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Abstract 
The central nervous system is considered the most complex morphological structure of the human body. Between nervous tissue and 
cerebral circulation is a very close relationship, so transient vascular meningocerebral disturbances cause changes in neuronal function 
clinically expressed as various neurological signs and symptoms, especially in the elderly. In this study, we examined from the histological 
and immunohistochemical point of view encephalon fragments collected from 24 patients aged between 46 and 85 years. All patients 
exhibited changes in meningocerebral vessels, ranging from atheromatous plaques to vascular rupture. Immunohistochemical techniques 
have shown changes in the vascular endothelium, smooth muscle fibers of arterial walls and blood-brain barrier disruption. 

Keywords: meningocerebral vessels, atheromatosis, particular microvascular changes, blood-brain barrier. 

 Introduction 

The central nervous system is considered the most 
complex morphological structure of the human body. 
The human brain represents, on average, 2% of the body 
and yet consumes about 18–20% of the total oxygen  
for an individual at rest [1]. The central nervous system 
is the most sensitive and the most critical in the human 
body, when it comes to changes in oxygen and 
metabolites. Therefore, to maintain the neuronal 
functions, there are a multitude of regulatory 
mechanisms that maintain very strict limits in some 
concentrations of ions Na+, K+, Ca2+, as well as cerebral 
blood flow. 

Between the nervous tissue and blood vascularization, 
there is a very close interdependence so that transient 
disturbance of meningocerebral vascularization leads to 
changes of neural functions clinically expressed as 
various neurological signs and symptoms. 

Recent researches bring more and more into question 
the idea that the basis for the development of any 
neurological disorders is represented by the changes in 
the cerebral blood supply. This assumption is valid, 
especially in the elderly, due to the discontinuous and 
inadequate supply of oxygen and glucose. Therefore, 
the most common conditions specific to persons over 
the age of 65 years, such as stroke, Alzheimer’s disease, 
Parkinson’s disease or other neurodegenerative diseases, 
are the result of progressive and cumulative damage to 
the vascular system. 

With age, meningo-cerebral vessels exhibit athero-
sclerosis phenomena frequently affecting large and 
medium-sized arteries, involving also the vessels from 

the Willis polygon [2, 3]. Cerebral atherosclerosis, 
cerebral small vessels disease and amyloid angiopathy 
are the most common blood disorders of the brain in  
the elderly that can lead to an ischemic or hemorrhagic 
stroke [4, 5], Parkinson’s disease and Alzheimer’s 
disease [6, 7]. 

In this study, we decided to look into some of the 
immunohistochemical and histological aspects of the 
brain in the elderly who died by various neurological 
and non-neurological disorders, that would explain the 
pathology of these categories of patients. 

 Materials and Methods 

For the histopathological and immunochemistral 
study, 24 samples of brain tissue were collected from 
patients aged between 65 and 85 years. Of these, 15 
died because of an ischemic or hemorrhagic stroke, and 
the rest died because of various other conditions. 

The biological material was collected during necropsy 
in the Pathology Laboratories of the Emergency County 
Hospital and of the Clinical Hospital of Neuropsychiatry, 
Craiova, Romania. 

Brain tissue samples, including those from patients 
with ischemic stroke, were collected from the stroke area, 
distant areas as well as the contralateral hemisphere. 

Samples were fixed in 10% neutral formalin for 
about five days, and then processed for the histological 
technique of paraffin embedding. 

For the histological study, we used the Hematoxylin–
Eosin stain as well as Goldner–Szekely trichrome and 
Orcein stain. 

R J M E
Romanian Journal of 

Morphology & Embryology
http://www.rjme.ro/



Andreea-Lorena Enache et al. 

 

1044 

For the histological study, we used 4-μm thick serial 
sections cut using a rotary microtome (Microm HM350) 
equipped with a waterfall based section transfer system 
(STS, Microm). 

Sections were stained with Hematoxylin–Eosin, 
Goldner–Szekely’s trichrome or Orcein. 

For the immunohistochemical study, sections were 
cut using the same equipment, but with a thickness of  
3-μm. Sections were collected on poly-L-lysine coated 
slides, dried in a thermostat at 370C for 24 hours in 
order to obtain a perfect adhesion of the biological 
material to the surface of the histological slide, and then 
stained using different antibodies (Table 1). 

For single immunohistochemistry, after antigen 
retrieval, sections were cooled down to room temperature 
and were incubated for 30 minutes in a 1% hydrogen 
peroxide solution. 

The sections were next washed in PBS, followed  
by a blocking step of 30 minutes in 2% skim milk.  
Next, the slides were incubated with the primary 
antibodies overnight at 40C, and the next day, the signal 
was amplified for 30 minutes using a peroxidase 
polymer-based secondary detection system (EnVision, 
Dako). 

The signal was detected with 3,3’-diaminobenzidine 
(DAB) (Dako) and the slides were coverslipped in DPX 
(Fluka) after Hematoxylin counterstaining. 

The sections were imaged with a Nikon Eclipse 55i 
microscope (Nikon, Apidrag, Romania) equipped with a 
5-megapixel cooled CCD camera. 

Images were captured and archived using a Nikon 
frame grabber and the Image ProPlus 7 AMS software 
(Media Cybernetics Inc, Buckinghamshire, UK). 

Table 1 – Antibodies used in the study 

Antibody Manufacturer Clone Host / Target / Clonality Antigen retrieval Dilution 

Anti-CD31 Dako JC70A Ms / Hu / Monoclonal 
Sodium citrate,  

pH 6 
1:100 

Anti-SMA Dako 1A4 Ms / Hu / Monoclonal 
Sodium citrate,  

pH 6 
1:100 

Anti-GFAP Dako – Rb / Hu / Monoclonal 
Sodium citrate,  

pH 6 
1:30 000 

 

 Results 

The microscopic study of brain vessels revealed for 
all the elderly subjects studied, numerous changes in 
vessel wall and caliber. 

In larger caliber vessels, we found the presence  
of atheromatous plaques involving up to 2/3 of the 
vascular wall. As can be seen on our images, the 
atheromatous plaques developed in the arterial intima 
through synthesis and deposition of a heterogeneous 
acidophilic material with variable tinctoriality. The 
structure of the atheroma consisted of fine fibers of 
collagen with a various layout, hyaline material, foamy 
cells and cholesterol crystals. On classical stains, there 
were several poorly stained or unstained areas, possible 
areas with larger fatty accumulation, including cholesterol 
(Figure 1). 

The atheromatous plaque developed mostly in the 
subintimal layer distorting the vascular wall. Analysis of 
high power microscopic images allowed us to observe 
that the vascular wall was discontinuous, and beneath 
the basal membrane of the endothelium, there was a band 
of fibrillary material of varying thickness consisting 
mainly of collagen. 

The muscular layer underlying the atheromatous 
plaque was thinner and heterogeneous, being responsible, 
together with the fibroblasts in the subendothelial layer 
for the synthesis of the fibrillar component of the 
plaque. Foamy cells were represented by macrophages 
that have endocytated-increased amounts of lipids and 
lipoproteins. Very rarely, we identified lymphoplasmo-
cytic cells within the structure of the atheromatous 
plaque. 

In some areas, along with the denudation of the 
endothelium covering the plate, we found some 
microscopic ruptures in the fibrous coating through 

which the atherogenic material within the plaque could 
possibly pass into the blood flow. 

Atheromatous lesions were common in branching or 
curved segments of the vessels where the vascular wall 
suffered major changes in velocity and direction of 
blood flow. Hemodynamic stress buildup on a specific 
area and blood turbulence are factors predisposing to the 
formation of plaques in cerebral vessels and their main 
smaller branches. 

In certain medium size cerebral vessels, both 
meningeal and intraparenchymatous, we highlighted  
the irregular thickening of the vascular wall and 
replacement of the subendothelial layer with fibrous 
tissue, on account of an elevated collagen production, 
with concentric pattern around the vascular lumen 
(Figures 2 and 3). 

In the case of intra-parenchymatous arterioles and 
metarterioles, the significant increase in the thickness of 
the media is achieved through the synthesis and 
deposition of collagen fibers and hyaline material 
mostly in the muscular layer associated with partial or 
total loss of myocytes at this level (Figures 4 and 5).  

These histological changes led to the transformation 
of the arterioles and metarterioles in rigid tubes unable 
to react to endogenous or exogenous stimuli controlling 
the blood flow. 

Other specific changes of intraparenchymatous 
cerebral vessels observed in our study were the presence 
of vascular spurs (Figure 6), obstacles that change the 
flow and activity of the cerebral vessel due to the non-
homogenous proliferation of fibroblasts and the non-
homogenous synthesis of collagen fibers with the 
tendency towards the division of the blood vessel and 
formation of subsequent images called sequence of 
vessels. In other five cases, we noted the presence of 
cerebral vessels with irregular winding trajectories and 
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uneven thickening of certain areas of the vascular wall 
(Figures 7 and 8) while in two other patients we noticed 
microvascular thrombosis (Figure 9). 

In some meningocerebral vessels, we found massive 
disorganization of the vascular wall with thickening of 
the internal layer through deposition of collagen fibers 
in the subintimal layer and dissociation of the rest of the 
vascular wall giving a particular aspect, that of a 
double-layered vessel as shown in Figure 10. 

Orcein staining enabled us to notice that the internal 

elastic limitant was thickened in large caliber vessels, 
with early stage atherosclerosis, and on the contrary, 
disorganized, fragmented, in medium or small size vessels 

with advanced atherosclerosis and arteriolosclerosis 
(Figure 11). 

In some patients, the arterioles and metarterioles 
showed deposits of calcium salts (Figure 12), which 
signifies a drastic reduction in elasticity of the vascular 
system in the brain, especially in elderly, with major 
clinical expression. 

 

Figure 1 – Atheromatosic plaque of a cerebral artery 
(HE stain, ×100). 

Figure 2 – Arteriole with deformed wall, intense 
arteriosclerosis and massive perivascular edema 
(Goldner–Szekely’s trichrome stain, ×200). 

 

Figure 3 – Leptomeningeal arteriole with fully fibrosed 
lumen (Goldner–Szekely’s trichrome stain, ×400). 

Figure 4 – Metarteriole with unevenly thickened wall 
and early stage adventicial involvement (Goldner–
Szekely’s trichrome stain, ×200). 

 

Figure 5 – Arteriole with thickened wall by collagen 
fibers with complete disappearance of the muscle layer 
(Goldner–Szekely’s trichrome stain, ×200). 

Figure 6 – Leptomeningeal vessel with intense process 
of arteriosclerosis and the presence of a spur in the 
lumen (HE stain, ×100). 
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Figure 7 – Arteriole with advanced arteriosclerosis 
with irregular winding trajectory and walls rich in 
collagen (Goldner–Szekely’s trichrome stain, ×100). 

Figure 8 – Venule with thickened wall and perivascular 
hemorrhage (HE stain, ×100). 

 

Figure 9 – Full-wall thrombosis for a metarteriole (HE 
stain, ×200). 

Figure 10 – Meningeal arterioles with disorganized 
wall and double contour (Goldner–Szekely’s trichrome 
stain, ×100). 

 

Figure 11 – Microscopic appearance of the internal 
elastic lamina – double-layered (Orcein stain, ×200). 

Figure 12 – Arteriole with irregular lumen and uneven 
thickening of the wall with deposits of amorphous 
material (HE stain, ×100). 

 

In small size vessels, metarterioles, capillaries and 
venules, we have often noticed discontinuities of the 
vascular wall (Figure 13) with the emergence of 
hemorrhagic subfusions in the Virchow–Robin space, 
massive perivascular edema and colabated vessels 
denoting the existence of circulatory and/or local 
important metabolic disorders that affect the normal 
functionality of the intraparenchymatous cerebral 
vessels. 

Immunostaining for α-SMA and CD31 highlighted 

major changes of the vascular wall, which are the 
thickening of the intima, with large deposits of collagen 
fibers in the media and the replacement of smooth 
muscle cells with their migration towards the 
adventiceal layer, and major implications of the three 
tunics in the progression of atherosclerosis. Changes  
of the vascular endothelium view by CD31 immuno-
labeling comprised the presence of cracks, ruptures, 
detachments of the subendothelial layer from the 
internal tunic (Figure 14), all consequences of the 
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powerful vascular stress disrupting the blood-brain 
barrier. 

Alpha-SMA immunolabeling enabled us to discover 
the various changes of the muscle layer from one patient 
to another and from one vessel to another, even for  
the same patient (Figure 15), which consisted in the 
reduction of the number of myocytes until their 
complete replacement or collapse of the entire muscle 

layer when the entire vascular wall suffered important 
changes in shape (Figure 16). 

Double immunostaining for CD31 and GFAP allowed 
us to note the disruption of the blood-brain barrier in the 
capillaries, metarterioles and venules, with rupture of 
astrocytic extensions and the development of variable 
quantities of perivascular edema and reactive gliosis 
(Figures 17 and 18). 

 

Figure 13 – Meningeal vessel with disintegrated 
endothelium. Bleeding in the Virchow–Robin space 
(Goldner–Szekely’s trichrome stain, ×200). 

Figure 14 – Interscisural arteriole with intimal layer 
detached from the rest of the discontinuous vascular 
endothelium (CD31 immunohistochemical stain, ×200). 

 

Figure 15 – Venule with discontinuous wall and micro-
bleedings in the Virchow–Robin space (alpha-SMA 
immunohistochemical stain, ×400). 

Figure 16 – Arteriole with collapsed lumen and 
thickened media (alpha-SMA immunohistochemical 
stain, ×400). 

 

Figure 17 – Metarteriole with moderate perivascular 
edema and perivascular astrocytic reaction (CD31 and 
GFAP double immunohistochemical stain, ×100). 

Figure 18 – Arterioles and venules with highly and 
unevenly thickened walls, deposition of collagen fibers 
and perivascular edema. Moderate reaction of glial 
cells in the perilesional cerebral parenchyma (CD31 
and GFAP double immunohistochemical stain, ×100). 
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 Discussion 

In terms of microscopy, intimal thickening and lipid 
accumulation initiate the development of cerebral 
atherosclerosis. Furthermore, intimal proliferation, 
internal elastic lamina division and accumulation of 
cholesterol leads to the generation of atherosclerotic 
plaques, subsequently leading to continued destruction 
of the vascular wall and perivascular accumulation of 
lymphocytes and macrophages [8–12]. 

Numerous studies have attempted to present the 
pathophysiology of these plaques, frequently involving 
a variety of mechanisms, including: 

(1) inflammation, including secretion of cytokines 
(interleukins: IL-1, IL-12, IL-18) [13]; 

(2) the presence of enzymes such as matrix metallo-
proteinases (MMP-1, MMP-9) and neutrophil elastase, 
involved in the degradation of the vascular wall [14, 
15]; 

(3) prompt response to anti-oxidative stress indicated 
by the presence of glutathione S-transferase omega [16], 
and 

(4) changes in the endothelial or vascular intima 
indicated by the occurrence of plasma proteins (α2-
macroglobulin, neutrophil elastase) [17]. 

Even though the literature defines small vessel 
disease by the degenerative changes of the wall of small 
arteries and arterioles, either as a phenomenon called 
arteriolosclerosis or lipohyalinosis, allegedly similar 
processes from the pathogenic point of view [18–20], 
our results showed the presence of both microscopic 
changes in small vessels, except that we only used the 
term arteriolosclerosis given the presence of the same 
risk factors. 

Thus, the term lipohyalinosis is has a different 
definition than arteriolosclerosis, depending on the size 
of the vessel. Arteriolosclerosis/small vessel athero-
sclerosis is defined by the loss of elasticity of the walls 
of small intracerebral arteries and leptomeningeal 
arteries (blood vessels with a diameter between 200  
and 800 μm). Vascular changes at this level include 
endothelial proliferation, division of the internal elastic 
lamina, perivascular accumulation of lymphocytes and 
macrophages. The smaller arteries (with a diameter  
of 40–300 µm) delineate asymmetric areas of fibrosis  
or hyalinosis associated with perivascular foamy cells, 
phenomen called lipohyalinosis. Arteriolosclerosis 
refers to the concentric thickening by means of the 
hyaline material of small arteries (diameter of 40– 
150 µm), leading to a concentric stenosis of the vascular 
lumen [17, 20]. 

Consistent with many other studies that have shown 
that hypertension [21, 22], hypercholesterolemia [23]  
or hyperhomocysteinemia [24] predispose to endotelial 
lesions, which aggravate the aortic compliance with 
subsequent neurological suffering in both the elderly 
and the young, of the total number of our patients with 
histological and immunohistochemical investigation on 
microvasculature, 15 (62.5%) patients showed hyper-
tension, seven (29.16%) patients presented dyslipidemia, 
and other four (16.66%) patients had diabetes mellitus. 

With advancing age, hypertension, the main risk 

factor in our study, is strongly correlated with cognitive 
dysfunction, data also supported by the study of Reitz C 
et al. [25], explained by the injury of the vascular 
system, caused by hypoperfusion, which in turn causes 
ischemia of the white matter and the emergence of 
images leukoaraiosis [26–28]. 

Thus, microvascular analysis correlated with the 
clinical outcome showed that arteriolosclerosis of small 
intracerebral arteries and leptomeningeal arterioles has 
led to a collapse of the vascular lumen, but with 
favorable clinical evolution and delayed death while 
hyalinization of metarteriolar wall was found in the 
elderly with a more fatal prognosis, according to various 
studies [29–32]. 

Amyloid deposits from cerebral and leptomeningeal 
vessels also encountered in our study constitute a reality 
of advanced age and are strongly correlated with dementia 
[33–35], the severity of this disease being strongly linked 
to the extent of the destruction of the vessel wall. 

It is well known that with advancing age, cerebral 
blood flow is reduced in the event of winding small 
vessel development – mainly arterioles, microvascular 
changes also found by us in our study as strongly 
affecting blood circulation in cerebral vessels. In line 
with the majority of the studies carried out so far 
showing that about 80–100% of patients with Alzheimer’s 

disease present with cerebral amyloid angiopathy [19, 
36–38], in our study group, statistically insignificant, 
only one patient with mild cognitive impairment 
presented patchy vascular wall thickenings and amyloid 
deposits in the intraparenchymatous arterioles. 

It is known that meningocerebral vessels, regardless 
of size or caliber, will change shape and length, gradually 
becoming sinuous, winding, or sometimes looking like a 
sequence of vessels [39–43] but research continues to 
emphasize these negative impacts on blood circulation. 

Changes in the permeability of the blood-brain barrier 
either during hypertensive episodes often occurring in 
the elderly, or in connection with a deficient cerebral 
venous blood flow leads to vasogenic edema expressed 
and viewed even at a distance from the injury through 
the massive perivascular edema [41] or the enlargement 
of the Virchow–Robin spaces clinically correlated with 
cerebral lacunarism [44, 45]. 

The diversity of microvascular endothelial injuries 
was highlighted by the three-immunohistochemical 
stainings and a detailed analysis of the components  
of the blood-brain barrier in relation to the physio-
pathologic mechanisms of the atherosclerotic process 
highlighted certain microvascular aspects previously 
presented in accordance with the other studies in the 
literature [46–48]. 

Thus, the finding of certain morphological micro-
vascular changes regarding the shape, caliber and length 
allowed us to consider the hypothesis of vascular 
vulnerability as the main vascular factor in defining the 
poor prognosis, especially for elderly patients, whose 
cerebral blood flow is already altered. 

Therefore, in the hope that our study will provide 
new data on the microvascular morphology associated 
with the elderly, the continuation of the scientific 
research in this area is of critical importance. Both the 
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validation of our hypothesis and its denial can make a 
remarkable contribution to the scientific domain, rapidly 
resulting in a specialized help for the elderly, who can 
benefit from the rigorous scientific study in this field. 

 Conclusions 

Microvascular aspects were heterogeneous for each 
individual patient and from one vessel to another in  
the same patients subjected to the same risk factors 
(hypertension, dyslipidemia, diabetes), with demonstra-
tion of the process of atherosclerosis and hence the 
occurrence of various particular aspects: double layer 
vessels, winding vessels, formation of spurs in the 
lumen, or vascular thrombosis, leading to a faster or 
slower unfavorable evolution. 

The atherosclerotic process allowed the visualization 
of the affected endothelial wall (detachments, cracks, 
microvascular ruptures) with various morphological 
changes of the three tunics, with preponderance of 
intimal and muscular thickenings and visualization  
of atheromatous plaques, or disorganization of the 
adventiceal layer strongly affected by the hemodynamic 
stress. 
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