH guidelines (27)

When carrying out the comparative study
between factors XII and XI, it was found
that 29.4% of the two factors were altered,
there is a higher incidence of alteration in
factor XI, as well as a higher frequency in

male children.

A notable finding is that the longest PTT va-
lues were found in children from 8 to 13 years

of age compared to the other age groups.
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Review article

Systematic review and bibliometric analysis of the
metabolome found in human breast milk from healthy and
gestational diabetes mellitus mothers
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Abstract

Introduction. Human breast milk is considered the gold standard of nutrition, given
that thanks to the diversity in the metabolome it manages to meet the individual needs of
each infant by providing essential metabolites that contribute to and intervene in optimal
growth and development. Few factors can modify the composition of breast milk and,
simultaneously, its benefits. However, the increase in maternal metabolic diseases such as
gestational diabetes mellitus raises the question of whether it can be one of the factors that
condition the quality and quantity of metabolites contained in breast milk. Objective. To
identify the metabolome of breast milk from healthy mothers, its influence on the growth
and development of the infant, and to recognize those that are altered because of gestatio-
nal diabetes mellitus. Methodology. A systematic review was carried out using multiple
databases. For the bibliometric analysis, we used the results of Web of Science and Scopus

and the Tree of Science and Bibliometrix software.
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Introduction

Metabolomics is a branch of the omics
sciences responsible for studying the set of
metabolites present in biological systems
known as the metabolome (1,2). In it, low
molecular weight molecules can be identi-
fied in each matrix at a given moment in
time, generating an overview of the sample
that determines the physiological or patho-
logical state of the sample, which can con-
tribute to the detection of risk factors in

populations (3).

From the metabolic and nutritional point
of view, one of the populations of special
care are infants between 0-6 months; du-
ring this stage of life, it is proposed that fe-
eding should be exclusively through breas-
tfeeding. This is defined as a physiological
act that provides the baby with specialized
and individualized nutrition, by containing
the optimal distribution and quantity of
nutrients that are adapted to the nutritio-
nal and energetic needs of the infant, It is
considered the gold standard of nutrition
in this first stage of life and this is how
metabolomics in neonatology offers an im-
portant approach to investigate the link be-
tween nutrition and infant health. (4) The
first study to analyze the metabolome of
breast milk, according to researchers, was
conducted by Cesare Marincola et al. in

2012 (5)(6).

Breastfeeding is the main protective factor

against infant health; therefore, its promo-

tion, protection, and support have been
a priority for all countries. In Colombia,
breastfeeding is initiated from the very ins-
tant of birth and currently, 43% of mothers
use it as exclusive infant feeding according
to a report published in 2017 by Unicef, the
World Breastfeeding Collective, and the
World Health Organization.

The world is currently undergoing a pu-
blic health problem generated by epigenetic
conditions in people. This problem encom-
passes metabolic diseases, which include
diseases such as obesity, type 2 diabetes,
heart and/or metabolic disease, and non-al-

coholic fatty liver disease (7,8).

The metabolic diseases with which the mo-
thers arrive at pregnancy or develop during
pregnancy can influence the quality of the
nutrients in breast milk and in the same way
have repercussions on the health of the in-
fant, mainly leading to metabolic disorders in
the short and medium term (9). Recently, the
variation in the metabolome of breast milk in
diabetic mothers in relation to healthy mo-
thers was published, finding a high variation
in amino acids and lipids that are fundamen-

tal in the development of the child (10).

Gestational diabetes mellitus (GDM) is un-
derstood as “an intolerance to carbohydra-
tes that is discovered or manifests itself for
the first-time during gestation” (11). In Co-
lombia, the prevalence is currently estima-
ted to be between 10.3% and 15% of which
5% are type II diabetics, 7.5% are type 1
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diabetics who become pregnant, and the
remaining 87.5% are true diabetes of preg-
nancy (12). All these figures are on the rise
due to poor eating habits, the predominant
sedentary lifestyle and environmental con-
ditions that generate even more metabolic
diseases such as gestational diabetes melli-
tus (GDM), so it is vital to know the impact
of this disease on the first protective factor
of childhood, which is breast milk.

The objective of this review is to identify the
different metabolites in breast milk from heal-
thy mothers, their influence on the growth
and development of the infant and to recog-

nize those that are altered because of GDM.

Methodology

Systematic research was carried out by
means of a literature search in databases
such as Web of Science, Scopus, Scielo,
PubMed, and Google Scholar using the
keywords “Metabolome”, “Gestational dia-
betes mellitus”, “Human Breast milk meta-

2> <«¢

bolome”, “metabolomics profile” “growth

2y ¢¢

and development
the connectors “AND” and “IN”.

neonatal health”. Using

Articles whose content dealt with the
keywords were chosen, as well as epidemio-
logical studies on prevalence rates in this

geographical area and associated factors.

The reviewed publications were selected
with a maximum age of 6 years, except for

root articles.

For a complete understanding of the stu-
dies, the criteria considered for inclusion
were: (i) published primary research (ori-
ginal), (i) systematic reviews, (ili) reviews,
and (iv) research or clinical trials. The li-
terature search was conducted in a period
between January 2020 and July 2021.

Search equation

A bibliometric analysis was performed
using the packages “tost” and “bibliome-
trix” (13,14) for this, the search was per-
formed in Web of Science (WoS) using the
following equation: Topic: (metabolomic*
OR metabonomic*) and Topic: (“breast
milk” OR “human breast milk”) in a pe-
riod from 2001 to May 15, 2023, in the in-
dexes SCI-EXPANDED, SSCI, A&HCI,
ESCI. Likewise, a search was performed
in Scopus using the same equation in the
tields Title, Abstract, and Keywords. From
these searches, 165 results were obtained
in WoS and 272 in Scopus. All the results
were downloaded with the references cited
in each of the articles, to construct a cita-
tion network for the prioritization of the
documents. The WoS and Scopus results
were merged into a single data file using

the R package “tost”.

Citation analysis

Each of the references and citations of
each document were analyzed by means of
a citation network using the SAP algori-

thm of Tree of Science, which is an open
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code for prioritizing publications (15). This
systematic search methodology is based
on the prioritization of documents using
indicators of the topology of the citation
network explained in detail by Zuluaga et
al. (16) and making an analogy with the
tree of knowledge. Briefly, the methodolo-
gy consists of identifying the classic arti-
cles (roots), the articles that gave growth
to this area of knowledge (trunk), and the
recent articles with the greatest impact (lea-
ves). The citation network is used to extract
the documents with a high degree of entry,

the documents with high intermediation,

and the most recent ones that are linked
to the root and the trunk. Likewise, the
modularity algorithm (17) is applied to se-
lect different clusters or perspectives in the
knowledge area. The number of clusters
is selected using the tipping point algori-
thm; (13,18). All the code for this citation
analysis is available through the following
link:
tosr. Additionally, 104 articles found in the

https://github.com/coreofscience/

PubMed database that were not prioritized
in the methodology described above were

manually added (Figure 1).

T Wi o-S------: :'““Ec;.;u;“'":
1 113 Records | 'I 170 Records 1
i + f i + !

1 1
:- _ Cited References _ | i__ Cited References 1

Scopus and Scopus
Merged
{tosr)

T~

Citation analysis
(Tree of Science - tosr)

Bibliometics
{Bibliometrix)

T~

Prioritized documents

]
I PubMed |
]
]
]

Figure 1. Methodology for the search and selection of articles. Own source.
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Bibliometric Analysis

Bibliometric analysis was performed using
the Biblioshiny tool, an application of the
R package Bibliometrix (14), from which
indicators such as annual scientific pro-
duction, number of citations per journal
and per author, publications per author per
year, trend of keywords per year and the

collaboration network were extracted.

Results

Search equation and citation analysis

The literature review was carried out in

WoS and Scopus since between these two

Gigant component

Yy *4® o nf. 8

Nodes: 805
Edges: 1878

Modularity class

Nodes: 805
Edges: 1878

databases they integrate more than fifty
thousand scientific journals (19) and ad-
ditionally allow the user to download the
metadata and references cited within each
article. The search equation resulted in 272
references in WoS and 165 in Scopus, which
were downloaded in plain text with all the
metadata and citations reported in each of
the articles resulting from the search. These
results generated an initial network of 805
nodes (articles) and 1878 links (citations);
after using the network indicators and fil-
ters to extract the groups or perspectives,
a final network of 347 nodes and 582 links
was obtained (Figure 2).

Cluster filtering

Nodes: 347
Edges: 582

Figure 2. Priotitization of documents by citation analysis. Own source.

The title of each group was extracted to ge-
nerate the word cloud for each perspective

(Figure 3). Likewise, the articles were or-

ganized according to their importance by
means of the root, trunk and leaf indicators

as explained in the methodology section:
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Figure 3. Citation network and word cloud. Own source.

The first perspective represented in Figure
3 by the purple cluster represents 16.89% of
all the articles in knowledge. According to
the word cloud, it can be inferred that the
articles are related to the influence of breast
milk on growth, and the clinical behavior
of neonates in situations such as preeclamp-
sia, diabetes, and preterm birth. The second
perspective determined by the green cluster
represents 13.54% of the total number of ar-
ticles and refers to the study of formulas in
different animal models and metabolomic
analysis by NMR. The third cluster repre-
sents 12.67% and is represented by the blue
color, and is related to the oligosaccharide
profile, lactation studies, and longitudinal

studies of newborn feeding.

Bibliometric analysis

The bibliometric analysis was divided into
four different aspects, the first related to
publications and journals, the second rela-
ted to authors, the third to the documents
with the highest impact and the fourth
to the social structure. The metabolomic
studies of breast milk show according to
the number of publications per year an
increasing trend, which during the year
2022 presented the highest number of pu-
blications (Figure 4a). Figure 4b. The five
articles with the highest number of cita-
tions are shown. Marincola et al., (2012)
and Marincola (2015). Spevacek (2015).
Sundekilde (2016).



Annual Scientific Production
Articles

2004 2006 2008 2010 2012
Year

Most Local Cited Documents

MARINCOLA FC, 2012, J MATERN -FETAL NEONATAL MED

2014 2016 2018 2020 2022

‘SUNDEKILDE UK, 2016, NUTRIENTS

Documents

SPEVACEK AR, 2015, J NUTR

CCESARE MARINCOLA F, 2015, CLIN CHIM ACTA

PRATICO G, 2014, NAT PROD RES

]

20
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Figure 4. a. Annual scientific production. b. Papers with highest citations. Own source using bibliometrix software.

On the other hand, the five authors who
have published the most in metabolomics
and breast milk are shown in Figure 5a,
where the total number of published docu-

ments related to the area of knowledge is

indicated. Figure 5b shows the frequency
of publication of each of the five authors,
with the number of documents published

per year.
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Figure 5. a. Most relevant authors. b. Authors’ production over time. Own source using bibliometrix software.

The research of Fanos and collaborators
has been based on the study of the com-
ponents of breast milk, their bioactives
and their interaction with the development
of the infant. Atzori and coworkers del-
ved into the application of metabolomics
in maternal-fetal medicine and the recog-

nition of metabolome changes in mothers

with gestational diabetes mellitus. The fo-
cus of Bardanzellu et al. is on the characte-
rization of the metabolome and microbio-
me of breast milk and its comparison with
formula milk, where the influence of each
nutrient on neonatal metabolism is eva-
luated. Dessi et al. focused on the clinical

impact of metabolites contained in breast



milk, their intra- and intervariability; and
Reali et al. investigated the metabolomic
differences between colostrum and matu-
re human milk and their functions at each

stage of development.
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Figure 6. a. Collaboration networks. b. Contribution between countries. Own source using bibliometrix software.
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Analysis of the documents

The multiple properties and components
of breast milk in the neonatal stage are
crucial for optimal growth and develop-

ment since this is one of the most critical

periods of life (20).

However, breast milk contains about 600
species and it is stipulated that a breastfed
infant ingests up to 10 million live bacteria
per day (6), in addition, this liquid has spe-
cial characteristics that allow the neonate to
adapt to extrauterine life and influence the
rest of it, thanks to its capacity in the activa-
tion of metabolic processes such as growth,
development of the immune, nervous and
cognitive systems, colonization, intestinal
microbiological maturation, among many
others in which the bioactive compounds

of breast milk intervene (21,22).

Although the industry has made efforts to
create formula milk similar to breast milk,
it has been identified that this objective
has not been achieved so far, in view of the
fact that there are marked differences both
qualitatively and quantitatively in relation
to the metabolites that compose it, being
amino acids and fatty acids the ones with

the greatest variability (23-20).

In a comparative study of the year 2021
between the metabolites of human milk,
goat’s milk, equine milk and cow’s milk,
37 metabolites were found to be signifi-

cantly different among the four samples,

and complementarily, seven main metabo-
lic pathways were identified in the milk of
these animals that allow a global analysis
of their metabolome (27). However, in the
study conducted by PHAN M and colla-
borators, it is evident that after an analysis
of 261 metabolites, 151 of these, present
in formula milk, are closely related to hu-
man breast milk (28). This is evidence that
the efforts made by the industry to achie-
ve formula milk similar to breast milk are
progressing more and more, but, even so,
an exact similarity has not been achieved,

so it cannot replace it.

The composition of breast milk is not sta-
ble; on the contrary, it undergoes a series of
transformations according to the biological
age and physiological needs of the infant
(5,29,30). It has even been shown that the
external environment (geographical loca-
tion), the internal environment (mode of
delivery), the state of mind, and the dietary
intake of the mothers can alter the compo-
sition of the milk (31)(32)(33).

When the lactation process begins, the li-
quid coming from the mother between the
first and fifth or sixth day is known as co-
lostrum, characterized by its thick and ye-
llow appearance, contains a large number of
proteins and minerals, as well as many im-
mune active substances, such as macropha-
ges and lymphocytes, complement systems,
lysozyme, oligosaccharides and antimicro-
bials such as lactoferrin, which give an im-

munoprotective action to the newborn and
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decrease the production of inflammatory
cytokines (34,35).

After the first six days of lactation, some
authors describe the existence of transition
milk, in which nutrients and caloric con-
tent stabilize to give way to mature milk
with a completely different metabolomic
composition to meet the requirements of
this stage of the infant (36). After the first
month of lactation, breast milk reaches its
maximum point of maturity in metabolites
and energy which tends to optimal deve-
lopment and growth in this first stage of
life (35,37).

It should be clarified that human milk me-
tabolites are derived from three sources: (i)
nutrients from synthesis in the lactocyte,
(ii) those of dietary origin where the con-
centrations in the milk from the mammary
gland are strongly related to the mother’s
intake (38) and (iii) those from maternal
reserves regardless of the state of the milk
(39). The mother’s health and nutritional
status, all this to guarantee one hundred

percent of the caloric and nutritional intake
demanded by the infant (29,30,39).

Mature milk is the food that is provided for
a longer period in infant lactation compa-
red to the other phases of milk, which are
transitional and of short duration. In fact,
it has been suggested that the metabolites

and microbiome of mature milk remain sta-

ble for up to 24 months (40). Therefore, it

is of vital importance to characterize this
biofluid and the relationship it has with the
growth, and development of the infant and

its physiological functions (41).

For an adequate metabolomic analysis of
breast milk, several aspects must be consi-
dered, from its extraction, preparation, sto-
rage, and study. The most critical parts of
the process are storage since this step must
be carried out quickly and at appropriate
temperatures, and study since it identifies

polar and non-polar elements (42).

One of the techniques for the analysis of
these compounds that provides a comple-
te view of the dynamics of breast milk is
liquid chromatography adapted to mass
spectrometry, since it guarantees a wide co-
verage of the metabolome of breast milk,
especially for its fatty part (glycerophos-
pholipids and sphingolipids of low abun-
dance), in addition, it allows monitoring
short-term changes and the composition of
variable metabolites. However, it should be
clarified that the analysis to quantify HMO
can only be performed in those that have a
reference standard (26,43,44).

Currently, there are new study techniques
such as mass spectrometry with capillary
electrophoresis that allow an evolution in the
study of the metabolome of diverse fluids,
given that it identifies highly ionic and po-
lar elements such as organic acids, sugars,

and amino acids that cannot be appreciated
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through liquid chromatography, however,
being a recent technique, it is difficult to ac-

cess and presents a higher cost (45).

Considering that this liquid is stable
throughout the months, its classic distri-
bution of metabolites is highlighted. The
main component and the one which is pre-
sent in greater quantity is water with 88%
- 90%, as quality it presents an osmolarity
like that of the blood plasma which allows
the infant an optimal hydroelectrolytic ba-
lance without having additional water re-

quirements (41).

Lipids are the most abundant solid fraction
during this stage of breast milk, contribu-
ting 40% to 55% of the total energy of the
milk, followed by carbohydrates, conside-
ring that the most abundant in mature milk
is lactose (6.7 g/100 ml). This disaccharide
provides the infant with a high energy de-
mand for brain function and when meta-
bolized, it is the most important source of
galactose for the maintenance and develop-

ment of the central nervous system (30,41).

The protein contained in mature milk is
produced in 80% to 90% by the lacto-
cytes of the mammary gland, making it
the third most abundant solid in breast
milk (41,46). In addition, breast milk is
characterized by the presence of different
compounds, not nutrients, which toge-
ther with the macronutrients will be es-
sential in the infant’s nutrition, fulfilling

physiologically specific functions.

Although the systems of the term neonate
are complete, many of them are immature.
There is a variety of evidence correlating
the metabolites in breast milk and the in-

fluence it has on maturation.

Growth and development is an event that oc-
curs during the stage of conception and ends
with adolescence, having one of its highest
peaks during the first year of life, since it in-
fluences the exponential maturation of all or-
gans and tissues to ensure proper functioning

in the rest of the stages of life (47).

There are specific metabolites for the di-
fferent adaptations of the infant’s systems;
however, the growth factors in breast milk
play a transversal role in all the develop-
mental processes of the child, since among
their fascinating characteristics is their abi-
lity to reach the target organs intact, such
as the nervous, gastrointestinal, respiratory,
epithelial, and circulatory systems (48). Me-

tabolites in the gastrointestinal tract

The infant’s stomach has a reduced gas-
tric capacity, and the intestine has not yet
reached its potential in size. This is where
the importance of feeding with breast milk
lies since its composition contains growth
factors such as vascular endothelial growth
factor (VGEF), which interacts with speci-
fic receptors of the intestinal mucosa, parti-
cularly with those of the epithelial lineage.
This generates hyperplasia and hypertro-
phy favoring the absorptive capacity of nu-
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trients (22,49) It should be noted that the
newborn has been exposed to microbial

flora since the uterus, however, there is no
established symbiosis (50).

Breast milk from the early stages of lacta-
tion provides the amount of enterobacteria
necessary to enhance the immune response
and metabolic processes. For these bacte-
ria to survive, the metabolites that func-
tion as prebiotics are mainly HMOs, which
are the third most abundant solid unit in
breast milk, presenting up to 200 different
HMOs, which makes it the mammalian
milk with more of these compounds in a

concentration of 16 g/L in milk (51,52).

On the contrary, they are used by non-pa-
thogenic bacteria (53), especially by those
belonging to the bifidobacteria genus, pro-
viding substrates which, when metaboli-
zed, confer beneficial effects (52), such as
the generation of short-chain fatty acids
(SCFA), which create a stable intestinal
ecosystem (30,54).

The growth and maturation of the neona-
tal intestinal mucosa play a primordial role
in the capacity of nutrient absorption and
confer health and immunity to the infant.
Certain growth factors and cytokines pre-
sent in breast milk by mammary secretions
such as TGF- 8 2, EGF or FGF21, TGF
B 2, and IL-10 promote intestinal matu-
ration, configuring a uniformity in the

microbiome by means of particular inte-

ractions between probiotic bacterial stra-
ins and these elements, thus guaranteeing

diversity in the microbiota (55,56).

The same happens in pre-term neona-
tes, who need to increase the rate of early
growth and brain development due to their
physiological conditions, so the milk of
pre-term mothers is adapted to these rapid
growth needs (57) thanks to its content of
insulin-trophic and branched-chain amino
acids, lacto-N-fucopentaose, choline and
hydroxybutyrate, which are fundamental
metabolites in energy utilization, protein
synthesis, oxidative status and maturity of
intestinal epithelial cells so important in

prematurity (58).

Breast milk is the main exogenous source
in the infant of compounds called polya-
mines. Among them, spermine and sper-
midine stand out in this biofluid, which
generates growth, mucosal maturation,
and cellular proliferation in the neonate
(59). The tissues lining the baby’s intesti-
ne are labile grow at high rates and have a
very high turnover activity, which is why
breast milk offers high concentrations of

these molecules (30).

The enterocyte is the cell that makes up the
intestinal parenchyma and its optimal func-
tion, maturation, and activity are directly
related to the substrates that reach it (60).
The free amino acids that reach the intesti-
ne through the ingestion of breast milk are,

with the greatest abundance, glutamine,
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and glutamate, comprising 70% (61). Glu-
tamine is a precursor of intestinal health,
so its absence as an exogenous supply will
limit the functioning of enterocytes, due
to the fact that its endogenous synthesis is
limited (62). It has the capacity to be oxi-
dized by intestinal cells and immune tissue
present in the intestine, which makes it an
energetic substrate for the periods of rapid
and exponential growth that this organ un-
dergoes in the first months of the life of
the infant (61,62). Additionally, glutamine
in the company of microbiota supports the
intestinal barrier function by modulating
certain specific intracellular pathways and

decreasing the permeability of the wall (62).

Glutamate, an amino acid that increases
throughout lactation, contributes to the
necessary production of energy to support
intestinal functions, and neurodevelop-
ment, in addition to promoting the micro-
biota in the infant’s intestine and regula-
ting appetite (30,63,64).

For an adequate absorption and facilitation
of the metabolism of nutrients, there are
substrates that intervene in this task, such
as lactoferrin, osteopontin, milk fat globu-
le membrane (MGFM), and palmitic acid,
this helps the absorption of calcium and
magnesium, and jointly decreases constipa-
tion in the newborn (30,65-67).

The maturation and integrity of the gas-
trointestinal tract are of vital importance

since this system performs the uptake and

absorption of nutrients, directing them into
the bloodstream to reach the other sites in
the body, in seeking to satisfy the needs of
the organs for optimal development (68).

Metabolites in the immune system

At birth, the infant is directly exposed to
all the pathological factors that previous-
ly protected it in the amniotic sac, placen-
ta, and intrauterine environment (69). The
newborn presents a complete immune sys-
tem, however, portrays some specific defi-
cient functions such as “physical and che-
mical barriers, deficient function of innate
effector cells, limited and delayed produc-
tion of secretory immunoglobulin A (IgA),
complement cascade function, and insuffi-
cient anti-inflammatory mechanisms of the

respiratory and gastrointestinal tracts” (60).

The main immunological protectors of
breast milk are immunoglobulins, inclu-
ding IgG, IgM, and IgA. The latter is the
most prevalent and inhibits the binding of
pathogens to the intestinal epithelium by
trapping them in layers of mucus. IgM is
responsible for binding identified patho-
gens and thus activating the complement
factor. IgG transports, by phagocytosis,
the antigens to the lamina propria, and has

the capacity to activate the complement
factor (60).

One of the fundamental components in this
stage for the strengthening of the immu-

ne system is the growth factors since they
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have an immunoregulatory function due to
the action they exert on the cells of the me-
senteric lymph node, thus allowing a nota-
ble increase of the natural killer (NK) cells,
maturation of lymphocytes and reduction
of cytokines which are directly related to
allergic reactions (56). The function of both
epidermal growth factor (EGF) and trans-
forming growth factor (TGF) are involved
in modulating the inflammatory response
and improving the response to pathogens
thanks to the production of B lymphocytes,
immune cells of the thymus and lymphoid
tissues (12,34,70). Macrophage colony-sti-
mulating factor (M-CSF) and granulocyte
colony-stimulating factor (G-CSF) con-
tribute to the survival of macrophages in
breast milk (69).

The latter together with neutrophils, T
cells, stem cells, lymphocytes, antimicro-
bial factors, immunoglobulins, and cyto-
kines operate in networks and orchestrate
the functions of the infant’s immune sys-
tem (71). Speaking especially of stem cells,
they trigger the beginning of the immune
system response in the newborn, since they
have the capacity to migrate to different
organs and differentiate, among which is
the thymus which, being a lymphoid and
specialized organ of the immune system, its
development will be directly related to the
cellular immune response of the neonate’s
organism (72)(73).

Breast milk contains cytokines which are

pluripotent peptides that have an immu-

nostimulatory and immunomodulatory
effect, inducing phagocytosis and antigen
presentation, growth, and differentiation
of immunoglobulin, and suppressing the
production of immunoglobulin E (IgE).
In summary, they are not only responsible
for passive protection but also intervene in
the immunological development of the re-
cipient infant (52,69). Within the mammary
gland, IL-6 participates especially, genera-
ting, in an increased manner, IgM and IgA
immunoglobulins and decreases IL-1 and

TNF o (74).

The metabolite responsible for iron depri-
vation, alteration of membranes of patho-
genic microorganisms, microbial receptor
analogs, and favoring the growth of epi-
thelial cells is lactoferrin and its derivatives
which have antimicrobial and fungicidal
functions (65,75).

Lipids also modulate the immune system.
For example, phospholipids, although they
are in smaller quantities compared to colos-
trum and transitional milk, play an indis-
pensable role in immune and anti-inflam-
matory responses of the infant together
with omega 3 and omega 6 fatty acids since
they are fundamental in anti-inflammatory
and inflammatory processes respectively
(76-78) Other lipids involved in the immu-
nity of the infant are short chain fatty acids
from the metabolism in the microbiota of
HMO. Their mechanism is to acidify the
intestinal lumen and thus prevent bacterial
growth (52).
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Other influential metabolites are osteopon-
tin which performs immune regulation by
interacting with cell surface integrins and
CD44 receptors (65,79) and simultaneously,
glutamine and glutamate are immunomo-
dulators preventing neonatal allergies and

infections (61).

Many pathogens, to infect, adhere to the
glycocalyx, which is a layer that covers epi-
thelial cells and is formed by glucans, pro-
teins, and lipids. HMOs are structurally
like glucans, which is how pathogens and
toxins identify them as sites of adherence
and thus transit the gastrointestinal tract
without causing disease (29,52,80). Meta-

bolites in neonatal metabolism.

At this stage of life, the newborn requi-
res precise amounts of energy from breast
milk nutrients for proper organ function
and thus promotes constant growth and
development. The lipids in breast milk are
the main metabolites in the production of
energy that the newborn needs to fulfill
and maintain the body’s functions. About
98 to 99% of these are composed of tria-
cylglycerols, whose properties are derived
from the fatty acids of which they are com-
posed (67,81).

The lipid fractions in breast milk are dis-
tributed as follows: “34% -47% Saturated
fatty acids being mainly palmitic acid with
17% -25%; 31% to 43% are monounsatu-
rated fatty acids (MUFA), polyunsaturated
fatty acids (PUFA) with 12% -26% omega 6

(n-6) and 0.8% -3.6% omega 3 (n - 3)” (30).
Concluding that the ratio of unsaturated
versus saturated fats is higher than in other

mammals (67).

Mature human milk stands out for contai-
ning a higher concentration of lipids, which
form the structure of the cell membrane,
are responsible for signal transmission and
cell recognition in signaling pathways, as
well as influencing lipoprotein metabolism,
being transporters and sources of fat-solu-

ble vitamins (81).

Some of the fatty acids that make up breast
milk are palmitic acid, which, in addition
to providing energy, has a surfactant func-
tion within the respiratory system, preven-
ting the collapse of the alveolus and, at the
same time, contributes to the absorption of
magnesium and calcium (30,67). The long-
chain polyunsaturated fatty acids involved
in the growth and maturation of various
organs in the infant are n-3 (x-linolenic
acid) and n-6 (linoleic acid). However, not
all lipids have an impact on adiposity gain.
On the contrary, many of them will fulfill
other tasks within the newborn’s organism.
The only fatty acid that has been directly

related to adipose gain is linoleic acid (82).

There are endogenous lipid mediators de-
rived from long-chain polyunsaturated fa-
tty acids called endocannabinoids. Althou-
gh their function has not been extensively
studied or understood, Gaitan et al. esta-

blished that mature milk contains lower
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levels of arachidonoylglycerol, which plays
an important role in the sucking pattern of
the infant (83). An important metabolite in
energy generation is carnitine, since it pro-
motes lipid utilization by controlling the
entry of fatty acids into the mitochondria,
facilitating the oxidation of pyruvate and
large amounts of branched-chain amino
acids (67).

Another large group of metabolites favo-
ring energy production in the neonate are
carbohydrates. Their total amount is rela-
ted to the infant’s length, weight gain, and
percentage of fat-free mass (84). Lactose is
positively associated with weight gain and
adipose reserve in the period from 3 to 12
months of the infant (82), this is closely re-
lated to the increase of this disaccharide in
human milk as the lactation time passes;
and to maintain the osmotic state in balan-
ce, citrate, which is part of the intermedia-
tes in the energetic metabolism of the cells
and in tricarboxylic acid, in this phase its
quantity decreases (23). Its influence on in-
fant growth is fundamental since it allows
the absorption of nutrients that are direct-
ly related to bone health and growth such
as calcium and others such as copper and
magnesium involved in the generation of

energy through phosphorylation (85).

Amino acids that promote energy genera-
tion by providing nitrogen necessary for
growth in the newborn are alanine, glu-
tamate, glutamine, isoleucine, threonine,

valine, methionine, and the organic com-

pound creatinine, the latter of which trans-
ports energy to sites of ATP synthesis (36).
Glutamine participates in growth by en-
hancing the effects of growth factors inclu-
ding insulin-like growth factor and epider-
mal growth factor, while glutamate acts on
weight gain (22,30,306,61).

Metabolically active proteins that are syn-
thesized in the adipocyte have important
metabolic functions, these are called adi-
pokines formed by leptin that produces
satiety, leads to high energy consumption,
and increases serotonin availability; adipo-
nectin increases insulin sensitivity; ghrelin
favors regulation of energy metabolism and
stimulates the secretion of growth hormo-
ne (GH) and obestatin modulates cell pro-
liferation (86,87).

The growth factors play a fundamental role
in the formation and maturation of various
organs that consequently avoid any altera-
tion in the baby’s organism and promote
adequate growth, the main ones are: vascu-
lar endothelial growth factor (VEFG), he-
patocyte growth factor (HGF), epidermal
growth factor (EGF) and insulin growth
factors (IGF) (22) At the same time, polya-
mines that regulate development and stress
response are necessary for cell growth and
proliferation (59,77).

Each organ or system within the newborn’s
body uses specific metabolites for healthy
development and within normal parame-

ters. Thus, micronutrients such as zinc,
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iron, and copper are used for the functions
of most of them because they are part of
enzymes, biocatalysts, and cofactors of di-
fferent reactions (88). On the other hand,
vitamins B5, B6, B9 and B12 perform bio-
logical activities in nucleic acid production
and influence metabolic pathways such as
glycolysis, gluconeogenesis, and amino acid
metabolism. Together with other cofactors,
they can influence DNA methylation by
carbon metabolism (89). Organs such as
the brain, pancreas, thymus, spleen, kidney,
and liver mature mostly due to stem cells
contained in breast milk (22,73).

Visual development is strongly influenced
by the contribution of DHA and taurine
(90) and the circulatory system benefits
from choline and betaine for the preven-
tion of cardiovascular diseases that may
affect the health of the newborn (91). Hen-
ce lies the importance of the contribution
of breast milk, since it has been shown that
infants fed with this biofluid have a higher
excretion of choline than those fed with
formula milk, which implies better covera-
ge (36,92).

Metabolites in bone development

Ossification in infancy is dependent on cal-
cium and phosphorus (in a ratio of 1.2 to
2 respectively) and on vitamin D which is
found in its original form in very low le-
vels in breast milk but is sufficient to per-
form the functions of calcium homeostasis

and bone metabolism accompanied by high

concentrations of parathormone (PTHrP)
which reduces the risk of hypocalcemia due

to rapid accumulation in the bone (93,94).

Metabolites in the nervous and
cognitive system

The brain is one of the organs that requi-
res specific nutrients and metabolites for
its development. The neonate needs high
demands to fulfill the 4 stages of matura-
tion that may not be consecutive, but si-
multaneous, they are cell proliferation;
migration; organization and lamination of
the brain; and finally, myelination. These
are affected by internal or external factors
so that an inadequate supply of nutrients

would delay optimal maturation (95).

Neural myelination allows an adequate
transmission of nerve impulses. During the
lactation period. The baby receives sphin-
gomyelin through the mother’s milk which
promotes the coating of neurons and impro-
ves neurobehavioral development in infan-
cy (96). With the help of B vitamins, brain
plasticity, and neuronal differentiation are
regulated, promoting other brain functions
(71). Particularly vitamins B9 and B12 are
involved in homocysteine metabolism and
myelin preservation. Their deficiency may

lead to neurodevelopmental disorders (89).

Lipids and HMO are the metabolites with
the greatest incidence in brain health, both
in its development and in good neuronal

functioning, because the brain is the organ
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that houses a large amount of lipids after
adipose tissue, the difference being that
brain lipids are mainly polyunsaturated fat-
ty acids and structural phospholipids of the

membranes (97).

This is demonstrated by linolenic acid by the
contribution of DHA which particularly tar-
gets the gray matter areas involved in motor
control, sensory integration, and tension. In
turn, arachidonic acid (ARA) derived from
omega 6 is responsible for the plasticity of
the hippocampus (89) and together with
linoleic acid promotes brain development,
neurotransmission, and normal functions of
the cell membranes of the central nervous
system (CNS); as well as HMO, in view of
the fact that when fermented in the intestine
they induce a regulation in brain signaling
and inflammation that can generate some
irreparable lesion (48,53,71).

Palmitic acid, although it is not a polyunsa-
turated fatty acid, is part of the lipids that
play an essential role in the transport of
proteins throughout the nervous system by

a process called palmitoylation (98).

The main source of energy in the brain is
attributed to glucose, which is obtained
from various carbohydrates, and the not-
mal processes of synapses and nerve impul-

ses depend on its constant supply (89).

One of the oligosaccharides in human milk
is 2’-fucosillactose (2’FL) and together with

a metabolic resultant of them, sialic acid,

which participates in the synthesis of gan-
gliosides and glycoproteins to which im-
portant roles in neural growth are attribu-
ted, have evidenced notable improvements
in later ages in memory, attention, and cog-
nitive results (52,53,97). However, for these
processes to occur, brain maturation must

be properly established (53).

A large group of diverse metabolites stimu-
lates the above-described, such as creatine,
betaine, choline, lactoferrin, osteopontin,
fat globules, leucine, isoleucine, and va-
line. Any error in the metabolism of the-
se triggers direct neurological disorders.
It should be noted that the amino acids,
together with others such as methionine,
participate in the regulation of the sleep-
wake cycle in infants (22,36,67,99). While
taurine allows a balance in terms of neural
cell volume (41,100). The organization and
distribution of the nervous system (NS) are
modulated by the brain-derived neurotro-
phic factor (BDNF), glial cell line-derived
neurotrophic factor (GDNF), S100B, and
neurotropin (NT-3) which are part of the
growth factors and are highlighted as they
help vascularization, maintenance and de-
velopment (101-104). Vitamin D, although
not part of the growth factors, its deficien-
cy may cause behavioral and learning di-
sorders later, because it directly induces the
activation of nerve growth factors and, ad-
ditionally, promotes neurite outgrowth and
protects hippocampal neurons from under-

going apoptosis (89).
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There is much evidence correlating breast
milk metabolites and their influence on the
growth, development, and health of the in-
fant, but it is even more important to eva-
luate whether there are maternal factors or
conditions that may alter this composition
and at the same time its benefits.BF in ges-
tational diabetes mellitus (GDM)

GDM is a pathology defined as “carbohy-
drate intolerance that is discovered or ma-
nifests itself for the first-time during ges-
tation” (12). Metabolic diseases condition
maternal metabolism, which could affect
the quality of breast milk during the lacta-
tion period since it is made from maternal
substrates (9,39,105). GDM brings seque-
laec to both the mother and the newborn,
which consequently can alter the composi-
tion of human milk and the effects of lacta-

tion such as delayed lactogenesis (103).

Some of the metabolites that are affected in
mature milk will be described below, con-
sidering that 17 metabolites are altered at
this stage of the 28 in total that are altered
throughout lactation because of GDM (10).

Although energy does not correspond to a
single metabolite, but is the contribution of
macronutrients comprised in breast milk,
according to Shapira and collaborators, the
energy content in maternal mature milk
was shown to be higher in healthy mothers
when compared to mothers with GDM.
While another study conducted in 2017

mentioned that in women with high preges-

tational BMI and GDM presented increa-
sed concentrations of fat and energy levels
(27,106,107). It is speculated that the hypo-
glycemic diets that mothers with GDM
undergo may be related to the decrease in
energy content in this group, however, the
mechanism has not been defined and the

correlation is not established (100).

Regarding protein, it should be clarified
that the literature is not yet so specific.
However, Dritsakou and collaborators
made significant findings regarding redu-
ced levels of protein in mature milk in mo-
thers with a controlled diet in GDM (107).
When evaluating the quantity and concen-
tration of lactoferrin and IgA in the milk
of these mothers, it was demonstrated that
GDM did not affect these metabolites, the-
refore, there were no changes, even if they
were insulin dependent. It should be clari-
fied that when a survey of the studies was
made, no significant changes were found in
terms of protein in mature breast milk, al-
though it is important to report that GDM
generates modifications in the proteins of

human colostrum (103).

Six of the lipids suspended in the breast
milk of mothers with GDM showed altera-
tions. Five of them decreased in quantity,
being 1 a saturated fatty acid (pimelic acid)
and 4 unsaturated fatty acids (9-heptade-
canoic acid, 10-pentadecanoic acid, 2-hy-
droxyglutaramic acid, and nervonic acid),
while only one of saturated character in-

creases its concentration (lignoseric acid)
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(10). Lipid changes are considered signifi-
cant in the study of Dritsakou et al. and

Shapira et al. in terms of increased concen-
trations (106,107).

It has been shown that infants breastfed
with milk from a mother with GDM lead
to excessive weight gain at one year of life,
directly related to the high lipid content. It
is for this reason that the importance of an
adequate intake of breast milk from mo-
thers with GDM together with specialized
and modified formula milk especially for
these infants has been described to opti-
mize results in body composition in later
stages of lactation (27). The carbohydra-
te content is modified since 3 metabolites
corresponding to this group are increased,
they are iditol, galactitol, and sorbitol (27).
In contrast, the study “The effect of ges-
tational diabetes mellitus on human milk
macronutrient content” found a lower con-
centration of all saccharides in the mature
milk of GDM.In parallel, the study “The
impact of maternal- and neonatal-associa-
ted factors on human milk’s macronutrients
and energy” reports no evidence of signifi-
cant changes in these (106,107). In gene-
ral, studies found no modifications in to-
tal carbohydrate levels between milk from
healthy mothers and mothers with GDM,
including insulin-dependent mothers (103).
As for the hormones in the mature milk of
mothers with this pathology, the variability
found in insulin was related to an increa-

se, especially in those who received exoge-

nous insulin doses, while adiponectin was
decreased, but in a specific period of time
(day 90 of mature milk supply) (108). The
hormone responsible for heat production
in the neonate and for the conversion of
white adipose tissue to brown adipose tis-
sue is irisin, which according to Fatima and
coworkers, is reduced in the BF of mothers
with this disease (109).

Metabolites related to anti-infectious ac-
tivity such as quemerin and dermicin,
which stimulate the action of macro-
phages in inflammation, show higher
amounts in the milk of mothers with
GDM than in healthy mothers. Their im-
portance in the prevention of diabetes in
the offspring is highlighted (110).

The metabolomic profile of breast milk in
GDM is varied and very broad; however,
there are no recent studies that confirm the
changes and associations of this metabolic
alteration of the mother with the metabo-
lites in the milk produced postpartum, es-
pecially in the mature milk stage. Although
there is evidence of an incidence of altera-
tion of the microbiota that can modify this
profile (111,112).

Conclusion

As a result of an exhaustive and detailed
search of recent studies on breast milk and
the effects on the metabolome that it can

suffer due to a metabolic alteration such as
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GDM, it is concluded that breast milk con-
tinues to be the gold standard of nutrition
in the first months of life, which is cons-
tantly ratified in research on the benefits
in growth, development, and health of the
neonate and in later stages due to its specia-

lized metabolite content.

Perinatal physiology prepares the mother
to respond to nutritional needs after bir-
th, which will be satisfied through breast-
feeding regardless of a pathological condi-
tion such as GDM. In short, the mammary
gland and maternal metabolism generate
adaptations to provide the infant with all
the necessary metabolites without signifi-
cant changes that could demonstrate altera-
tions in the growth and development of the
offspring of mothers with GDM. Despite
this, there is no clear evidence to certify
that GDM breast milk induces the develo-
pment of metabolic diseases in infants at

future ages.

In view of the above, more clinical trials
are needed to corroborate in a broad and
deep way the variations in the metabolo-
me of breast milk in this pathological con-
dition, its relationship with being a con-
ditioning factor for the development of
future metabolic diseases in the newborn
and whether they are influenced by exter-
nal factors, mainly the mother’s diet, which
has heterogeneous characteristics such as
culture, geographic region, socioeconomic
situation and other social determinants; In

addition, to inquire about the metabolism

and adaptations of the mammary gland that
responds to the needs of the infant even in

this pathological condition.
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