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Abstract
Background: Worldwide approximately 2.6 million are stillborn, mostly occurring in developing countries.
In the great part these deaths are inexplicable. The evenness and standardisation of the diagnostic
criteria are prerequisites to understand their pathogenesis. The core goal of this article is to propose new
evidence based investigative post-mortem guidelines that should be adopted in all the Institutions
especially when a fetal death, after a routine autopsy procedure, is diagnosed as “unexplained”. The
proposed protocol is mainly focused on the anatomopathological examination of the autonomic nervous
system and in particular of the brainstem where the main centers that control vital functions are located.

Methods: Updated investigative guidelines for the examination of unexplained stillbirths, prevalently
focused on the histological examination of the brainstem, where the main centers that are involved in
monitoring the vital functions are located, are here presented. A section of this protocol concerns the
Immunohistochemical evaluation of speci�c functional markers such as the neuronal nuclear antigen,
nicotinic acetylcholine receptors, serotonin, orexin, apoptosis and gliosis. The important role of risk
factors, having regard in particular to maternal smoking and air pollution is also contemplated in these
guidelines.

Results: Speci�c morphological and/or functional alterations of vital brainstem structures have been
found with high incidence in over 100 cases of unexplained fetal death sent to the “Lino Rossi Research
Center” of the Milan University according to the Italian law. These alterations were rarely detected in a
group of control cases.

Conclusions: We hope this protocol can be adopted in all the Institutions notably for the examination of
unexplained fetal deaths, in order to make uniform investigations. This will lead to identify a plausible
explanation of the pathogenetic mechanism behind the unexplained fetal deaths and to design
preventive strategies to decrease the incidence of these very distressing events for both parents and
clinicians.

Background
Fetal deaths, particularly at or near term, are the most common adverse pregnancy outcomes and the
leading contributor to perinatal mortality. In 2015 there were 2.6 million stillbirths globally, with more than
7178 deaths a day. The majority of these deaths occurred in developing countries. The World Health
Organization (WHO) describes a rate in sub-Saharan Africa approximately 10 times that of developed
countries (29 vs. 3 per 1000 births). Other sources are providing similar epidemiology with a rate of about
5 per 1000 in developed countries [1–3].

Obviously, parents want to know why their baby died in the womb and the chance of recurrence in future
pregnancies. Therefore, the detection of the pathogenetic mechanism leading to stillbirth is very
important, not just to give an answer to parents, but also to introduce preventive measures in order to
lower the perinatal mortality.
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An important �rst step in case of stillbirth consists in performing an accurate autopsy, comprehensive of
placenta and umbilical cord examination [4,5]. A thorough obstetric and maternal history should also be
taken, including exposures to risk factors.

In many cases a cause of death, attributable to fetal, maternal, or placental pathology, is clearly identi�ed.
However, after a careful investigation, one-half to two-thirds of stillbirths are still listed as death due to
undeterminable reasons. From the examination of international literature, defects in the development of
the autonomic nervous system (ANS) appear increasingly involved in the pathogenesis of sudden and
unexplained intrauterine deaths. These deaths, called “unexplained stillbirths” [6,7], should be considered
as a syndrome and referred with the acronym “SIUDS”, i.e., “Sudden Intrauterine Unexplained Death
Syndrome”, like to “SIDS” (Sudden Infant Death Syndrome) [8]. This suggested de�nition is based on the
realization that several conditions, simultaneously occurring, may contribute to stillbirth and that
unexplained stillbirths and SIDS share common brain abnormalities, associated with the same risk
factors. So, �rst of all, to try to understand the pathogenesis of SIUDS, it is essential that the diagnostic
criteria used by investigators are standardized and provide for the inclusion of the ANS examination.
Above all, the deep anatomopathological study of the brainstem could highlight the presence of
developmental alterations of speci�c nuclei that control the vital functions. This would allow to identify a
common denominator in SIUDS cases, so providing a plausible explanation of the pathogenetic death
mechanism. However, at this moment, the lack of uniform post-mortem protocols for evaluating stillbirths
has hindered signi�cant studies in this �eld.

The core goal of this article is to propose innovative evidence based investigative post-mortem guidelines
that include, in particular, the in-depth examination of the autonomic nervous system (ANS) that has been
developed by the “Lino Rossi- Research Center for the Study and Prevention of the Sudden Perinatal
Death and SIDS” of the Milan University, in Italy, according to the directives of the Italian law 31/2006
“Regulations of diagnostic post mortem investigation in the victims of SIDS and unexpected fetal death”
[9]. The neuropathological examination of nerve centers controlling vital functions, mostly sited in the
brainstem, is a fundamental part of this protocol that, to the best of our knowledge, is the �rst drafted for
this purpose. The role of exogenous risk factors in the genesis of neuronal damages is also considered.

Methods

CHECKLIST OF NEUROPATHOLOGICAL PROCEDURES FOR THE
EXAMINATION OF THE BRAINSTEM IN SIUDS

Histopathological protocol

A scheme of the methodology for the brainstem examination is represented in Figure 1. At the right, the
sampling of four specimens is shown. The �rst specimen includes the upper portion of the pons until the
caudal mesencephalon. The second is focused essentially on the caudal pons. A third sample is taken



Page 4/21

from the medulla oblongata in correspondence of the obex. A fourth specimen extends from the caudal
medulla to the rostral spinal cord.

Technical details

All the samples are transversely cut every 60 micron. Serial histological sections, 5 microns in thickness,
are carried out at each level. Two of these sections are at �rst stained by hematoxylin-eosin and Klüver-
Barrera and examined by using a light microscope with a system of objective lenses to progressively
magnify the images. Figure 1, at the left, shows the representative histological sections obtained from the
above-described specimens, indicating the main nuclei and structures to be examined, given their
frequent involvement in SIUDS in terms of delayed development (hypoplasia/agenesis). These nerve
centers are more easily recognizable in histological sections stained with the Klüver-Barrera method. The
Cresyl Violet technique can be used additionally to highlight the nuclear tigroid substance (Nissl bodies).
The Gless-Marsland, consisting in a silver impregnation, can be applied to stain axons and dendrites.
Essentially, the centers represented in Figure 1, at the left, are: hypoglossus, dorsal motor vagus, tractus
solitarii, ambiguus, inferior olivary, pre-Bötzinger, arcuate, obscurus raphé nucleus in the medulla
oblongata; locus coeruleus, facial/parafacial complex, retrotrapezoid and Kölliker-Fuse nuclei in the pons;
substantia nigra, and red nucleus in the mesencephalon. In the spinal cord the intermediolateral nucleus
is of great interest. The histological examination must be focused especially on the Kölliker-Fuse nucleus,
the facial/parafacial complex the pre-Bötzinger nucleus and the intermediolateral nucleus since these
nerve structures are binded to each other through multiple synapses between their neurons in order to
form a network which, through excitatory and/or inhibitory stimulations in relation to the need, is able to
control breathing both before and after birth. This network is just called “respiratory network” (RN).
Despite being so important, these four centers have a short extension and are completely included in the
sampling carried out (Figure 2). Figures 3 to 6 show the cytoarchitecture of these structures in
histological sections and the level from which they were taken.

The RN must always be examined in fetuses, even if breathing is not a vital condition in utero. After all,
one of its components, the intermediolateral nucleus, is recognized as the primary center used to mediate
the occasional respiratory movements aimed to promote the fetal lung development. However, it is not
easy to justify a fetal death associated to developmental alterations of the RN. Nevertheless, we can
hypothesize that a veri�cation of essential centers for extrauterine life occurs at the �nal phase of
pregnancy. Whenever one of these centers, especially if involved in respiration control, is not well
developed and therefore not fully functional, the fetus, without a seemingly understandable reason,
eliminates itself in order to avoid, especially to parents, a much more tragic of a newborn death [10].

Further structures to be analyzed are the chemoreceptorial ones as they participate in the physiological
control of respiration. The chemoreceptorial centers are able to detect the concentrations of gas and
hydrogen in the interstitial �uid and to send information to the RN centers which consequently modulate
their activity to maintain these parameters within normal values [11].

Among the numerous chemoreceptorial structures we point out the raphé system, a series of nuclei
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located in the midline of the brainstem. They have been gathered in two groups: 1) the “rostral
serotonergic raphé group”, con�ned to the mesencephalon and rostral pons (including the caudal linear
raphé nucleus, the dorsal raphé nucleus, the median raphé nucleus) and 2) the “caudal serotonergic
raphé group”, extending from the caudal pons to the caudal portion of the medulla oblongata (including
the raphé magnus nucleus, the raphé obscurus nucleus and the raphé pallidus nucleus). Figure 7 shows
the location of these nuclei in histological sections taken from the brainstem samples. The raphé system
neurons produce serotonin, a neurotransmitter involved in numerous functions and especially in the
control of respiration.

Immunohistochemical protocol

Further sections obtained from the specimens are treated, according to the needs, with speci�c
immunohistochemical techniques in order to evaluate functional markers whose expression is frequently
altered in fetal deaths. Among these biological indicators are worthy of mention: the neuronal nuclear
antigen, the nicotinic acetylcholine receptors, the serotonin, the orexin, the apoptosis and gliosis.

Neuronal nuclear antigen (NeuN)

This antigen shows normally a strong nuclear expression in post-mitotic healthy neurons even in prenatal
life (Figure 8A). A decreased immunopositivity of this antigen can be found in fetal brain as consequence
of severe injuries, such as hypoxia, and can be indicative of neuronal degeneration in SIUDS [12].

Nicotinic acetylcholine receptors (nAChRs)

The neuronal nicotinic acetylcholine receptors (nAChRs), a group of receptors which resulted from
combination of different subunits, serve to mediate, through synaptic mechanisms, the transport of
acetylcholine (ACh), the major cholinergic neurotransmitter which has a fundamental trophic role during
brain development. These receptors show a cytoplasmic immunopositivity (Figure 8B). The nAChRs can
be activated not only by the ACh, but also by nicotine, (hence the name “nicotinic”). In case of a smoking
mother in pregnancy, nicotine, once it has passed the blood-brain barrier of the fetal brain, can mimic the
effect of Ach, since its active form is very close to Ach, and incorrectly promote the cholinergic activity of
the nAChRs, so leading to neuronal damages [13–15].

Serotonin (5-HT)

Serotonin (5-hydroxytryptamine) is a fundamental neurotransmitter mainly involved in the developmental
process of neural vital circuits. It is synthesized, as previously reported, by the neurons of the raphé
system (Figure 8C) [16,17].

Orexin

Numerous studies to date have been focused on the important role of the orexin, a neuropeptide
synthesized by neurons of the lateral hypothalamus, in the regulation of the sleep-wake state in infants



Page 6/21

and in its implications in SIDS pathogenesis, which, as well known, occurs in most cases at awakening
from sleep [18]. Its immunopositivity is prevalently expressed in neuronal processes(Figure 8D). Since the
orexin system develops during the third trimester of pregnancy, with widespread connections from
hypothalamic neurons to various neurotransmitter circuits, this neuropeptide could have additional
important regulatory roles in the perinatal period. Then, it is advisable to perform also the
immunohistochemical detection of orexin in intrauterine deaths.

Apoptosis and gliosis

The application of immunohistochemical techniques for the study of apoptosis (TUNEL method) and
glial �brillary acid protein (GFAP) can be very useful to obtain information about the presence of brain
cell death over the physiological levels, and of reactive gliosis, a process indicative of neuronal
degeneration in SIUDS (Figure 8 E and F) [19,20].

B) TOXICOLOGICAL PROTOCOL

For understanding the SIUDS pathogenesis it is very important to collect information particularly related
to risk factors such as maternal smoking, maternal alcohol and drug abuse and air pollution in the area
where the mother lives. So, for each case of unexplained intrauterine death, all available information
about pregnancy and fetal development, besides information related to the potential risk factors must be
collected and categorised during post-mortem family interviews.

-Main risk factors for unexplained fetal death

Nicotine

Exposure to maternal tobacco smoke during pregnancy is associated with intrauterine growth retardation,
abruptio placentae, low birth weight and a signi�cantly higher risk of perinatal mortality [21,22]. Mothers
of stillbirths must be asked to report on their smoking habit before and during pregnancy. In addition, the
removal of a lock of victims’ hair during the autopsy is needed to perform the toxicological search for the
cotinine, the main metabolite of nicotine characterized by a long half-life. This test is aimed especially at
verifying the negative assertions of the mothers. It is well known in fact that the retrospective assessment
of maternal smoking, if performed after the fatal event, is sometimes unreliable because of feelings of
guilt [23,24]. In case of a smoker’s mother during pregnancy, nicotine and carbon monoxide (CO), its main
combustion product, pass through the placenta into the fetal circulation where they can reach
concentrations even 4 times higher than those present in maternal blood, due to the poor metabolic
capacity of the fetal liver. The consequences can be multiple in the fetus. First of all, the
carboxyhemoglobin, resulted by the binding of CO with hemoglobin, inhibits the release of oxygen into
fetal tissues, so causing hypoxia especially in the most susceptible organs, including the brain. In
addition, nicotine, being one of the few fat-soluble substances able to easily pass the blood-brain barrier
by passive diffusion, giving its high a�nity for nicotinic (acetylcholine) receptors as previously indicated,
promptly binds to them, thus preventing the regular transmission of acetylcholine. It can also directly
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interfere with the expression of genes involved in the development of the nervous system, also inducing
molecular alterations in DNA, RNA, and antigenic proteins of the neurons [25–27].

Pesticides

The involvement of persistent pollutants such as pesticides and insecticides, a category of harmful
agents belonging to the “endocrine disrupting compounds” (i.e. exogenous substances able to alter the
functions of the endocrine system and, consequently, to affect the whole organism) has been highlighted
in SIUDS [28–30]. Traces of highly toxic chemicals, as organochlorine and organophosphate pesticides
(α and γ-chlordane, chlorfenvinfos, chlorpyrifos, p,p-DDT, p,p-DDE, endrin, α- and β-endosulfans) have
been directly detected in brain samples of fetuses died in agricultural areas where they are used. These
�ndings testify the possibility that such toxicants, like nicotine, easily pass the placental barrier into the
fetus and then, through the blood brain barrier, into the fetal brain, so interfering with normal ANS
development.

GENETIC ANALYSES

Genetic investigations are an important component of fetal autopsies, not only in cases of congenital
malformations, but also in case of unexplained intrauterine death. The use of the Polymerase Chain
Reaction (PCR) is recommended in order to identify genes involved in neuronal dysgeneses. In particular,
the serotonin transporter gene (5-HTT),, the regulator of the synaptic serotonin concentration, the
PHOX2B gene, a transcriptional factor involved in Congenital Central Hypoventilation Syndrome (CCHS)
and the mitochondrial DNA (mtDNA),, an important indicator of the cellular metabolisms, should be
evaluated in SIUDS as they can offer important information on the pathogenetic mechanism of sudden
death [17,31].

Results
The aforementioned guidelines have been already applied to a wide case series of SIUDS, sent to the
“Lino Rossi Research Center” of the Milan University, according to the Italian law 31/2006 [9].

Study population- A cohort of 104 SIUDS (43 females and 61 males, 26–40 gestational weeks) and a
group of 44 control cases (25 females and 19 males, 29–39 gestational weeks), consisting of intrauterine
deaths due to a precise cause, specially collected and examined for comparison purposes, have been
included in this study. Many of these cases have been the subject of our previous publications.

The �ndings, presented here, summarize all those obtained in numerous studies conducted over many
years of research and which are the subject of 107 articles published in professional and peer-reviewed
journals (19 of which are mentioned here in the References). The application of our neuropathological
protocol allowed to identify in SIUDS high frequencies of speci�c developmental alterations prevalently
of components of the RN. These defects were, on the contrary, rarely present in controls. Table 1 shows
the incidence and the distribution of these alterations.
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Below, we indicate brie�y the most frequent alterations we have highlighted in SIUDS.

Neuropathologic �ndings in SIUDS

Morphological alterations

We observed hypodevelopments (hypoplasia/agenesis/delayed neuronal maturation) of different
nervous centers, mainly components of the RN, and precisely:

hypoplasia, with a few immature neurons, or agenesis of the Kölliker-Fuse nucleus in the rostral pons
[32,33];

hypoplasia of the facial/parafacial complex, with decreased neuronal density and cell body size in
the caudal pons [34];

hypoplasia of the pre-Bötzinger nucleus, with decreased cell and/or dendritic number in the medulla
oblongata [35];

various hypodevelopment degrees of the intermediolateral nucleus (neuronal immaturity in a normal
structure/hypoplasia/agenesis) in the spinal cord [36].

hypoplasia/agenesis of the raphe nuclei, especially of the raphe obscurus nucleus in the medulla
oblongata.

Furthermore, hypodevelopment of other brainstem nuclei (hypoplasia of hypoglossal, dorsal vagal,
tractus solitarii, inferior olivary nuclei) was occasionally observed.

Functional alterations

Using speci�c immmunohistochemical methods we highlighted:

total loss of immunoreactivity or decreased neuronal expression of NeuN antigen in the great part of
the brainstem centers [37];

decreased serotonin immunoexpression in the neuronal cell bodies and �bers of the raphé nuclei
[17];

altered expression of nAChRs in brainstem nuclei and/or neuronal complexes with both normal and
delayed maturation [38];

decreased presence of Ox- immunoreactive �bers especially around the Kölliker-Fuse neurons [39];

unusual widespread apoptosis and high number of reactive astrocytes [40,41].

Frequently, two or more morphological and/or functional alterations were simultaneously present in the
same case.

Interesting is the close correlation that has been detected between hypoplasia of one or more nuclei of
the raphé system, decreased serotonin expression and 5-HTT polymorphisms (L/L and/or L/S genotypes)
[17].
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The evaluation of the risk factors has highlighted a very signi�cant correlation between
neuropathological �ndings and maternal smoking in pregnancy [40,42–44].

Discussion
In case of intrauterine death, an accurate postmortem examination can reveal important information and
�ndings that can highlight the possible causes of this inauspicious event. However, in the last decades,
fetal autopsy rates have fallen to around 40–50%, despite the worldwide awareness of the need for
adequate investigations above all in sudden unexplained fetal deaths. Furthermore, evidence supports
that fetal autopsiesmust be performed by experienced perinatal pathologists, but the majority of
hospitals do not have access to these specialists. In addition, the identi�cation of speci�c causes of
unexpected intrauterine deaths is hindered by the absence of a uniform investigative protocol.

In unexplained stillbirths, it is very important to perform a deep examination of the ANS as it can highlight
subtle developmental alterations able to provide a plausible explanation for the death.

In 2011, the Stillbirth Collaborative Research Network in the United States has drawn up a detailed
neuropathologic examination protocol speci�cally dedicated to determine lesions of the ANS and with the
aim to highlight the cause of unexplained stillbirths [45]. This protocol however analyzes general
parameters, such as brain weight related to gestational age, gyri and sulci structure in cerebral cortex,
dendritic and axonal growth and onset and timing of myelination. No reference is made to developmental
alterations of brain centers that coordinate the vital activities.

Here we propose a guideline model that is suitable for universal adoption. This is mainly designed to in-
depth analyze the nerve centers located in the brainstem that are involved in monitoring essential
functions and whose frequent alterations are very important in understanding the pathogenesis of
intrauterine deaths. Our protocol is the result of many years of study performed at the “Lino Rossi”
Research Center of the Milan University, which is the referral Center for the application of the Italian Law
31/2006 [9]. This law imposes in particular that all fetuses that die after 25th week of gestation without
any apparent cause must be rapidly submitted to in-depth diagnostic post mortem investigation,
following a tested diagnostic methodology.

The importance and value of these guidelines has been validated by many studies carried out by our Unit
on over hundred cases of SIUDS, especially occurred in the last weeks of gestation, allowing to identify
developmental morphological and/or functional alterations of vital nervous centers, mostly components
of the RN. Impairment of respiratory centers have been frequently demonstrated in SIDS, often related to
maternal cigarette smoking absorption during pregnancy, thus demonstrating a particular sensitivity of
these structures to risk factors. While it is known that defective breathing control is the primary cause of
sudden infant death, the question arises whether developmental alterations of respiratory centers can
cause death during intrauterine life, when breathing is not yet a vital condition. We are unable to provide
an answer, nevertheless we have formulated a hypothesis based on the observation that these alterations
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are mainly detected in fetuses that died at the end of pregnancy. Precisely, we suppose that approaching
the birth, nature provides to check all the nervous structures that are essential for extrauterine life. When
these are not fully developed and cannot therefore guarantee survival after birth, nature itself, in order to
prevent such a nefarious event as the death of a newborn baby, decrees the fetal death.

Very interesting was the presence observed in almost half of SIUDS cases of polymorphisms of the 5-
HTT gene, a gene normally involved in the synthesis, storage, membrane uptake, and metabolism of
serotonin, associated with both morphological and functional defects of the raphé nuclei. The presence
of a Long (L) allele (L/L and/or L/S genotypes) results in serotonin network dysfunction, and
consequently in a failure of autonomic and respiratory responses. The association of 5-HTT
polymorphism with SIDS has been widely documented in literature [46,47]. The observation of 5-HTT
polymorphisms in SIUDS could be relevant to propose targeted genetic tests to parents to alert them to a
possible recurrence of a fetal death, where appropriate.

We believe that the examination of the central nervous system following our protocol, that includes
histological, immunohistochemical, genetic investigations and, in addition, the evaluation of speci�c risk
factors and their correlation with the neuropathological �ndings, should become a specialized
component of the fetal autopsy above all when a clear cause of death is not found at routine
examination.

We have also provided a data bank for collecting and storing all the information obtained from the
application of our protocol, according to the highest standards of safety policies. The collected data will
become available to all the interested persons to carry out studies and statistical researches that could
provide the basis for appropriate prevention rules to reduce the SIUDS incidence.

Our guidelines will be presented at seminars and scienti�c conferences hoping that they can be
implemented and disseminated.

Conclusions
In case of unexplained fetal death, only the analysis of the multiple parameters and above all the
application of the neuropathological protocol here presented, can allow to explain the possible
pathogenetic mechanisms leading to death and consequently to plan effective prevention strategies. We
propose to name our guidelines as “The Lino Rossi Protocol for investigating Causes of SIUDS”, with the
hope that it can be accepted and applied worldwide.

List Of Abbreviations
ANS: autonomic nervous system; mtDNA: mitochondrial DNA; NeuN: neuronal nuclear antigen; Ox: orexin;
PCR: polymerase chain reaction; RN: respiratory network; SIDS: sudden infant death syndrome; SIUDS:
sudden intrauterine unexplained death syndrome; 5HT: 5-hydroxytryptamine (serotonin).
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Table
TABLE 1- Overall neuropathological brainstem �ndings in 104 SIUDS and 44 controls
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ainstem structure

 
Alterations

 
 classi�cation                    speci�c

 
SIUDS
n (%)

 
CONTROLS

n (%)

Kölliker-Fuse
nucleus

 

Morphological
 

hypoplasia, agenesis 61(59%) 1(2%)

functional <NeuN expression
<Orexin expression

35(34%)
31(30%)

8(18%)
2(5%)

 
acial/ parafacial

complex
morphological hypoplasia, agenesis, neuronal

immaturity
73(70%) 3(7%)

functional <NeuN expression
< nAChRs

39(37%)
41(39%)

4(9%)
0(0%)

 
pre-Bötzinger

nucleus
morphological hypoplasia, agenesis, neuronal

immaturity, <dendritic number
44(42%) 0(0%)

functional < NeuN expression
< nAChRs

62(60%)
44(42%)

2(5%)
0(0%)

 
ntermediolateral

nucleus
morphological hypoplasia, agenesis

 
57(55%) 2(5%)

functional reactive gliosis
>apoptosis

45(43%)
34(33%)

0(0%)
4(9%)

 
raphé nuclei morphological hypoplasia, agenesis*

 
72(69%) 5(11%)

functional < serotonin expression*
< nAChRs
reactive gliosis

55(53%)
35(34%)
64(62%)

2 (5%)
0(0%)

5(11%)

*These alterations were signi�cantly related to 5-HTT polymorphism (L/S and L/L genotypes). This
association was detected overall in 45 SIUDS cases (43%).

Figures
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Figure 1

At the right, sampling of three specimens from the brainstem. The �rst specimen, ponto-mesencephalic,
includes the upper third of the pons and the adjacent portion of mesencephalon. The second extends
from the upper portion of the medulla oblongata to the adjacent caudal portion of the pons. The third
specimen extends 2-3 mm above and below the obex. A fourth sample is taken from the rostral tract of
spinal cord. At the left, the histological sections obtained from the specimens are represented, indicating
the main nuclei and structures to be examined.
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Figure 2

Localization and extension of the most important centers, components of the RN, in the brainstem
samples.
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Figure 3

Kölliker-Fuse nucleus (red circle). scpd: decussation of upper cerebellar peduncles; scp: superior cerebellal
peduncle; ml: medial lemniscus; 4°V: fourth ventricle. Staining of histological sections: Klüver-Barrera.

Figure 4

Facial/parafacial complex (red circle). fn: facial nerve; 4°V: fourth ventricle. Staining of histological
sections: Klüver-Barrera.
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Figure 5

pre-Bötzinger nucleus (red circle). ion: inferior olivary nucleus; 4°V: fourth ventricle. Staining of
histological sections: Klüver-Barrera.
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Figure 6

Intermediolateral nucleus (red circle). dh: dorsal horn; vh: ventral horn; cc: central canal; Staining of
histological sections: Klüver-Barrera.

Figure 7

Raphé nuclei and their subdivision into two groups (rostral and caudal groups).
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Figure 8

Immunohistochemical stains speci�c for different functional markers. Positive immunoexpression for:
(A) NeuN; (B) nAChR; (C) 5-HT; (D) Ox; (E): apoptosi; (F) gliosi.


