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Presence of Ganglia and Brown Fat in Human
Atrial Pericardium: Histology Characterization
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SUMMARY: Cardiac contraction is performed by contractile stimuli of the specific myocardium and by sympathetic and
parasympathetic regulation, whose nerve ganglia are located at the level of the mediastinum. This study analyzes ottmevayerve pa
organized in ganglion units in the human atrial pericardium and surrounding brown fat. Human samples from the right atriedh, obt
and authorized by the Faculty of Medicine of the Universidad de Chile, were fixed in 10 % formalin for 48 lppaise(Gions). For
histological analysis of the samples, routine hematoxylin and eosin and special techniques of toluidine blue, orcein,iesmhvan G
staining were used for the observation of Nissl bodies, elastic fibers, cytoplasm, collagen, and brown fat, respectively.
Immunohistochemistry techniques were used to recognize the presence of neurofilaments and S100 protein (DAB). The &igtological
immunocytochemical analysis revealed the presence of a ganglion composed of globose neurons that reacted positivegpitiotihe reco
of neurofilaments, distinctive elements of the cytoskeleton of neurons. The cells surrounding the neurons were showtivifoe posi
S100 protein. Additionally, subepicardial brown fat was observed. The study concludes by demonstrating and describimgéhaf prese
well-formed ganglia in the subepicardial connective tissue, with abundant brown fat. The presence of ganglia and brodn fat coul
explain some symptoms and pathologies of unknown origin, such as angina and sudden death.
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INTRODUCTION

The pericardium corresponds to a mesodermal Similarly, it is described that eventually, the
mesothelial derivation organized into a parietal mesotheliupericardial fat would form part of the cardiac skeleton to
and a visceral mesothelium or epicardium, forming thgupport the intrinsic innervation of the heart, describing the
pericardial cavity. However, the epicardium corresponds fgesence of epicardial ganglionic plexuses: 5 in the atrium
a simple, flat, mesothelial epithelium adherent to its lamirgnd 6 in the ventricles, although all related only to the
propria and chorion together with the adjacent myocardiurglgscription of nerve fibers directed towards the heart. These
although also separated from it by a variable connectivigurons could be responsible for the origin of angina pain
tissue with abundant multilocular or brownish fatty tissueind “angor pectoris” (Ballat al, 2018; Fedele & Brand,
Blaszkiewiczet al (2019) determined that brown and white2020; Gianninet al, 2024).
adipose tissues are essential for maintaining energy balance
and metabolic health; their composition is currently receiving The innervation of the heart is described based on
particular interest in studying the homeostasis of heagympathetic ganglionic systems and distribution in the
structure and function (Matloat al, 2016, 2018). At the mediastinum. This approach suggested the concept of
ventricular level, the pericardium consists predominantly gfanglionic plexuses (GP), which consists of grouping ganglia
adipocytes, immunocompetent cells, ganglia (reduced to omlydifferent sites (Pauzd al, 2002; Kuder & Nowak, 2015;
nerve fibers), and branches of nervous tissue. Aksuet al, 2021). Therefore, the presence of neuronal bodies
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organized in ganglion units in the human atrial pericardiuffior the recognition of intermediate filaments in the soma of
has not been morphologically demonstrated. Thus, this studgurons and S100 protein to recognize glia analogs in the
aims to histologically analyze the existence of other nengeripheral nervous system, with technical processes of labeling
pathways organized in ganglion units in the human atrialith diaminobenzidine (DAB) (primary antibody for

pericardium and the surrounding brown fat. neurofilament ab-1 2F11, ms-359-S1 neomarkers and primary
antibody for S100 Protein [4C4. 9] (M), from BIO Care
MATERIAL AND METHOD Medical), both techniques using Harris hematoxylin contrast.

Samples.Samples from the right atrium of a 67-year-oldlissue analysis. Observations were performed with an

male cadaver from voluntary body donors, obtaine®LYMPUS CX31 optical microscope using 4x, 10x, 40x

according to established protocols and in compliance wittnd 100x objectives. The microscope has a built-in digital

current regulations (Faculty of Medicine, Universidad deamera, the AmScope model MU1803, connected via USB

Chile, 2022), were fixed by immersion in a 10 % Formali3.0 to the computer (PC) with the AmScope 3.7 digital

fixative solution (from a 37 % stock solution) prepared imamera app. During the observations, the areas of the

phosphate buffered saline pH 7.2. epicardium (mesothelium and underlying connective and
contractile myocardium) were reviewed. The results were

Histological techniques.Following 48 hours of fixation, displayed by obtaining digital photographs of the relevant

the specimens were subjected to routine histolodindings.

procedures, with Hematoxylin and Eosin staining jm®

sections. Other sections were treated for 0.1 % toluidine bIRESULTS

staining to reveal the presence of Nissl granules in the

neuronal soma, orcein staining to recognize elastic fibers in The histological analysis of the human atrium at the

their distribution and thickness (intense pink to brown), anglibpericardium level shows the presence of well-constituted

Van Gieson staining to differentiate red collagens and yellowanglion-like nerve organizations, nerve fibers, and somas

brown cytoplasm of the different cell types present. of neurons positive for the presence of neurofilaments and
pericytes positive for S100 proteins, both by

Immunocytochemistry techniques.Additionally, the immunohistochemistry techniques with specific antibodies

samples were processed for immunocytochemistry (HC(Bis. 1-6).
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F|g 3. A. Globose neurons and their nerve ganglia are observed ina mlcrophotograph of the human
atrium. B. Shows a neuron with abundant Nissl granulations (arrows).

Fig. 4. A. The mlcrophotograph of the human atnum (orceln stalnlng) shows myocardlal muscle cells
with abundant elastic fibers (arrows). B. In the subepicardial nerve ganglion, a large amount of brown
multilocular fatty tissue is observed (arrows). C. In the subepicardial connective tissue, abundant elastic
fibers are shown in different directions, layers, and thicknesses (arrows). Staining Van Gieson's technique

Fig. 5. A. The microphotograph shows that in the subpericardial region of the atrium, arrows indicate
the presence of collagenous fibers and neuron cytoplasm with scarce connective tissue around the
nerve ganglion (arrows). B. The arrows highlight abundant multilocular or brown fat employing the
staining Van Gieson's technique.

Fig. 6. A. Through immunocyto-
chemistry (ICC: S100 protein), the
microphotograph shows the somas of
pseudounipolar or globose neurons,
positive for the presence of
intermediate filaments of the
cytoskeleton (neurofilaments) of
intense brown color (arrows) and their
projections (axon and dendrites).
There is also brown fat (arrow). B.
Arrows indicate globose neurons and
their projections (axons and dendrites),
surrounded by satellite cells.
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DISCUSSION

Various reflex mechanisms necessary to enable and  The subepithelial connective tissue of the pericardium
regulate central blood volume (CBV) and mean arteriéd composed of various fibrous elements (collagen | bundles)
pressure (MAP) have been described, including the presené®arying density but with an abundance of large unilocular
of baroreceptors for this purpose. These neuronal sensadipose cells (white fat). Smaller numbers of multilocular
are related to the brainstem and higher brain regions. Thiay cells or brown fat, as seen in Figures 1C and 4B. In the
are capable of generating an optimal autonomic respongbrillar extracellular matrix stained with orcein elastic fibers
which includes adjustments in the parasympathetic nervoare observed, the elastic fibers of the pericardium/epicardium
system (PNS) and sympathetic nervous system (SNfesent a quite particular organization in the subepithelial
(Kimmerly, 2017; Fedele & Brand, 2020). region, arranged as a lattice perpendicular to the epithelial

lamina (4C). Immediately after that, in-depth, the elastic

The cardiac sympathetic nerves innervate the walissue becomes thicker and intertwined bundles forming a
of the heart, arising from the stellate ganglia (obase parallel to the anterior and mesothelial epithelial lamina.
cervicothoracic ganglion), which is a sympathetic ganglioim the deeper connective tissue of the pericardium, adipose
formed by the fusion of the inferior cervical ganglion andissue strongly predominates, characterized by a thin outer
the first thoracic ganglion, which exists in more than 80 %heath of thin, circular bundles of elastic fibers. Similarly,
of individuals. Sometimes, the second and third thoradhese patterns are repeated in the lymphatic and blood
ganglions are included. They are the ones that maintain thessels. The latter has a substantial and prominent outer
electrical activity of the heart (Wargg al.,2018). elastic membrane (Kamraei al, 2025).

Typically, the histology of the tissues and The presence of fat plays a multitude of essential roles
compartments of the heart only describes the cardiawccardiovascular survival and function. Brown fat is typical
nervous system associated with regulation by th& some regions of the newborn's body, and its presence
sympathetic and parasympathetic nervous systems (kignifies a state of biochemical protection against the
2022), adding the projection of mediastinal ganglipresentation and development of metabolic diseases of the
(Camposet al, 2018). However, it is also necessary tdeart. With advancing age and obesity, it is reduced, and an
highlight the presence and distribution of the specifimcrease in white fat appears (Aldiss al, 2017). The
myocardium. associated excess of visceral fat in the heart and coronary

arteries is a significant risk factor for the development of

The specific myocardium corresponds to smallerardiovascular disease. Adipose tissue dysfunction involves
myocardiocytes than the contractile myocardiocytes. It the secretion of multiple factors that modulate vascular
distributed in the subendocardial regions in the right atrilinction and atherogenesis by damaging the elastic fibers
(P wave of the electrocardiogram), atrioventricular (PRf the connective tissue (Jaaskeldieeal, 2023). Brown
segment of the electrocardiogram), and the one extendifag in humans is typically distributed in the regions of the
through the entire subendocardium in both ventricles (QRf&ck, clavicle, and around the spine. It is characterized by
complex of the electrocardiogram) nodes. These specificthie use of glucose and lipids for heat generation, is intimately
conduction myocardiocytes have low amounts of contractitelated to metabolism in the tissues that structure the heart,
proteins (myosin and actin), few intercalary discs, and adogatd functions as an actual organ of thermogenesis. The
a spherical or rounded shape (Keemtral., 2020). progressive reduction of fat in humans is closely related to

obesity. These changes in fat types from multilocular to

The ganglion neurons analyzed in this study (Figsinilocular represent a consequential risk factor for
1 to 6) show a large number of proteins gathered in teardiovascular disease (Cypextsal, 2009; Cheret al,
form of basophilic cytoplasmic granules known as Nis€021).
bodies, which, according to the literature, are associated
with the endoplasmic reticulum, being one of the Embryologically, brown fat originates from
characteristic features of nerve cells (Seeal, 2021). mesenchymal cells of the splanchnic mesoderm, abundantly

distributed in the submesothelial connective tissue of the

The pericardium has a simple flat mesothelial liningpicardium, including the endocardium. The epicardium,
epithelium with a rectangular cell shape, a prominentith its mesothelial composition, simple flat epithelium, and
nucleus, an oval shape, and its significant axis parallel taderlying connective tissue with abundant brown fat, is
the surface. This epithelium is generally arranged straigtiitectly continuous with the middle layer of the heart formed
on the organ's surface (Hemdstral, 2024). by myocardiocytes without a relevant limiting fibrous
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connective tissue. The precise role of brown fat in the hedethniques used indicate that it is possible to recognize in
is scarcely understood, although its gene expression profitae subpericardial region of the human atrium the presence
are associated with cardiovascular risk. A relevant role of nerve organizations based on ganglia with pseudo-
physical activity is played by the types of fat present, mainlynipolar or globose neurons and the presence of abundant
related to thermogenic function and glucose consumptidomrown or multilocular fat. The human atrium, at the level
characteristic of mainly brown fat (van Marken Lichtenbelof the subpericardium and connective tissue, has its ganglia
et al, 2009; Aldisset al, 2018; Yoshid&t al, 2022). The of classical organization. Particularly, the presence of brown
presence of brown fat improves the heart's metabolic stéé¢ mainly constitutes a vast energetic reservoir. The
and reduces cardiovascular risks (Aldisal, 2017). The presence of ganglia and brown fat allows speculating on
functions of pericardial fat are potentially related tahe unknown origin of some symptoms and pathologies,
myocardial energy, thermoregulation, protection ofuch as angina pectoris and sudden death.
autonomic ganglia, local nervous tissue, and coronary
arteries (Alcalé&t al.,, 2019). Limitations and recommendations for future studies.
This study analyzed a single sample focusing on the
In the epicardium, the association and relationshigmnatomical structures of a 67-year-old patient, which could
of adipose tissue with atrial arrhythmogenic activity standafluence age-related anatomical changes. The use of
out, even more so when, in modern medicine, there aadditional markers and patient samples would be interesting
devices that allow the presence and tissue relationshiptofimprove descriptive power in the context of a particular
the atrium to be evaluated by noninvasive techniques (Wodigease.
etal, 2017). Currently, adipose tissue is ascribed a relevant
endocrine function, the disruption of which would beRODRIGUEZ, H.; ARRIAZA, C.; RODRIGUEZ, N.;
involved in various endocrine, inflammatory, andARAYA, J. C. & ESPINOZA-NAVARRO, O. Presencia de
cardiovascular pathologies, which together may ha@anglios y grasa parda en el pericardio atrial humano:
profound effects on the cardiovascular system and is a targéf acterizacion histologicet. J. Morphol., 43(62123-2128,
tissue for potential therapeutic actions (Pateill, 2017). 025.

RESUMEN: La contraccion cardiaca se realiza por
Epicardial adipose tissue (EAT) is recognized asgstimulos contréctiles del miocardio especifico y por regulacién
distinctly unique and multifaceted device. Due to tissusimpatica y parasimpética, cuyos ganglios se localizan a nivel
continuity, its proximity to the myocardium highlightsdel mediastino. Este estudio analiza otras vias nerviosas
endocrine, paracrine, and vasocrine functions directly @sganizadas en unidades ganglionares en el pericardio atrial
the heart. Pericardial fat accumulation and obesity afgmano y la grasa parda circundante. Muestras humanas del
recognized as mobile factors of atrial fibrillation and ofttrio derecho, obtenidas y autorizadas por la Facultad de
easy, noninvasive evaluation. Thus, there has besgdlcma de la Universidad de Chile, se fijaron en formalina al
€
|

- . . . % durante 48 horas (cortes deus). Para el analisis
speculation that arrhythmogenic mechanisms may inclu - . . :
Stologico de las muestras, se utilizaron hematoxilina y eosina

adipocyte infiltration, pro-fibrotic and paracrine ;. rutina y técnicas especiales de tincion con azul de toluidina,

proinflammatory effects, oxidative stress, and othjiceina y van Gieson para la observacion de cuerpos de Niss|,

pathways SO that Varlat'on and re|at|0nShIp |n body f%ras e|ésticas' Citop'asma, Colégeno y grasa parda'
distribution is another potential in association with locakspectivamente. Se emplearon técnicas de inmunohistoquimica
nerve tissue regionalization (Krishretral, 2022; Giannino para reconocer la presencia de neurofilamentos y la proteina
et al, 2024). S100 (DAB). El andlisis histolégico e inmunocitoquimico reveld

la presencia de un ganglio compuesto por neuronas globosas

Although the heart functions autonomously, thélue reaccionaron positivamente al reconocimiento de
specific or conduction myocardium manages and r(_:‘gukﬂrégurofilamentos, elementos distintivos del citoesqueleto

contractility. The cells obtain the energy for this functioﬁ'euronal' Las células que rodean las neuronas mostraron reaccion

from glycogen stores. Contractile regulation is carried oﬁps't'va a proteina S100. Ademas, se observo grasa parda

h h th heti d heti Subepicardica. El estudio concluye demostrando y describiendo
through the sympathetic and parasympathetic Sys‘t(:"'ﬂfpresencia de ganglios bien constituidos en el tejido conectivo

whose ganglionic relays are located in the regiong{pepicardico, con una abundante cantidad de grasa parda. La
mediastinum (Fedele & Brand, 2020; Ra#oal, 2020; presencia de ganglios y grasa parda podria explicar algunos
Pinckard & Stanford, 2022; let al, 2023) sintomas y patologias de origen desconocido, como lo son
anginapectoral y muerte subita.
CONCLUSIONS
PALABRAS CLAVE: Anatomia; Pericardio;

The histological and immunohistochemicalGanglio; Humano; Grasa cardiaca.
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