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SUMMARY: The pineal gland is a small but essential endocrine gland that secretes the hormone melatonin, which regulates the
human circadian rhythm. This study aims to analyze regressive changes in human pineal gland tissue by examining thefxpression
GFAP, vimentin, and CD34. The study included 30 paraffin-embedded blocks of human pineal glands obtained from cadaver autopsies
Samples were stained immunohistochemically with the antibodies GFAP, Vimentin, and CD34. Morphometric data were obtained using
the threshold color plugin in Fiji software, and the results were analyzed by age and gender. A statistically signifieactdiffes
found in the areal fraction occupied by vimentin between Groups | and II, and Groups | and IIl. The average areal derSBABf th
marker is highest in the youngest cohort. No statistically significant difference was noted among the analyzed groupsig tt@mpar
results. Statisticalralysis revealed a statistically significant difference in the density of blood vessels between Group | and Group Il. The
guantity of pinealocytes and astrocytes diminishes over time, as evidenced by the reduction in the positivity of GFARglissitive
Vimentin positivity demonstrates the increase in the proportion of stroma throughout the aging process. Furthermorethkelgssity
of blood vessels, identified by anti-CD34, is relative to their localization within the stroma, which becomes predomitiarg.over
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INTRODUCTION

The pineal gland (PG) is a small but essential endocriséar-shaped supporting cells representing modified astrocytes.
gland. People have been familiar with it for 2000 years. Refiéeir cytoplasm is darker and localized between pinealocytes
Descartes, a French philosopher, mathematician, and scientidyderet al, 2011). In addition to cells, calcified structures
believed that the pineal gland is where thoughts are formedlled brain sand (corpora arenacea), whose function is
and the human soul originates (létal, 2005). The pineal unknown, can be observed in the pineal gland tissuegflTan
gland comprises parenchyma, covered with the connectiak, 2018). It was only in 1958 that the proper function of this
tissue of the soft meninges (pia mater), which forms iggland was discovered (Hydest al., 2011). As a
capsule. Connective tissue septa divide the glandular tissw@roendocrine organ, the pineal gland secretes the hormone
into lobes of different sizes. The parenchyma of the pinealelatonin, which regulates the human circadian rhythm—
gland itself is made up of two types of cells: pinealocytetfie absence of light conditions and melatonin production. For
which make up the majority (95 %), and interstitial glial cellthat reason, the synthesis takes place at night (Bblalt,

(5 %) (Treutinget al, 2018). Pinealocytes are round cell2018). The importance of the pineal gland and melatonin in
with light, basophilic cytoplasm and an irregular euchromatitie work of the human organism is manifold. In addition to
nucleus, whose role is the production and secretion of ttiee circadian rhythm and importance in maintaining sleep,
hormone melatonin. A rich network of capillaries surroundsielatonin  exhibits anticancer effects through

pinealocytes. Glial cells, called interstitial cells, are smallmmunomodulatory, antinflammatory, antioxidant,
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vasoregulatory, and oncostatic effects (Mik¢ral, 2006; Surface fraction assessmentTen randomly selected
Bonnefont-Rousselot & Collin, 2010; Fernandez-Etaal, microscopic fields of view were photographed at 40x
2012). As the immunohistochemical characteristics of thmagnification. Afterward, using Fiji morphometry software
human pineal gland tissue have not been determined so &rd a Color Deconvolution plugin, DAB-positive labels for
this study aims to examine the expression of GFAP, vimentiilhe analyzed markers were isolated from the
and CD34 in the human pineal gland tissue, as well asrticrophotographs and transferred to a black-and-white
analyze the changes in their expression during aging.  binary format using the threshold function. Based on the
contrast, the surface fraction (area fraction) was analyzed
MATERIAL AND METHOD using the Analyze Particles function for black-and-white
photos, i.e., the percentage occupied by DAB-positive areas
The research was performed at the Department tf the entire photograph surface (Fig. 1A).
Histology and Embryology, Faculty of Medicine, University
of Novi Sad. The study includes 30 formalin-fixed, paraffinStatistical analysis Statistical analysis was performed using
embedded (FFPE) blocks of human pineal glands obtainM SPSS statistical software, version 23.0 (IBM Corp.,
from the autopsy of cadavers. According to age, sampldsmonk, NY, USA). Data were reported as the mean
were divided into three groups: Group | (n=10) includestandard deviation (SD). One-way analysis of variance
samples of the pineal gland of subjects aged 20 to 30; GrodgNOVA) or Kruskal-Wallis test and Student's t-test were
Il (n=10) includes samples of persons aged 31 to 64; Groamployed to compare experimental groups. A statistically
Il (n=10) includes samples of individuals older than 64significant difference between groups was considered for
Nineteen samples belonged to men and 11 to women. In th€ value of less than 0.05 (P < 0.05).
material used in the research, the youngest respondent was
20, and the oldest was 83 years old. The average age W&SULTS
53.4+ 18.42 for males and 504920.94 for females. In the
youngest age group, the average age was#23.3; in the The expression of vimentin and glial fibrillary acidic
second group, 57% 5.0; in the oldest, it was 76424.7. protein (GFAP) within the pineal gland. Immunoexpression
of both examined markers was observed in the pineal gland
Histological technigue Pineal glands were fixed in bufferedtissue samples. By analyzing the samples stained with the
formalin (24 hours at +4C) and decalcified with 14 % GFAP antibody, the immunoreactivity of the parenchyma
ethylenediaminetetraacetic acid (EDTA). They were thenithin the gland's lobes is noted across all age groups.
dehydrated in rising isopropanol concentrations, embeddBdmunopositive cytoplasmic extensions of astrocytes
in paraffin (Histowax, The Netherlands), and cut on a rotagncircle the bodies of pinealocytes, creating a dense network
microtome (Leica, Germany) atfin. The histology slides (Fig. 1B). On the slides stained with an antibody to vimentin,
were stained with a standard hematoxylin-eosin techniquée immunopositivity of astrocytes is evident in the
peripheral regions of the lobes. Alongside astrocytes,
Immunohistochemical staining was performed usingndothelial cells of blood vessels and fibrocytes within the
the following primary antibodies: GFAP (mouse monoclonatonnective septa also demonstrate an immunopositive
1:100 dilution, Thermo Fisher Scientific, Waltham, MA,reaction to vimentin (Fig. 1C). The average surface density
USA), Vimentine (rabbit monoclonal, 1:500 dilution, Abcampf vimentin in group | is recorded at 19.376.36 %; in
Boston, MA, USA) and CD34 (rabbit monoclonal; 1:300@roup Il, itis reported at 23187.39 %, and in group lll, itis
dilution, Abcam, Boston, MA, USA) detected with thenoted as 24.3% 5.94 % (Fig. 1D). A highly statistically
UltraVision LP Detection System using HRP Polymer &significant difference in the area occupied by vimentin was
DAB Chromogen (Thermo Fisher Scientific, Waltham, MAfound between groups | and Il, as well as between groups |
USA). Before incubation of both antibodies (30 min. at roorand 1ll. However, no significant difference was observed
temperature), antigen retrieval was performed using a citrathen comparing groups Il and Ill. The average surface
buffer (pH 6.0) in a microwave oven at 850 W for 20 mindensity of GFAP markers in the youngest group (group |) is
Mayer’'s hematoxylin was used as a counterstain f@&5.07+ 3.36 %; in Group I, it is recorded at 24.2®.86
immunohistochemistry before mounting and coverslippingp, while in the oldest group (Group 1), this percentage is
the slides (Bio-Optica, Milan, Italy). 23.17+ 6.57 % (Fig. 1E). When comparing the results
obtained, no statistically significant difference was noted
The slides were analyzed using a Leica DMLBamong the analyzed groupsX®.05).
microscope (Leica, Germany) and photographed with a Leica
MC 190 HD camera (Leica, Germany) at a magnification of Vimentin in males has an average areal density of
40x using the Leica Application Suite (LAS). 23.08+ 7.067 % of the surface. In contrast, in females, this
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marker occupies an average fraction of 22 %1946 % of density of GFAP. In males, vimentin accounts for an average

the surface of the PJ (Fig. 1F). Based on the results, a@al fraction of 23.08 7.07 % of the gland's surface, while

statistically significant difference was found between maldke average value for the GFAP marker is 246149 %. In

and females (g 0.05). The average area occupied by thfemales, vimentin constitutes 22.9%6.95 % of the surface,

GFAP marker in men is 2446.69 %, whereas in women, while GFAP covers 24.2¥ 6.77 % of the gland's surface

this value is 24.2& 6.77 % (Fig. 1G). No statistically (Fig. 1H).

significant difference was found when comparing the values

obtained for both sexes §00.05). Density of blood vessels in the pineal glanth specimens

stained with the CD34 antibody, the density of blood vessels

No statistically significant difference was observedvas calculated using Fiji software. Blood vessel density was

when comparing the percentage of the vimentin marker 1078+ 1.38 % for Group |, while 2.42 1.84 % for Group

that of the GFAP marker across all three age groups, samples in the oldest group (Group IIl) had a value of

Statistical analysis revealed no significant difference in s&01+ 1.21 %. Statistical analysis indicated a statistically

regarding the areal density of vimentin compared to the are#nificant difference between Group | and Group Ik(p
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Fig. 1. A) Results of applying the threshold color plugin in Fiji software to immunohistochemically stained samples céltiytapife

B) Immunoexpression of GFAP in the pineal gland; C) Immunoexpression of Vimentin in the pineal gland; D) Graphical remesentati
of the average surface density of Vimentin in the pineal gland across all three age groups; E) Graphical representatienagkthe
surface density of GFAP in the pineal gland across all three age groups; F) Graphical representation of the averagesiyrédice den
Vimentin in the pineal gland by sex; G) Graphical representation of the average surface density of GFAP in the pinealeyiaryl by
Comparison of Vimentin and GFAP surface densities in the pineal gland by age; 1) Average density of blood vessels inglaagineal
across all age groups; and J) Representation of the average density of blood vessels in the pineal gland by sex.
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0.05). In contrast, the differences in blood vessel densgyrong immunoexpression in the cytoplasm of immature
between Groups | and lll, as well as between Groupsadbtrocytes (Schnitzet al, 1981). The literature states that
and lll, were not statistically significant §0.05) (Fig. the expression of vimentin is significant in the early stage
11). Additionally, the results showed that the mean densitf cell development but that as the cell matures, this filament
of blood vessels near the pineal glands in females was 2i20eplaced by another (Fernandez-Maal, 2012).

+ 1.49 %, compared to 1.971.53 % in males (Fig. 1J).

Statistical analysis revealed no statistically significant Martin Oudega and Enrico Marani examined the
difference between these two group& (@.05). expression of vimentin and GFAP in developing rat spinal

cord cells. Their study showed that during the first two
DISCUSSION weeks of life, vimentin is replaced by GFAP and that their

expression had a similar pattern (Oudega & Marani, 1991).

Glial fibrillary acidic protein and vimentin are Examining the pineal glands of cats and dogs, Boya &
intermediate filaments, about 10 nm in size, located in ti@alvo (1993) observed that in both types of animals, the
cytoplasm of glial cells. During the maturation ofpineal cells show vimentin immunopositivity regardless
astrocytes, the expression of intermediate filament§ the animal's age. Namely, cells stained with vimentin
changes. In the initial development of astrocytes, th®d a similar immunohistochemical profile as those stained
expression of vimentin is more pronounced than theith GFAP. This phenomenon is explained in the literature
expression of GFAP, while in mature cells, thas a delay in the maturation of astrocytes in the pineal
representation of these two proteins is reversed (Lopagdands compared to astrocytes of the central nervous
Mufioz et al.,, 1992). Today, GFAP is considered aystem. This is supported by findings that in certain parts,
characteristic constituent of mature cells, and the presersteh as the cerebellum and large myelinated pathways,
of vimentin in cells is a sign of immaturity (Eng, 1985). Aastrocytes retain immunopositivity for vimentin and GFAP
study by Fabrizio Busolirgt al (2017) involved examining (Schnitzeret al, 1981; Boya & Calvo, 1993). Our
the spatial distribution of vimentin, GFAP, and protein Sexamination of the distribution of vimentin markers
100 in the interstitial cells of the pineal gland in developinghowed that the highest expression of vimentin was
chinchillas compared to adults. GFAP was predominantpserved in the oldest group, while it was the lowest in the
expressed in stellate cells with long finger-like extensiongungest group. A statistically significant difference exists
surrounding individual pinealocytes or groups obetween Groups | and Il and between Groups | and Ill. No
pinealocytes. At the same time, vimentin was observedstatistically significant differences were demonstrated
cytoplasmic extensions of astrocytes, as well as imhen comparing the surface density of GFAP and vimentin
endothelial cells and perivascular spaces. By qualitativearkers between age groups. This phenomenon can be
analysis of the preparation, we could see that tlexplained by the fact that, in addition to astrocytes,
distribution of GFAP and vimentin followed a similar ratiovimentin is also expressed in blood vessel cells and
as in Fabrizio's study (Busoliet al, 2017). The parts of fibrocytes of connective septa within the pineal tissue,
the parenchyma labeled with the GFAP marker wemhich resulted in a similar surface density with the GFAP
located in the lobules themselves. GFAP is found in gliaharker (positive immunoexpression is considered evidence
cells within a lobule, forming a visible network of filamentsof the astrocytic nature of the cells). In the available
surrounding the pinealocytes. Contrary to GFAP, vimentiiterature, we could not find any papers that examined these
expression was detectable predominantly at the periphgrgrameters on a human sample and compared them by sex.
of the lobules, in perivascular spaces and endothelial cell®day, it is known that astrocytes undergo the process of
similar to the results of the study above. Research bgactive gliosis due to various pathological changes in the
Papasozomenos (1983) conducted with samples of ttentral nervous system. During this process, there is not
human pineal gland showed that immunopositivity foonly an increase in the number of astrocytes (proliferation)
GFAP is observed as early as in the 24th week of gestatibnf also an increase in cellular processes. In addition,
as well as that with aging, the interstitial network oincreased production of intermediate filaments, both glial
astrocyte extensions becomes more pronounced. Usiitgillary acidic protein, and nestin and vimentin (filaments
immunomarker S100b, earlier studies showed that tlebaracteristic of immature astrocytes) were observed (Eng
number of glial cells increases with aging (Popogtcl, et al, 2000; Pekny, 2001). Glial cells do not show
2016). Our research showed that GFAP is found in ti@munopositivity for the examined markers, only in pineal
cytoplasm of mature astrocytes and is almost equallyands with normal histology, but also in tumor changes
represented in cells of all age groups, confirmed hyf the pineal parenchyma; it was observed that glial cells
statistical analysis. Vimentin was initially considered ahow immunopositivity for S100, GFAP, as well as
marker of mesenchymal cells and radial glia, and it showénentin (Yamanet al., 2002).
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Vasculogenesis refers to the process of formation offer a more accurate evaluation of immunohistochemical
blood vessels during embryonic development. In contrastarkers in the future, thus ensuring a more precise result.
angiogenesis is the physiological process of forming neStudies of this type would significantly help create reference
blood vessels by multiplication (branching) from existingzalues that could be used to compare the vascularization of
ones (Cabrakt al, 2017). Angiogenesis occurs bothhealthy and pathologically altered tissues. This study
prenatally and postnatally in the usual developmentalentified regressive changes in the pineal gland, reflected
processes of the organism but also in some pathologitalthe gradual disappearance of the pineal gland's
processes such as injuries, inflammatory and vasculgrenchyma and the stroma's compensatory proliferation.
diseases, and tumors (Cabadlal, 2017). In tumors, The number of pinealocytes and astrocytes attached to
angiogenesis is an unfavorable factor that leads pinealocytes decreases over time, which could be seen
metastases, first described by Grinblatt and Shubik in 1968ough the decrease in the positivity of GFAP-positive cells.
as a cause of tumor expansion (Greenblatt & Shubik, 1968he increase in the proportion of stroma during aging is
The factors that lead to angiogenesis are a drop in arted&arly shown through vimentin positivity. Although
blood pressure for an extended period, increased metabalim/ious, the increase in the density of blood vessels detected
needs of the body, and the tissue's need for oxygen. Thethe anti-CD34 marker can be attributed to relative values
density of blood vessels is a measure of angiogenesis incamsidering their localization in the stroma, which becomes
organ. dominant over time.

Although the pineal gland has been known to maROPOVIC, M.; BOGOSAVLJEVIC, M.; MILJKOVIC, D.;
since ancient times, we have not found any informatid?OPOVIC, A.; TEGELTIJA, D.; VAPA, D. & CAPO, I.
about the density of blood vessels in the pineal gland in tR@racteristicas inmunohistoguimicas de los cambios regresivos
literature. In this study, an analysis of the surface (aredglacionados con la edad en la glandula pineal hurtna.
density of blood vessels of the pineal gland was perform@dorPhol., 43(4)1344-1349, 2025.
Data for the density of blood vessels was obtained with the

help of the Fiji software and Plugin called Threshold-Colou RESUMEN: La glandula pineal es una glandula

r : ~ .
eéndocrina pequefia pero esencial que secreta la hormona

f”md thﬁ. anrt]I_C.D3|4 aEtlbf)rﬂy Wa}s lésc;:"d ar? elatonina, la cual regula el ritmo circadiano humano. Este
immunohistochemical marker. The analyzed data SNOWS,&, i tiene como objetivo analizar los cambios regresivos en

statistically significant difference between age Groups | ang gjido de la glandula pineal humana mediante el examen de
Il. The value of blood vessel density obtained by this methggl expresion de GFAP, vimentina y CD34. El estudio incluy6

is the highest for Group Il and amounts to 2.42 % of thgp ploques de glandula pineal humana incluidos en parafina,
examined area. By comparing the obtained results, tBptenidos de autopsias de cadaveres. Las muestras se tifieron
average value of the density of blood vessels in personsmhunohistoquimicamente con los anticuerpos GFAP,
female and male sex is approximate, and there is mientina y CD34. Los datos morfométricos se obtuvieron
statistically significant difference between them. Viacavenediante el plugin de color de umbral del software Fiji, y los

et al (2003) conducted research similar to ours. In thefigsultados se analizaron por edad y sexo. Se encontré una
research, we came across data on the density of blood vesdifggencia estadisticamente significativa en la fraccion de area
in the healthy and tumor-altered pituitary gland. The findingicuPada por vimentina entre los Grupos 1y II, y entre los

from their study show that healthy pituitary tissue igrupos I y lll. La densidad de &area promedio del marcador

significantly more densely vascularized compared to tumoj—FAP es mayor en |a cohorte mas joven. No se observaron

. L iferencias estadisticamente significativas entre los grupos
altered tissue (adenoma). Within the adenomas themse'.vgr?alizados al comparar los resultados. El andlisis estadistico

there is no statistically significant d.n"feren.ce in the dens'tyevelé una diferencia estadisticamente significativa en la
of blood vessels compared to the histological type of tuUmQfensjgad de vasos sanguineos entre el Grupo |y el Grupo II.
tumor size, age, and patient sex (Auer, 1994). Thanks to {hg cantidad de pinealocitos y astrocitos disminuye con el
introduction of anti-angiogenic therapy, the density of bloogempo, como lo demuestra la reduccién en la positividad de
vessels is an important prognostic and therapeutic facton#s células GFAP-positivas. La positividad para vimentina
today’s medicine. Much attention is paid to the density afemuestra el aumento en la proporcién de estroma a lo largo
blood vessels in malignancies of the breast, colon, uterds| proceso de envejecimiento. Ademas, el aumento en la
head, and neck (Sharnea al, 2005). A semi-automated densidad de vasos sanguineos, identificado por anti-CD34, es
method involves computer software that facilitates samplelativo a su localizacion dentro del estroma, que se vuelve
analysis (Auer, 1994; Romeed al, 2000). predominante con el tiempo.

Applied software solutions and digital technologies PALABRAS CLAVE: Humano; Glandula pineal;

will be able to remove the subjectivity of researchers anAMentina; GFAP; Vasos sanguineos; Envejecimiento.
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