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ABSTRACT

childbirth in the future.

contractions; Pain intensity; Metabolomic

The difficulty in the clinical diagnosis of labor is due to an evolutionary mismatch. The ability to hide the signs and
symptoms of labor is an evolutionary trait that was once advantageous, but became abnormal due to environmental
changes. Prospective diagnosis of labor is not possible with certainty using only clinical criteria; however, by analyzing
the urinary metabolome of women in labor, this diagnosis is likely possible in all cases. In this review, we explain
why the two methods (clinical and metabolomic) differ in efficacy and sensitivity, and we try to fit this difference
into an evolutionary framework that explains these discrepancies considering evolutionary mismatch. The study
of metabolomics allows the truth to emerge from the past, and the diffusion of metabolomic techniques and their
application to clinical reality in the form of POC (Point of Care) could change the management of labor and
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INTRODUCTION

One of the factors that makes labor diagnosis difficult is that it
must frequently take place in a: “high pressured environment where
conflicting pressures of workload, limited resources and emotional
pressures add to the complexity of the judgement” [1,2]. A wrong
diagnosis can lead to labor mismanagement, as early accelerations
and/or misdiagnoses of prolonged labor which can result in
inappropriate monitoring and fetal distress [3,4]. Aside from
that, timely diagnosis is likely to reduce the number of caesarean
section as well as the number of unnecessary interventions during

childbirth [5-8].

However, in the current state of knowledge, there is little consensus
regarding definitions of labor onset in the research literature [9].
Currently, there is not precise clinical definition for the moment at
which labor begins.

In 2005 we published “Diagnosis of Labor: a Prospective Study” [1].
This multicentre prospective study assessed the predictability of the
criteria for labor diagnosis most used in medical literature.

The study involved 423 pregnant women who presented to 2 Italian
hospitals with uterine contractions (248 nulliparous patients total
and 175 multiparous totals) and were either admitted or advised to
return home. The goal was to identify prospective criteria for labor
diagnosis. The multivariate statistical analysis revealed four clinical
criteria that were significant predictors of labor onset:

e Interval reduction between consecutive uterine contractions
e Abdominal pain of increasing intensity

e Cervical effacement

e Cervical dilation

Backache had instead a negative diagnostic value.

Regular uterine contractions, mucous plug loss, changes in
intestinal habits, vomiting, pain relieved by walking, and changes
in breathing pattern, did not have any diagnostic value.

We subsequently confirmed these results in a second prospective
longitudinal cohort study, performed on a larger number of
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women [10]. Although both studies were prospective, the methods
used allowed only for a retrospective labor diagnosis, as in current
clinical practice. To overcome this problem, we used metabolomic
technology to analyze urine samples of patients in and out of labor,
demonstrating that the metabolic patterns in the two groups are
very different, even though clinical examination revealed no clear
distinction. Without performing any obstetric examination, it is
possible to clearly distinguish laboring patients from non-laboring
patients by performing a metabolic examination of maternal
urine (GC/MS and NMR approach) [11]. In this study the list of
discriminant urinary metabolites identified as significant during
labor by H-NMR analysis allows us to discriminate in 100% of
cases between patients in labor and patients not in labor. Some
of the molecules that allow this discrimination, in decreasing
order of importance are: Glycine, lactic acid, 3-hydroxybutyric
acid, acetoacetic acid, acetone, and glucose. On the contrary
and surprisingly, myoinositol revealed no discriminant results.
Ultimately using a misclassification table, we were able to
significantly predict a correct rate of laboring women in 100% of
cases.

The metabolomics analysis evidenced clusters of metabolites
involved in labor condition. Through the analysis of urine samples,
collected before the onset and during labor, we were able to
discriminate between laboring and non-laboring women, potentially
offering the potential of a robust screening test to diagnose labor
prospectively.

Nowadays one of the main problems in diagnosis is that there is
little consensus in medical literature on the definitions of labor
onset. A measurable definition of labor onset is therefore essential
to avoid misdiagnosis and to identify deviations from normal in a
timely manner [9]. We believe that this step is possible today, by
making full use of the possibilities offered by the omics sciences.

In our first study despite focusing on labor diagnosis with only
clinical instruments, obstetric examination, and history, we were
unable to make a proper diagnosis of labor in 24% of cases [1].
According to our studies, labor is characterized by a different
maternal metabolic state.

Metabolomics has the potential to differentiate between different
metabolic profiling of human bio fluids, using Ultra-Performance
Liquid Chromatography (UPLC) and mass spectrometry, for
example, we have the possibility of having a versatile platform
capable of performing untargeted metabolic profiling of urine [12].

We believe that urine is the best bio fluid to study labor, in
fact, urine, compared to other bio fluids, is characterized by
ease of collection, richness in metabolites and precision to
reflect imbalances of all biochemical pathways within the body.
Furthermore, urine samples must be immediately frozen to reduce
any biogenic and/or non-biogenic chemical reactions [13]. Chen
Zhou et al. studied urine from 8 sows during the estrus period and
at different stages of gestation (9,12, and 15 days of gestation) and
through the identification of a total of 530 different metabolites,
they demonstrated the metabolic differences between the different
urinary metabolites in different periods of gestation. In practice
the results of this study can be used for assessing peri-implantation
status in sows [14]. Studies like this clearly show how gestational-
induced metabolic changes appear very early in mammals. If
gestation is the first major metabolic change in a pregnant female
organism, the second major change is what occurs during labor,
when the entire female organism tends towards the expulsion of
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ANALYSISOFCLINICALSTUDIESCONSIDERING
THE EVOLUTIONARY FRAMEWORK

We reviewed the results of our studies on the diagnosis of labor and
placed them in an evolutionary context to develop a hypothesis that
explains why it is difficult to diagnose labor using clinical criteria,
while the diagnosis becomes simple using complex metabolic
criteria.

We have divided the criteria normally used to diagnose labor into
items that can be easily hidden and not, from an outside observer

(Tables 1 and 2).

Table 1: Diagnosis of labor by the criteria that are easily hidden.

Easily hidden  Nulliparous N Multiparous N Odds Ratio n
criteria (%) (%) (95%CI)
inlt{eQrC\i/L;lCtl:i)Ztr\lvier::n 21 131 (1 01641290)
0, 0, . - 1.
contractions (82.70%) (85.10%) P=0.038
. . . 1.41
Pain of increasing 229 142 (1.01.2.02)
. . o o .01-2.
intensity (89.80%) (88.20%) P=0.042
0.78
196 119
Backache o o (0.61-0.91)
(76.90%) (73.90%) P=0.047
Pain relieved by 97 65 © $f1910)
walking (38.00%) (40.40%) 50.05
Cervical 185 97 (1 112.41477)
0, 0, . ~ L.
effacement (72%) (60%) P=0.023
1.91
144 121
Cervical dilation o o (1.53-2.38)
(56%) (75%) P=0.018

Table 2: Diagnosis of labor by the criteria that are not easily hidden.

Not easily Nulliparous N Multiparous N Odds Ratio n
hidden criteria (%) (%) (95%CI)
Changes in 0.9 (0.72-1.12)

67 (23.30%) 57 (35.40%)

intestinal habits P>0.05

1.07 (0.88-1.32)

Loss of mucous

0, 0O,
plug 144 (56.50%) 69 (42.90%) P50.05
Changes in o o 1.11 (0.88-1.40)
breathing pattern 201 (78.80%) 103 (64.00%) P>0.05
- 0.94 (0.71-1.24)
Vomiting 193 (77%) 129 (86%) P50.05
Premature
rupture of 56 (22%) 31 (19%) 116 (0.90-1.49)
P>0.05
membranes

Concealment concerns the immediate external manifestation of the
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event; an element cannot be concealed when an observer or predator
external to the event can notice, without refined investigations,
the relatively incapacitated situation of the parturient, which is
particularly vulnerable at that time.

Vomiting and changes in respiration are considered as clear to an
outside observer, as well as pain and suffering of the parturient,
and are therefore classified as “evident criteria”, while variations
of pain intensity, contractions frequency and dilation are instead
among what we considered as “hidden” criteria.

In a primitive environment and certainly in today’s animal world
as well, also the loss of the mucous plug (odor) can be classified as
evident. As the mucus plug, the afterbirth as well is considered as
an undeniable sign of delivery. Apart for the physical presence of
the excreted placenta, the blood that comes with it and its smell
can be easily detected by predators or other individuals passing
nearby. Perhaps this is why many animals practice placentophagy.
Certainly, placentophagy has other causes as well, and perhaps this
is not even the most important reason. The placenta contains high
levels of prostaglandins, which stimulate involution of the maternal
uterus, and it also contains small amounts of oxytocin, which
causes mammary myocells to contract to promote milk excretion.
However, and more importantly, animals are also likely to practice
placentophagy in order to leave no trace of childbirth behind, to
protect new-borns from predators [17].

Concerning pain and thus the presence of contractile activity,
we have considered them as evident from the outside, as well as
the alleviation of pain through walking, as they cause changes in
maternal behaviour. However, variations in pain intensity over time
may not be externally visible. Pain has in fact no valid and definitive
units of measurement, which makes it difficult for potential
predators to understand the actual level of incapacitation of the
mother, but also for those who assist the mother in our current
setting to measure it, making visual or verbal analog scales, such as
the Vas/Hutchison scale, necessary [18,19].

Therefore, we believe that the reduction in the interval between
uterine contractions and the increasing pain intensity are not
externally perceptible. They are quantitative events that modify an
already present reality.

Cervical distension and dilatation as well are certainly not visible,
as they require gynaecological evaluation to be determined.

Generally, the clinical criteria that are resulted as the most
significant for diagnosis of labor in our study was: reduced interval
between consecutive uterine contractions, pain of increasing
intensity, and cervical distension and dilatation, also known as
all the “hidden” criteria [1]. It only seems natural, according to
the ancient modalities of birth, that the most important factors
determining labor where those not readily accessible to outside
observers and potential predators.

Childbirth, in fact, is typically a solitary event for nonhuman
primates [20]. The female who is in labor is extremely vulnerable,
and this is why labor must be concealed or hidden. Over time, it is
likely that only those elements that could be mystified, unseen by
any outside predators, have been selected and passed the screening
process.

Thus, while childbirth, by its nature, requires secrecy, nowadays we
give birth involving many people (Figure 1). When did this start’
When did women start asking for help? In other words, when was
obstetrics born?
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Figure 1: A) Mother previously approaching to labor alone, possibly
far from predators and other individuals, signs indicating stages of
labor are well hidden from external observers; B) Mother nowadays
approaching to labor with the assistance of professional figures, who
actively look through instrumentation and clinical analysis for hidden
signs of labor.

The ability to ask for help requires the development of certain
skills, essentially those of verbal and nonverbal communication.
Verbal skills are one of the features of intelligence most directly
related (on a logarithmic scale) to increased telencephalic brain
volume [21]. Increased brain volume and bipedalism are probably
the main factors that determined the radical difference between
the different modalities of delivery in primates and humans. For
the human foetus, there is always the need to perform rotational
and flexion movements within the birth canal. In other words, the
foetus must “negotiate” delivery, whereas in monkeys and apes this
need is sporadic.

The remodelling of the female pelvis altered the birth canal to allow
the birth of infants with larger brains than their predecessors. It
was at this point that delivery assistance made a critical difference
in mortality and morbidity for humans. Even today, obstructed
labor is the leading cause of death in places where obstetric care is
not readily available [22,23].

It is likely that the rise in maternal mortality created a selective
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pressure that resulted in the almost universal human practice of
midwifery. This need was exacerbated by “encephalization,” which
began in Homo erectus and continued in Homo sapiens [24].

LABOR ACROSS HUMANS AND NON-HUMAN
PRIMATES

Comparisons between labor in other primates and humans
throughout the years have revealed three basic differences or
paradigms:

¢ The mechanism of birth is always different, with the human
infant’s head and shoulders undergoing a series of rotational,
bending, and deflection movements during labor.

e The human infant is born through the pelvis, usually in the
anterior occipito-frontal position (facing the mother).

¢ In non-human primates, childbirth is usually a solitary event

[20].

This knowledge has been recently challenged through studies that
proved that animals have in fact similar birth dynamics as humans.
Firstly, the hypothesis of the foetus’s head and shoulders negotiation
for passage through the pelvis has been successfully defied [25,26].
Although in many cases (most of the childbirths observed so far) the
foetuses of non-human primates do not appear undergoing a series
of rotational, bending, and deflection movements during labor, in
some cases this happens, showing that the difference is quantitative
and not qualitative. It is likely that observation of more births in
captivity and in the wild will enable us to understand that many
other species besides humans must rotate in the pelvis [27].

Moreover, it has been demonstrated that birth in the anterior
occipitofoetal position is not a unique human prerogative [26].
It was previously thought that, with the baby facing down, it was
harder for the mother to hold the infant during childbirth, and
this was supposedly the reason why women seek assistance from
an external person, to grab and help the baby out when they
couldn’t reach their child themselves. However, the fact that other
species assume similar foetal positions suggests that it may not be
a prerequisite for birth assistance. Furthermore, human childbirth
often occurs in forward-facing rotation [28].

These two paradigms just described have been strongly questioned,
even by their own authors due to a growing body of evidence
demonstrating that the differences between human and other
primate births are quantitative rather than qualitative in nature

[29].

Regarding the third paradigm, it is unimportant in this context
whether labor is manifested to other homo- or heterospecific
individuals. The general rule is that primates give birth where and
when members of the same group or predators are less likely to
be present. Laboring females generally isolate themselves, often
in trees, to seek protection from terrestrial predators [30,31]. In
humans, instead, birth today almost always involves other people
(Figure 1). Unlike non-human primates, which seek solitude at
the time of childbirth, human mothers actively seek assistance
at birth. Human birth generally occurs in a social context, with
help from other people [32,33]. All women, in almost all societies,
seek assistance in childbirth from relatives, midwives or doctors.
Trevathan call this “behavioural characteristic of seeking assistance

at birth” [32].

However, even this distinction no longer appears to be significant,
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and, more importantly, it is not unique, as there are exceptions to
this rule, for example in the Kung population, a hunter tribe from
southern Africa, where women give birth alone in about half of the

cases [34].

Exception also the other way around were recorded, as in the wild
white-headed langur ( Trachypithecus leucocephalus ) species, during
a birth where a multiparous nonparturient female intervened in
the delivery of an infant of another female by pulling it out of the
pelvis and then holding and nursing it [35]. The example reported
by Pan Y. et al is not the only one in literature [36]. In another
case a non-parturient female black-and-white snub-nosed monkey
( Rhinopithecus bieti ) assisted the delivery of another female. In a
birth reported in wild capped langurs ( Trachypithecus pileatus ), the
females of the group were seen to gather around the parturient and
groom her during labor [37]. Again, the differences are quantitative
and not qualitative: for humans’ childbirth is generally a social
event.

At some point in human evolution, the advantages of childbirth
care outweighed the disadvantages of close contact with other
people such as stress caused by their presence during childbirth and
infections, as the large blood loss that can occur during childbirth
facilitates microorganisms’ transmission through the genital
vascular system [38,39].

“Obligate midwifery” then emerged as one of the most distinctive
characteristics of the human species [40,41].

This is why a woman who gives birth alone arouses interest [42].
So, although there may be rare exceptions, childbirth assistance is a
phenomenon that has become almost universal in our species. The
high mortality rates due to mechanical difficulties in childbirth
contributed to this outcome; today, even in places where obstetric
care is not widely available, obstructed labor is the leading cause of
maternal death and morbidity [22,23]. One of the most important
problems in modern obstetrics is that most births in the world take
place without skilled assistance [43].

In some states the case fatality rate for obstructed labor is 1.2%

(43,44].

All of this has resulted in the first forms of obstetric assistance,
though it is likely that assistance, which means getting hands on
childbirth, has contributed to a rise in infections, even fatal ones

(391.

Consider that in the first half of the 19th century in Vienna,
Budapest, and Dublin, the percentage of maternal deaths (many of
which were caused by puerperal sepsis) ranged from 0.39% to 10%
[45]. The benefit of skilled assistance and companionship during
childbirth, on the other hand, is still recognized as one of the few
certain factors that contribute to the success of a normal labor and

delivery [46,47].

Although, as previously stated, this behaviour is not unique to
human obstetrical challenges and the specific pattern of foetal
emergence in humans may not be the origin of midwifery [26].
The origin and function of birth care must be reconsidered in the
context of biological and social evolution [48].

EVOLUTION OF HUMAN
OBSTETRIC CARE

LANGUAGE AND

The increase in cognitive abilities brought about by the
telencephalon’s expansion led to the development of refined forms
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of interhuman communication, most notably language, which
appears to be a necessary condition for the emergence of obstetrical
care; at some point, people eventually started seeking assistance in
order to avoid death during child birth. Biological evolution took
on the forms of cultural evolution. The cultural development that
has resulted in our current social behaviour took place, for the most
part, within the last hundred thousand years, most likely because
the small population that gave rise to all humans living today had
achieved today’s ability to communicate around that time [49].

According to Falk, it all began when the hominins started to walk
upright, freeing their limbs to pick berries and fruit, and then
hunting [50]. The female pelvis became narrower, and childbirth
became more difficult. Human infants lost their ability to cling to
a mother’s chest and hair, who needed to use her arms to forage
for food. As a result, the little ones were placed on the ground
with increasing frequency, and Falk believes that this created a need
to maintain constant vocal and emotional contact through verses
and sound emissions. From these vocalizations the “motherese”
developed, and from it a proto language that gave rise to an
increasingly sophisticated and rich form of communication. Even
in the case of language as a form of communication, the differences
are quantitative and not qualitative, as many other living beings use
different forms of communication and the skills that enable speech
appear early on the evolutionary ladder [51]. Certainly, sudden, or
progressive physical changes have occurred in various stages and
times of human evolution, such as the one described by Nishimura
et al., that provides clear evidence that loss of vocal fold membranes,
universal in nonhuman primates, resulted in a stable vocal source
in humans, which had critical role in speech evolution [52].

In Falk’s hypothesis, at the basis of language and speech there are
not cries of alarm and warning of danger, but the affective bond
that, from an evolutionary perspective, places the female figure
at the centre of a fundamental phenomenon for our species: The
development of human language, which over time has led to the
emergence of, among other things, midwifery care [50,53,54].

THE CONCEPT OF EVOLUTIONARY MISMATCH

Evolutionary mismatch, or evolutionary trap, is a concept in
evolutionary biology that refers to evolved traits that were once
advantageous but became maladaptive due to changes in the
environment (Figure 2) [55].

environment changes again

original environment or organism evolves or
environment changes organism declines/goes extinct
N
rd
- < - od time
trait is neutral trait is
or advantageous mismatched

Figure 2: Timeline showing a period of mismatch following an
environmental change.

A developmental mismatch occurs when the phenotype induced
during development encounters a different environment post-
development [56]. Mismatch is an integral part of evolution in
changing environments and is becoming increasingly common
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for all species living in human-altered environments. There are
numerous examples of mismatches in the literature [57]. Most
species have evolved as niche constructors creating a constant
environment through their activities and behaviors, all leading to a
situation of equilibrium [58]. Modern humans, on the other hand,
constantly change their environment, rather than creating balance,
they live in the constant instability that they themselves produce.
In other words, humans, thanks to their cognitive and advanced
learning abilities and manual dexterity, continuously change the
environment in which they live, thus facilitating cultural evolution.
This change is accelerated through the exponential increase in the
advancement of technologies, exposing contemporary humans
to entirely new environments in the context of our evolutionary
history [59]. This dynamic has been beneficial for a long time, as
long as our species lived in a hostile environment, almost totally
lacking of technological capabilities, but it becomes adverse today,
since our technological potential allows us to extinguish the world,
through global warming, pollution, plastics or nuclear war [60-67].

In case of diagnosis of labor, mismatches have occurred primarily
due to cultural human evolution, and not only genetic evolution.

The modern human environment where childbirth takes place
is radically different from the environments we experienced as
hunter-gatherers only a few hundred years ago.

In a hostile world, characterized by childbirth in solitude, hiding the
signs and symptoms of labor was vital to survive together with the
foetus, vice versa in the current environmental context, characterized
by childbirth as a social phenomenon, that occurs mostly with
assistance (specialized or non-specialized) of other human beings,
these evolutionary traits (hiding the signs and symptoms of labor)
are highly disadvantageous, since they do not allow a prompt and
simple diagnosis, and therefore the implementation of a series of
care attitudes that can help the woman in labor.

DISCUSSION

At some point in human evolution, the advantages of birth care
outweighed the disadvantages, such as infections or stress resulting
from close contact with other people, at a time when infections
are easy to pass on, because of the risk of microorganisms entry
by ascending route and of the great blood loss that can occur at
birth, thus one of the most typical characteristics of the human
species has emerged: “obligate midwifery” [33]. Human childbirth
can rightly be considered a social event. Although there may be rare
exceptions, childbirth assistance is a phenomenon that has become
universal in our species. When did this radical change begin? It
is a question to this day unanswered, but omics sciences can help
explain what happened so far back in time. Moreover, even from
a strictly practical point of view, they will be able to fulfill what is
called The Bio Revolution, namely: “a confluence of advances in
biological sciences, decades in the making, with the accelerating
development of computing, automation, and artificial intelligence,
is fueling a new wave of innovation that could have significant
impact on economies and societies, from health and agriculture to
consumer goods and energy” [68].

Evolutionary mismatch is a situation that can only be addressed
by behavioural adaptation, subsequent evolution, or other
environmental change, and, in our case, appropriate use of
metabolomic technologies. As we have seen in this review, the
differences between humans and primates depend on the point of
view and the quantitative over qualitative analysis that we pursue.
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The diagnosis of labor is clinically very difficult, without the aid of
metabolomics tools, as clearly demonstrated by the work of Ball,
Jean A. and Marie Washbrook which reported that up to 30%
of women admitted to labor wards in the United Kingdom were
subsequently found not to be in labor [69].

Ina A. Stelzer et al. conducted an interesting longitudinal study
in 63 women who went into labor spontaneously [70]. More than
7000 plasma analyzes, and peripheral immune cell responses
were analyzed using untargeted mass spectrometry, aptamer-based
proteomic technology, and single-cell mass cytometry in serial blood
samples collected during the last 100 days of pregnancy. The dataset
was integrated into a multiomic model that predicted the time to
spontaneous labor. The authors demonstrated that as the onset
of labor approaches, a surge in steroid hormone metabolites and
interleukin-1 receptor type 4 occurs, and this coincided with a switch
from immune activation to regulation of inflammatory responses.
Studies like this are very interesting, however predicting when labor
will start, while useful, is very different from diagnosing labor when
it has already started. Furthermore, the cost of integrated methods
such as the one described is much higher than the possibility of
using a simple urine stick derived from metabolomic analyses.

OPEN aACCESS Freely available online

There is a great deal of literature demonstrating that the passage
of the immune phenotype of the fetus-placental unit from
predominantly tolerogenic to proinflammatory determines
the onset of labor. At a certain moment of gestation, a cascade
of events begins, characterized by the recruitment of maternal
and fetal proinflammatory factors, immune cells of the uterine
myometrium, the maternal cervix and the fetal chorioamniotic
membranes. Although not all the mechanisms that determine the
shift are well known, it is probable that the activation mechanism is
determined by a placental clock [71].

Metabolomics today is recognized as a powerful approach in a
prenatal research context, since it can provide detailed information
on women in and out of labor. In an observational, longitudinal,
prospective cohort study of a total of 51 serial urine samples
from 15 healthy pregnant women, we described the top 20 most
discriminative metabolites contributing to the complete separation
[72]. Urinary
metabolites displaying the largest differences between laboring and

between laboring and non-aboring women

non- laboring women belonged to steroid hormone, particularly
conjugated estrogens, and amino acids, and much of this difference
is determined by the fetal contribution (Table 3).

Table 3: Estrogen and Amino acid amounts extracted from the urine in laboring (active phase) and non-laboring women (out of labor). The table
refers to the relative concentration of the metabolites, calculated as a percentage of the total hormones and amino acids, by comparing the intensity of

deconvolution of each amino acid and hormones [72].

Estrogens Molecular weight Detection mode  Out of labor Active phase Retention time %
3 hydroxy2-methyl-1H-quinolin-one 175.05 Positive 9300 95,000 7:00 3% 1
19 chloro19-Chloro3betarhydroxyandrost3- y¢5 1595 Positive 20000 39,000 5:0035 95% 1
en-17-one=dehydroepiandrosterone
Androst5-ene-3beta, [7betar 290.1736 Positive 28,000 22,000 7:50 2% |
diol=androsterone
Androsterone 290.1736 Positive 28,000 22,000 7:50 21% |
Dehydroepiandrosterone sulfate 369.0992 Positive 39,000 31,00 5:05 92% |
Dehydroepiandrosterone 288.1873 Positive 27,000 26,000 7:30 3% |
Pregnanediol 321.2145 Positive 8000 6000 25% |
3’Hydrox‘/’l’meth‘/i;f$‘:'3’5(10)’6’tetmn’ 283.1551 Negative 30,000 11,000 5:50 63% 1
Tetrahydrocortisone 365.1592 Positive 140,000 16,000 6:30 88% |
Estrone 3 sulfate 351.1085 Positive 13,800 13,000 11:00 >100% 1
Estrone gluconoride 447.1790 Positive 79,000 10,000 12:30 87% |
Estradiol 17 beta 3 gluconoride 449.1945 Positive 14,000 20,000 12:00 42% 1
Glucogenic amino acid Molecular weight Detection mode  Out of labor Active phase Retention time %
Ser 105.09 Negative 3400 1400 12:02 59% |
Val 117.15 Positive 43,000 66,000 6:00 35% 1t
His 155.15 Negative 72,000 94,000 13:04 23% 1
Arg 174.20 Negative 1542 1742 14:00 11% 1
Cys 121.16 Negative 1249 2383 15:50 471% 1
Ala 89.09 Positive 3400 1600 20:02 471% |
Glu 147.13 Negative 1800 12,000 4:02 85% 1
Gln 146.14 Positive 61,000 82,000 21:00 25% 1
Ketogenic amino acid Molecular weight Detection mode  Out of labor Active phase Retention time %

Clinics Mother Child Health, Vol.20 Iss.S18 No:1000002
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Leu 131.17 Positive 16,000 26,000 3:50 38% 1
Lys 146.19 Negative 3900 9700 19:00 60% 1
Glucogenic and Ketonic Molecular weight Detection mode  Out of labor Active phase Retention time %
Ile 131.17 Positive 16,000 26,000 12:00 38% 1
Thr 119.12 Positive 5600 6800 18:00 18% 1
Phe 165.19 Positive 180,000 160,000 17:00 11% |
Tyr 181.19 Positive 170,000 150,000 5:00 12% |
CONCLUSION 9. Hanley GE, Munro S, Greyson D, Gross MM, Hundley V, Spiby H, et

We must therefore use the technologies that we dispose of to
accommodate the cultural changes that have had an impact on
labor, since women’s bodies are still biologically wired, as other
species in nature, to hid important clinical clues about their
laboring status to external individuals. A device, such as a simple
urine stick, should be developed to assess the biomolecules that
result in 100% clear separation of the two populations of women
in labor and out of labor. A simple POC test such as this would
allow for better, less traumatic and more effective management of
human labor, and an actual cultural adaptation to the evolutionary
mismatch. We think that metabolomics could and should be more
used to study labor and its history.
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