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ABSTRACT

The elastic system is one of the most developed interstitial elements in connective tissue. With diverse functions,
pre-elastic and elastic fibers contribute to the distensibility and malleability of several organs. Also, micro-
analyses of the elastic system were obtained by different histological techniques that were employed over years
to describe normal and pathological conditions. Compared to conventional stains, hematoxylin-eosin/phloxine
(HE/P) under fluorescence and confocal microscopy presented a highly detailed observation of the elastic sys-
tem in different organs and scenarios. This technique provides a better demarcation of the elastic fibers, favoring
their description in relation to their deposition and aggregation in different organs. Also, fibrils with low ag-
gregation or loss of this characteristic are observed in an optimal view in the skin, heart valves, and large-caliber
blood vessels. Degradation, fragmentation, and rupture were also well described by the HE/P technique. Several
organs, such as the mammary gland, prostate, skin, aorta, and lung, could be described with precision under this
technique. In association with non-linear microscopy, the results of the research presented in this paper improved
and detailed characteristics of precise pathogenesis. Thus, the HE/P technique presented an interesting efficiency
to demonstrate alterations and structures in which the elastic system showed a relevant role, and when compared
to other techniques it demonstrated a similar or better result. In addition, it is expected that future studies can
reveal more information about the elastin and interactions with specific dyes, thus allowing a greater under-
standing of the great efficiency of this technique.

1. Introduction

type of protein in the mammalian organisms, the collagen fibrils are
composed by three coiled a-chains, which form fibers with a wide va-

The connective tissue is an organized system in which cell population
is mostly composed by fibroblasts. Such cells are responsible for syn-
thesizing a variety of extracellular matrix (ECM) types, depending on its
function and localization. Connective tissue proper, for example, has the
filling function of attaching different tissues and produces an ECM
mostly composed of collagen and elastic fibers. Being the most abundant

riety in structure and function (Ross and Pawlina, 2016). Elastic fibers,
in contrast, consist in an association of amorphous and microfibrillar
components that provide a rubber-like network (Rosenbloom et al.,
1993; Berk et al., 2012). This network stores potential energy, required
for maintaining vital functions such as blood flow during diastole
(Faury, 2001; Cocciolone et al., 2019) or air inhalation (Liem, 1988;
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Mecham, 2018).

Molecules for elastic fiber synthesis are secreted by fibroblasts,
endothelial cells, smooth muscle cells, and keratinocytes (Kajiya et al.,
1997; Mecham et al., 1985; Narayanan et al., 1976; Ozsvar et al., 2021;
Uitto et al., 2013; Wise et al., 2009). Among these components, two
proteins participate in the core structure of elastic fibers (Fig. 1): the
fibrillin microfibrils and the elastin central core. Elastic microfibrils are
mainly composed of fibrillin-1. This protein is inserted around elastin
macromolecules and form a core for elastic fiber aggregation with
fibrillin-2 (Kielty et al., 2002; Lockhart-Cairns et al., 2020; Yanagisawa
and Davis, 2010). Fibronectin and transglutaminase also participate in
microfibril stabilization. Finally, elastogenesis is concluded with the
aggregation of tropoelastin molecules to the microfibrils (Fig. 1), by
cross-linking that forms desmosine and isodesmosine (Fig. 2) (Schmelzer
et al., 2020). Elastin may arrange to form flattened sheets, meshwork or
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elongated fibers, which are interspersed with collagen fibers and con-
nective tissue cells (Fig. 3). For example, in the loose connective tissue, a
0.2-1.5 pm thick network of elastic fibers is present; in the aorta, the
elastic lamina is organized by layers of 1-10 pym sheets (Ushiki, 2002;
Yanagisawa and Wagenseil, 2020).

Methods for elastic fiber identification and morphological analysis
have been signaled taking in consideration its molecular aspects for
studying its physiological or pathological process of degeneration and
senescence (Heinz, 2021). Scanning electron (Torre et al., 2021) and
atomic force microscopy (Ronchetti et al., 1998; Sambani et al., 2023)
are standard techniques that properly allow analysis of the elastic fibers
3D surface. In transmission electron microscopy (TEM) (Fig. 3), tannic
acid is applied in the fixative process for a better identification and
distinction of elastic fibers from other ECM components (Cisne et al.,
2018; Ferraz de Carvalho and Konig, 1982). In addition, light
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Fig. 1. Elastic fibers synthesis, deposition, and microarchitecture. (A) Intracellular tropoelastin and fibrilin-1 synthesis. The main proteins of elastic fibers, fibrillin-1
and elastin, are synthesized and secreted via common biosynthetic pathway of fibroblast and smooth muscle cells. Fibrillin is secreted and quickly polymerized into
microfibrils, which comprises the fibrillar scaffold to elastin deposition. Elastin is pre-formed as tropoelastin associated to a chaperone protein. In the extracellular
space, tropoelastin is polymerized in a central region of microfibril bundles, a mechanism catalyzed by lysyl oxidase (LOX), a copper-dependent enzyme. Its
deposition is irregular among microfibrils scaffold. (B) Elastic System. Irregular deposition of elastin demonstrates different subtypes of fibers in the elastic system. (I)
Oxytalan fibers are pre-formed fibers composed only by fibrillin-microfibrils bundles. (II) Elaunin fibers are called pre-elastic fibers due their low elastin content. (III)
Elastic fibers are the main fiber and the mature shape found in elastic system, notably due to its elastin core.
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Fig. 2. Elastic fiber meshwork and interaction. (I) After assembling, the function of elastic fibers occurs after its fibril’s association to an interconnected network. (II)
This interconnection is established between alanine-rich signaling regions in the elastin, in which desmosine or isodesmosine molecules are covalently linked to
lysine (Lys) sites. (III) In this way, the elastin fibers are interconnected to form a distensible meshwork or being under rupture, degradation or fragmentation.

Fig. 3. Elastic fibers under transmission electron microscopy. (A-B) Smooth muscle sheets in prostatic stroma were able to synthesize elastic fibers under stress, such
as by castration. In healthy conditions, smooth muscle cells do not present synthetic activity related to elastic system (A). Under prostatic stromal remodeling, these
cells can synthetize elastic fibers, observed among cytoplasmic projections (B). (C-D) Elastic fibers in longitudinal and transversal sections; note microfibrils bundles
in association with elastic core. (E) Blood vessel highlighting elastic lamina. Elastic fibers are well demonstrated after tannic acid preparation under electron mi-
croscopy procedures. Abbreviations: E: elastic fiber; Col: collagen; SMC: smooth muscle cells; mf: microfibrils; m: mitochondria; Bv: Blood vessel; Ed: endothelial cells.

microscopy (Fig. 4) is a faster and easier method for performing such
analyzes; in this aspect, cytochemical established methods, such as
Hart’s (Davis and Li, 2017), fuchsin and phloxine, and immunohisto-
chemical techniques (Sawada et al., 2006; Shen et al., 2022) were
described.

Moreover, ECM is a complex arrangement of macromolecules that
exert not only an accurate biochemical and signaling role among cells
and tissues, but also adhesion and mechanical functions (Ross and
Pawlina, 2016). In this aspect, the growing focus of the scientific com-
munity in the field of tissue engineering, searching for regenerative
therapies has raised interest in the composition and mechanisms
involved in ECM synthesis and maintenance (Ouni et al., 2020). Allied to
that, the fact that tumor development is directly dependent on ECM
structural aspects is another element that contributes to the growing

interest on the investigation of its morphological aspects (Di Martino
etal., 2021). In terms of metastatic features, ECM influences cell motility
by mechanisms that may impact polymerization and depolymerization
of intracellular — cytoskeletal — filaments (Kim et al., 2016).

The paper of De Carvalho and Taboga (1996) presents the conven-
tional technique of hematoxylin-eosin/phloxin (HE/P) as a relevant tool
for analysis of the elastic system in several biological samples (De Car-
valho and Taboga, 1996). The HE/P technique allied to fluorescence
microscopy (Fig. 4 B-B’) has been frequently used to describe normal
and histopathological conditions. Since then, many works have been
performed based on this technique, and advances in the field have been
reached in terms of synthesis (Shemesh et al., 2018) and degradation
(Antoniassi et al., 2020; Vilamaior et al., 2003) of elastic fibers. Thus,
this review is dedicated to present relevant data in the literature as well



T.F.R. Ruiz et al.

Acta Histochemica 126 (2024) 152209

v
\/"',7) y
Yo Ve

Ly
i

Fig. 4. Histochemical staining methods for elastic system detection. Rodent skin tissue was observed in serial depth sections and stained with different dyes and
techniques. (A-A’) Hematoxilin-eonsin/phloxine under light microscopy. (B-B’) Hematoxilin-eonsin/phloxine under confocal/fluorescent microscopy. The excitation
spectrum ranges between 530 and 550 nm, while the emission spectrum is above 590 nm. This technique allows a good differentiation of mature elastic fibers (white
arrowheads) from other matrix components, even under 400x (B’) magnification. In this technique, elaunin fibers (black arrowheads) are identified by its greenish
color. (C-C’) The Verhoeff iron-hematoxylin shows a strong staining for elaunin and mature elastic fibers, but it does not distinguish the oxytalan fibers. (D-E’) The
Weigert’s resorcin-fuchsin provides an efficient differentiation for elastic system fiber types. Peroxidation (D-D’) allows identification of oxytalan fibers, the thinnest
fibers of the elastic system. However, without peroxidation step (E-E’), this histochemical technique evidence matures (white arrowheads) and pre-elastic fibers
(black arrowheads). (F-F’) Orcein dye exhibits a strong stanning of thicker fibers (elaunin and mature elastic fibers) and facilitates their observation due to a less
intense background staining. Elaunin fibers are better observed under a 400x magnification (F’).

as the usability of this technique for describing histopathological phe-
nomena. We also aimed to compare it with other commonly applied
techniques, since there isn’t much current information about it in the
literature. Our main goal is to present (1) the techniques also employed
for the detection of elastin showing the pros and cons of each one; (2)
provide the description of homeostatic (normal physiological) condi-
tions under HE/P technique, allowing an overview of elastic systems of
different organs; and (3) demonstrate the use of this technique under
histopathological and experimental conditions as a valuable tool.

2. Elastic fibers: cytochemical techniques and properties
2.1. Techniques applied for detection of the elastic system

The elastic fibers are composed by insoluble structures present in the
ECM (Sherratt, 2009). In elastic system studies, some staining tech-
niques allow the differentiation of such components (Table 1). In the
conventional hematoxylin-eosin (HE) technique (Fig. 4 A-A"), the elastic
fibers have an acid feature, being stained by hematoxylin (Table 2).
However, this staining does not allow a clear differentiation between the
fiber types in the system, since elastic fibers are thinner and may get
overshadowed by other more abundant basophilic components (Fullmer
and Lillie, 1958).

In the in vivo environment, elastic fibers are naturally acidophilic.
However, after oxidation they acquire a basic character, which can be
assessed by using different substances, such as periodic acid, peracetic
acid or potassium permanganate. The oxidation of the fibers is impor-
tant since some staining techniques are only able to stain the elastic fi-
bers after their anionic change. It is known that most dyes capable of
staining pre-formed fibers, such as oxytalan, are cationic dyes (after
tissue oxidation), and few dyes are anionic, highlighting only fibrillar

elements after elastin deposition (Fullmer and Lillie, 1958). Unlike
oxytalan, elaunin fibers are stained by orcein, aldehyde-fuchsin and
resorcin-fuchsin stains, even without peracetic acid oxidation, probably
since these fibers already present the reactive structures (elastin) even
before oxidation (Fullmer and Lillie, 1958). On the other hand, in oxy-
talan fibers is observed the presence of microfibrils, which are formed by
fibrillin connected from disulfide bridges. This requires the occurrence
of a pre-oxidation in the tissues, which leads to the breakdown of these
bonds, and allows their staining by cationic dyes (Schmelzer and Duca,
2022). It is worth mentioning that each staining has specific limitations,
such as lack of specificity and weak staining or the need for differenti-
ation for the reaction to occur, as occurs in most of them (Percival and
Radi, 2017).

The staining method by Verhoeff-Van Gieson (Fig. 4 C-C’) is widely
applied in the identification of elastic fibers (Table 2). However, this
method makes it difficult to differentiate thinner fibers (Percival and
Radi, 2016). In this technique, a regressive hematoxylin stain is used
with ferric chloride and iodine, which will act as a mordant and oxidant,
linking the hematoxylin to tissue components. Later, ferric chloride and
sodium thiosulfate are applied for differentiation, to increase the affinity
of high elastin deposition regions and remove its excess from the tissue
(Kazlouskaya et al., 2013; Wulff et al., 2004). The elastic fibers are
blue-black/black stained, similarly to cells nuclei (Titford, 2005). The
collagen fibers are stained red (Van Gienson), and other cytoplasmic
components, yellow (Percival and Radi, 2016). In such staining, hy-
drochloric acid can be used to increase the selectivity of the staining,
since it prevents the dye from binding with pseudo-elastin-a component
with similar histochemical and staining properties to those seen in
collagen fibers (Puchtler and Waldrop, 1979). Lugol’s solution can be
applied, which increases the bond lifetime between iron and hematein,
since Lugol will act by preventing peroxidation of dyes (Puchtler and
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Table 1

Elastic fibers staining.

Techniques/
methods

PROS

CONS

APLICATIONS

Hematoxylin-
Eosin

Verhoeff-Van
Gieson

Weigert’s
Resorcin-
Fuchsin

Orcein

- General
staining;

- No advanced
techniques
required.

- Distinction of
ECM fibers
(collagens and
elastic);

- Elastic fibers
are strong
stained.

- Easy

differentiation of

the thin elastic
fibers;

- Selectivity for
elastic fibers.

- Dual tissue
staining;

- Quantification
feasible and
precise of elastic
fibers.

- No clear
differentiation of the
different types of
fibers, due to dual
staining for
basophilic and
acidophilic
components.

- No differentiation
among elastic fibers
subtypes (oxytalan

and elaunin).

- Preparation and
process require long
time.

- Low selectivity and
low contrast for
thinness subtypes;
- Counterstaining
required for better
visualization of
other components;
- Not feasible for
quantification of
elaunin and
oxytalan fibers.

- Some specific
analyses require
changes to the
staining protocols; in
one such case,
hematoxylin
staining was
associated with
immunolabeling in
order to identify
elastic fibers
associated with
tumor cells in lung
cancer (Shen et al.,
2022);

- Require
employment of
microscopy
techniques for
differential
observation of
fibbrilar components
(confocal
microscopy,
fluorescence
microscopy).

- It is widely used in
the diagnosis of
pathologies,
especially
cutaneous, and is
important for
distinguishing some
complex diagnostic
alterations (
Kazlouskaya et al.,
2013);

- Specific analyses
may require changes
to the protocol for
best results, such as
analysis of the fibers
of small-caliber
vessels (Percival

et al.,2016).

- The use of
Weigert’s resorcin-
fuchsin staining
combined with fast
green FCF staining
proved to be an
effective method for
detecting elastic
fibers in the heart, as
it allows them to be
distinguished from
collagen fibers (
Dmitrieva et al.,
2022).

- In the diagnosis of
Lupus, several
analyses are
required to confirm
the diagnosis,
including analysis of
the deposition of
elastic fibers, where
orcein staining is
often used, and this
analysis is important
for the final
diagnosis (Asadi
Kani et al., 2014).
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Table 1 (continued)

Techniques/ PROS CONS APLICATIONS

methods

- In quantitative
analyses for
atherosclerosis, it is
important to assess
whether the elastic
fibers of the artery
have ruptured, and
orcein staining is
commonly used. This
stain can be
combined with other
stains, such as the
Martius scarlet blue
(MSB) stain, used to
analyze fibrin (Gajda
et al., 2017).

Waldrop, 1979).

In Weigert’s resorcin-fuchsin staining (Fig. 4 D-E’), with no previous
treatment, the dye specifically associates to the elastic fibers. After tissue
acetylation, sulfation and phosphorylation, the dye is induced to bind
structures containing glycogen and polysaccharides, such as collagen,
but without changing the staining of elastic fibers (Puchtler and Sweat,
1964) (Table 2). This method stains the elastic fibers black, while muscle
fibers lying between the elastic ones do not stain (Akhtar, 2010). It is
believed that this elastic fiber binding is not associated with the presence
of elastin, but with the polysaccharide esters. The resorcin-fuchsin
would bind by hydrogen bonds, which occur between the hydroxyl
groups of the dye resorcinol and the oxygen of the ester group of the
acetylated polysaccharides (Puchtler and Sweat, 1964).

Weigert’s resorcin-fuchsin staining applies iron chloride, which re-
acts differently when binding elastic and collagen fibers, contributing to
their differentiation (Newton, 1966; Puchtler et al., 1961). In this case,
collagen strongly reacts with acid dyes, whereas elastin has fewer car-
boxylic groups, which allows iron to generate a good differentiation
between the two. Thus, collagen binds more intensely in the presence of
basic fuchsin (Puchtler et al., 1961); the elastic fibers show a stronger
reaction to resorcin, being only delimited by the association of basic
fuchsin and ferric chloride (Newton, 1966).

Orecein staining (Fig. 4 F-F’) is one of the most widely applied tech-
niques for studying elastic fibers, comprising an acid dye with a black
staining (Table 2). It is believed that Van der Waals and hydrogen bonds
between the dye and the elastin mostly influence this staining (Horobin
and James, 1970). In this reaction, an alcoholic solution is used so that
the positively charged portions of the orcein are solubilized (Weiss,
1954). However, this staining ends up presenting low selectivity and the
elastin staining provides low contrast, which difficult its observation
(Humason and Lushbaugh, 1960). In general, the technique produces a
black or reddish-black coloration in elastic tissue, and as with Weigert
staining, the presence of iron can increase the binding of the fabric to the
dye (Lillie et al., 1968).

2.2. Fluorescence

Confocal/fluorescence microscopy improves capture resolution and
image sharpness, promoting better visualization of cellular and fiber
structure and arrangement. The confocal method contributed to the
revolution of microscopy soon after 1950, improving the images ob-
tained by fluorescent microscopy (Bayguinov et al., 2018; Paddock and
Eliceiri, 2014). Those methods are used in several studies and have
multiple applications, such as better understanding of virus biology
(Menke et al., 2023; Putlyaeva and Lukyanov, 2021), fiber assembly
(Kozel et al., 2005), as well as three dimensional imaging in both live
animals (Fibered Confocal Fluorescence Microscopy) and tissue sections
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Table 2
Protocols of common stain used for elastic fibers.
Protocol HE/P Verhoeff-Van Gieson Weigert’s modified Orcein
(De Carvalho and Taboga, (Verhoeff, 1908) (Crescenzi et al., 1991) (Lillie et al. 1968)
1996)
Dewaxing - Xylene
- Decreasing Alcohol (100 %, 95 %, 80 %, 70 % 50 %)
- H,0d
Dyes - Hematoxylin - Verhoeff’s hematoxylin: - Weigert’s ferric hematoxylin: - Polychrome blue (Unna):
Preparation 1. Hematoxylin-5g 1. Hematoxylin-1g 1. Solution A: 1. Methylene blue-1 g
2. Alcohol 95 % - 100 mL 2. Alcohol absolute - 22 mL Hematoxylin -1 g 2. Potassium carbonate - 1 g
3. Aluminum and 3. Ferric chloride 10 % - 8 mL Alcohol 95 % —100 mL 3. Hy0d - 100 mL
ammonium sulphate - 4. Lugol - 8 mL 1. Solution B: - Orcein solution:
20g - Iron chloride (2 %): Iron perchloride (30-29 %) - 4 mL 1. Orcein - 0,25 %
4, H20d! - 1.000 mL 1. Ferric chloride - 1,4 mL Hydrochloric acid - 1 mL 2. Alcohol 70 %. - 100 mL
5. Acetic acid - 2-4 mL 2. H,0d - 100 mL H,0d - 95 mL
6. Mercury oxide - 3 g - Sodium hyposulphite (5 %): Combine the two solutions when using
Boil the solution after 1. Sodium hyposulphite - 5 g - Weigert’s resorcin-fuchsin:
each addition of 2. Hy0d - 100 mL 1. Basic fuchsin-2 g
compound - Van Gieson or Picro-Ponceau: 2. Resorcin-4g
- Eosin 1 % 1. Ponceau aqueous solution 3. H,0d - 200 mL
1. Eosin-1g 1-100 mL 4. Ferric chloride 29 % - 25 mL
2. Hy0Od - 100 mL 2. Picric acid saturated solution - 5. Alcohol 95 % - 200 mL
- Phloxine 1 % 90 mL 6. Hydrochloric acid - 4 mL
1. Phloxine-1g 3. Glacial acetic acid - 1-2 mL Dissolve fuchsin in distilled water and bring to the boil.
2. H,0d - 100 mL Then add resorcin and boil for 1°, adding ferric chloride
The substances should be afterwards. Boil for 1°, allow to cool and filter. Dry the
added in the following precipitate and dissolve in 95 % alcohol, boiling for 1°.
order: Cool and add hydrochloric acid.
1. Eosin 1 % - 25 mL - Ammoniacal water:
2. Phloxine 1 % - 2,5 mL one part of Ammonium hydroxide to five parts of distilled
3. Alcohol 95 % - 195 mL water
4. Acetic acid - 10 mL
Staining - Hematoxylin (3) - Verhoeff’s hematoxylin (15-30") - Weigert’s ferric hematoxylin (10°) - Polychrome blue (5-15")
- H,0d -H,0 - H,0d - Orcein solution - until the
- Wash in 80 % alcohol - Ferric chloride for a few minutes - Weigert’s resorcin-fuchsin (20°) - if they become over- fibers turn brown
- Eosin/Phloxine (wash - H,0d colored, bleach with ammoniacal water
quickly) - Wash in 95 % alcohol quickly - Optional: van Gieson (1°) - if they become over-colored,
- H,0d - Hyposulphite (5°) bleach with ammoniacal water
- H,Od - Alcohol with drops of picric acid in saturated aqueous
- Optional: van Gieson or Picro- solution
Ponceau (1°)
Staining - Acidic tissue components - Elastic fibers and nuclei - dark - Elastic fibers and nuclei - dark blue-black - Elastic fibers — brown
pattern - purple-blue blue-black - With van Gieson: collagen fibers in red and muscle fibers
- Basic tissue components- - Collagen fibers - red in yellow
pink - Muscle fibers - yellow
Technical - Hematoxylin needs to be - Fresh ferric chloride should be - During Hematoxylin and van Gieson staining, it is - During the staining it is
Issues filtered before use used when preparing stain necessary to check with microscope until elastic fibers are  necessary to check with

- Van Gieson staining, it is necessary
to check with microscope until
elastic fibers are stained

stained
- Hematoxylin cannot be stored for a long time

microscope until fibers are
stained

- The polychrome solution takes
months to become suitable for
use

(Al-Gubory, 2019; Elliott, 2020). With that, histological techniques were
rethought within this new microscopy generation method: the HE/P
method was conceived from observation in both fluorescence and
confocal microscopy. More recently, this technique has been also
applied in association with modern microscopy techniques known as
Dual-mode Emission Transmission microscopy (DUET) (Fereidouni
et al., 2019) This is recognized as a simple and fast microscopy tech-
nique, with great potential for use in clinical diagnostic approaches
when coupled with HE/P.

Furthermore, HE is also associated with fluorescence microscopy for
the identification of some fluorophore’s molecules, as elastin compo-
nents of elastic fibers (Bradbeer et al., 1994). Despite this potential, HE
combination does not provide precise results, since the fluorescence
intensity is not strong enough, compromising the observation of fibers
details. Thus, eosin combination with phloxine is often applied for
enhancing the fluorescent labeling (Table 3). The phloxine is known as
an eosin-like dye, since both present a similar large wavelength range
(varying from 490 nm to 530 nm), which enables the observation of the
elastic fibers in three different fluorescent colors: blue, yellow and red,

when irradiated by light waves of 395 nm to 530 nm (Carvalho and
Taboga, 1996). The yellow shift allows a major differentiation of elastic
fibers (occurring in a fluorescence peak of 490 nm wavelength),
obscuring oxytalan and elaunin fluorescence intensity, and impairing
these fiber’s specific differentiation (Heo and Song, 2011).

3. The elastin fiber staining under physiological conditions

Description of the elastic system is often related to organs in which
the connective tissue plays a crucial role in organ mechanical and
physiological aspects, as well as organ organization during embryo-
genesis. In general, the HE/P technique has been frequently applied for
describing these phenomena. This technique allows correlating the
distribution of elastic fibers with their micromechanical properties in
organs (Akhtar, 2010). Also, the high resolution provided by confocal
microscopy allows highlighting nuances of fiber morphology and their
form of aggregation in specific tissues and organs (Parasassi et al.,
2000). Such dynamics of deposition and aggregation are favored by this
technique, in terms of the demarcation of the territory of elastic fibers
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Table 3

Common technical issues in fluorescence microscopy and HE/P technique.

Problem Description Improvements he/p technique
Fluorophore In thick tissue Confocal Use of confocal
Concentration sections the microscopy can microscopy for
fluorescence can provide a better elastic fibers can
be unequally visualization; improve the
spread into the Use thin slides complete
tissue; when performing observation of
Lower or no signal.  fluorescence elastic system;
microscopy. Optimal phloxine
addiction avoid
high or very low
fluorescence.
Photobleaching ~ Common in major Store the samples Samples stained
organic in the dark; with HE/P
fluorophores; Regulate the light generally do not

Contrast Errors

Non-specific
Fluorescence

Fluorophore
Degradation

The modification
of the fluorophore
molecule to a non-
emissive state.

Underexposure or
overexposure of
the image, leading
to blurry images or
overexposure
spots.

Background
fluorescence due to
overstaining and/
or molecules
autofluorescence.

Lower or no light
signals over
excitation

intensity when
using the samples;
Use of
photostabilizing
buffers.

Use the correct
wavelength and
reduce or increase
the light
exposition time in
the sample

Using better
blocking agents
can avoid
unspecific
fluorophore
bonding;

Reduce the
fluorophore
concentration;
Avoid using filters
with large
wavelength
spectrum.

Store the samples
at low
temperatures

present fading of
fluorescence due to
phloxine tight
aggregation.

Specific filter
fluorescence
microscopes of
wavelength in
confocal
microscopes avoid
contrast errors,
commonly
presented by the
other ECM fibers.
Optimal phloxine
addiction avoid
high or very low
fluorescence;
Perform a
comparation
among filters/
wavelengths also
helps to detect
autofluorescence
of other tissue
components.

HE/P do not
present fast
degradation, since
the
autofluorescence
of elastic fibers and
phloxine
aggregation avoid
this problem.

and their aggregation density avoiding misinterpretation (Wolf-de
Jonge et al., 2008).

Studies on the morphogenesis of the outflow tract, a connective
tissue-rich cardiac region in mammals (Sinha et al., 2012) and other fish
(Gardinal et al.,, 2019), have demonstrated the development and
possible mechanics involved with cardiac physiology associated with
the required elastic properties. Also, identification of the concentric
lamellae arrangement in the middle layer of large blood vessels is
improved with this technique (Sherratt, 2009), making it possible to
observe this phenomenon. Also, elastic fibers can be observed in tissue
aging processes. The HE/P technique increases the resolution and
appearance of the fibers by allowing analysis of elastin loss due to skin
aging processes, for example (Alvarez-Roman et al., 2004).

4. The elastin fiber staining under histopathological/
experimental conditions

As elastic fibers are important mechanical components of connective
tissue, some studies are devoted to describing their degradation,
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fragmentation, and rupture, or increased deposition due to pathological
processes (summarized in Fig. 5). Fragmentation appears different from
fiber rupture in some induced experimental models since it is possible to
observe trace segments under fluorescence microscopy. In the induction
of Peyronie’s disease by TGFp, the HE/P technique it allows identifica-
tion of the fragmentation of elastic fibers present in the tunica albuginea
region (Antoniassi et al., 2020). In skin, relevant processes of fragmen-
tation and mineralization of elastic fibers were well defined in patho-
logical conditions (Féslis et al., 2021; Makihara et al., 2017). Also,
phloxine were useful in two-photon excitation fluorescence and
second-harmonic generation to identify elastic system in dermis (Féstis
et al., 2021), demonstrating a high detailed structure also in nonlinear
microscopy. Interestingly, without counterstaing, such as HE/P, analysis
with these techniques did not demonstrated highlights of elastic disor-
ders (Cocciolone et al., 2019).

Elastic fiber disruption, on the other hand, presents itself in the HE/P
technique as continuous fibers with ends, as observed in the stroma of
glands of the reproductive system, such as the mammary gland in
experimental conditions (Ruiz et al., 2021) and in the prostate during
the process of carcinogenesis (Vilamaior et al., 2003), or in the lung
parenchyma due to emphysema lesions (Pastor et al., 2006). These fibers
lose their tissue continuity, presenting themselves as stromal fibrillar
elements more elongated than the elastin fragments mentioned above. It
is still interesting to point out that in initial conditions of tumorigenesis
in glands, the elastic fibers undergo the process of discontinuity (Ruiz
et al., 2021), and later, in more advanced cases (Vilamaior et al., 2003),
fragmentation is also observed. Indeed, since the HE/P technique allows
the observation of both processes, and stromal remodeling is a crucial
condition for the development of neoplasia (Piersma et al., 2020; Win-
kler et al., 2020), this technique has a great potential to be employed in
general histopathological analyses.

A third process, the deposition of these fibers and its arrangement,
can also be observed by means of the HE/P technique. The pattern of
elastic fibers deposition allows distinguishing pathological processes
that depend on these fibers’ density. Few examples are dermatofibromas
and fibrous tumors (Borucki et al., 2021), idiopathic atrophoderma of
Pasini and Pierini (IAPP) lesions (Vieira-Damiani et al., 2017), and in
spinal ligaments in patients with diabetes mellitus (Shemesh et al.,
2018). By applying the HE/P technique, these studies provided analyses
of organization and quantification of these fibers in different tissues.
Experimentally, the deposition of elastic fibers in the aorta’s elastic
lamellae observed in HE/P, makes it possible to identify damage and the
elongation of these fibers in the tunica due to the process of vascular
calcification (Al-Huseini et al., 2018). Also, irregular or uneven accu-
mulation in parts of the lung stroma can be observed and associated to
the aggravation of pulmonary emphysema (Pastor et al., 2006).

The degree of aggregation and organization of the elastic system is
also an important factor. The alignment and direction of elastic fibers,
associated with fiber density, determines tissue properties in addition to
corroborating with several pathologies. In the superficial dermis asso-
ciated with IAPP lesions (Vieira-Damiani et al., 2017) and scars (Elston
et al.,, 2013), the organization of the elastic system gives the skin
different mechanical attributes and topological deformations easily
distinguishable in HE/P. In fact, according to Dirk (2002), this technique
shows a great difference when compared to stains such as Verhoeff-van
Gieson and Weigert’s resorcin-fuchsin regarding the morphology of
dermal lesions. Not only observed in skin analysis, but in vascular
studies (Hays et al., 2008; Hinton et al., 2021), details of elastic system
were lost, since the non-aggregation or non-deposition were indistin-
guishable processes.

5. Conclusions and perspectives
The elastic system presented an important role in different organs

which confers a spotlight in analysis of this component of extracellular
matrix. HE/P demonstrated after its employment in biological samples
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Fig. 5. Normal and pathological morphologies of the jugular artery using HE/P. (I-VI) Fluorescent analysis under different fluorescent wavelengths. (A) Outflow
tract: bulbus valve of Brycon amazonicus (fish). Note the dense sheet of elastic fibers (white arrowheads) arranged in parallel in the luminal fibrosa of the valve. The
elastic sheets contribute to the valves distensibility. (B-C) Histopathological aspects of elastic degradation. (B) Tunica albuginea of experimentally induced Peyronie
disease. Elastic fibers are scattered, and fragmentation is present (arrowheads). (C) Mammary stroma under endocrine disruption. Elastic fibers in stroma are under a
degradative process induced by rupture. Scale bars: 20 um. Abbreviations: v: valve; bv: blood vessel; ep: epithelium; st: stroma.

grater results regarding pathological and normal descriptions. Further,
other also simple techniques, such as Verhoeff iron-hematoxylin, Wei-
gert’s resorcin-fuchsin, orcein, promoted similar or inferior results to
demonstrate details in different organs. We proposed and presented in
the present paper the general application of HE/P as a histological
technique with a powerful perspective to usage in routine and/or
research field.

Future studies could elucidate new perspectives and employment of
HE/P technique related to elastogenesis and elastosis in different organs
that elastic system appears to be crucial. In fact, the elastic and pre-
elastic fibers formation in tissue, such as deposition and pre-
formation, should be enlightened in the new generations of micro-
scopy related to confocal and fluorescence microscopy, which have
higher resolution and detail power. An interesting fact is that in-
vestigations of the intracellular elastin molecule have not yet been dis-
cussed or observed. Since the HE/P technique is made possible by the
elastin molecule, future studies may determine more precise relation-
ships between these events.

In summary, the HE/P technique has proven effective in demon-
strating events in the ECM that delimit modifications in the connective
tissue and contribute to the progression of pathological processes, as
well as in the morphological constitution of organs. In general, the ap-
plications of the technique presented in this paper were excellent for
determining functional inferences of the elastic systems, since they
presented details regarding the disposition, deposition, and fibrillar
structure in processes of degradation, fragmentation, and rupture. New
perspectives may be added to this technique in the future, as well as its

correlation with other techniques or its improvement. The association
between classic staining techniques and new histopathological tech-
niques (such as immunohistochemistry, cytochemistry, and new mi-
croscopy generation equipment for 3D analysis) should be addressed to
better understand the real correlation between health/disease with
elastic system microarchitecture.
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