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Abstract: The progress of knowledge regarding the functional anatomy of amygdaloid neuronal complex structures,
discovered in 1819 by Karl Friederich Burdach, has been very intense in the last 95 years due to frequent research-work performed
on lab animals, but very seldom on man. In the present work, we aim at evaluating the phenotypical transformations of neurons,
blood vessels and microglia in human biological material in senescence. The investigation was performed on ten human
encephala drawn from senescent subjects, 6 men (aged 68 to 80) and 4 women (aged 69 to 80). The study was carried out by the
forensic pathologist using specific tools, in two successive stages: macroscopy and microscopy. In the macroscopic stage, we were
interested in the access pathways in order to visualize the location and evaluation of the amygdaloid neuronal system. Microanatomy studies were based on the double nature of neuron – interstitium and their biunivocal partnership. In our casuistics we
have identified two partnership systems: between neurons and microglial cells on the one hand, and blood vessels and microglial
cells on the other. We noticed that the ”microglial cell structure” is the common factor in the two partnership systems. This
evidence shows the part played by microglial cells in processes of phenotypical transformations of neurons and blood cells, with
obvious implications in psychopathology.
Key Words: amygdaloid neuronal complex, microglia, hemato-encephalic barrier, neuron degenerescence, senescence,
Alzheimer’s disease.

INTRODUCTION
In 1819, Karl Friedrich Burdach [1], a German
neuroanatomist și neurophysiologist, discovered a grey
matter conglomerate in the dorso-medial part of the
temporal lobe and in the vicinity of the inferior horn of
the lateral ventricle. He called this “amygdala” because of
its resemblance to the fruit of the almond tree.
International Anatomic Nomenclature first
confirmed Burdach’s “amygdala” under the name
“nucleus amygdalae” (Basel Nomina Anatomica, 1895)
[2], but later on it was found that this formation consists
of a bunch of nuclei and a new term was adopted: “corpus

amygdaloideum” (Nomina Anatomica Parisiensia,1955
[3] and International Anatomical Terminology, 1988 [4]).
The Federative Committee on Anatomical Terminology
(1988) also recommends the term “amygdaloid complex”.
We shall use the term “amygdaloid neuronal complex” in
order to avoid terminological confusion with ”lymphoid
system of pharyngeal amygdalae”.
The first micro-anatomic study was performed
by K.F.Burdach himself (1819) [1]. He described, in
man, a group of neurons later termed “baso-lateral
nuclear complex”. Trully remarkable progress was made
in 1923, i.e. 104 years after its discovery, through studies
of micro-anatomy on mammals: the marsupial Oposum,

1) University of Medicine and Pharmacy of Craiova, 5th Department, Craiova, Romania
2) University of Medicine and Pharmacy of Craiova, Department of Anatomy, Craiova, Romania
3) Romanian Academy of Medical Science, Bucharest, Romania
4) University of Medicine and Pharmacy of Craiova, Doctoral School, Craiova, Romania
* Corresponding author: E-mail: dragoigs@gmail.com
103

Marinescu I. et al. Phenotypical transformations of neurovascular structures in amygdaloid neuronal complex in senescent people

bat, rabbit (Johnston,1923) [5], cat (Fox 1940) [6], mouse
(Crosby și Humphrey, 1941 [7]; 1944 [8]), monkey
(Lauer, 1945) [9], rat and cat (Krettek and Price, 1978)
[10]. Extra information on nucleus groups and their
intrinsic and extrinsic connexions was rendered evident
through experimental studies: temporal lobectomy in
monkey (Klüver and Bucy, 1937) [11], targeted ablations
and electrical stimulation of the nuclei in the neuronal
complex in monkey (Weiskrantz, 1956) [12] and cat
(Gloor,1955 [13], Egger 1963 [14]).
The scarcity of studies on amygdaloid neuronal
complex in senescent human material made us approach
this topic with special interest. The micro-anatomic
analysis of the interactions between microglia, neurons
and blood vessels was carried out by the forensic
pathologist by means of specific tools.
MATERIALS AND METHOD
Materials
Macroscopic visualization and microscopic study
of the amygdaloid neuronal complex were carried out on
10 senescent human encephala drawn from 6 men (aged
68, 70, 72, 75, 77, 80) and 4 women (aged 69, 74, 78, 80).
Method
Macro-anatomic study was carried out on
postmortem encephala fixed in 0,9% saline solution and
5% formaldehide for 48 hours. Long-term preservation
was done in 0,9% saline and 10% formaldehyde.
Macroscopic visualization was performed by cutting the
encephala in frontal, paramedian sagital and horizontal
planes following the next guidelines: Infundibulum
neurohypophysis from the optopeduncular space for
the frontal section; the pontine origin of the trigeminal
nerve or of Flocculus of the flocculonodularis lobe for
the paramedian sagittal planes and Fissura transversa
cerebri (Bichat) for the section in horizontal plane.
Micro-anatomic analysis and evaluation of the synergic
phenotypical transformations of pyramidal neurons,
blood vessels and microglial cells were carried out on
5 micron serial sections, stained in hematoxylin-eosin,
Trichrom Masson, van Gieson, Per-Iodic Acid Schiff
(P.A.S.) and Congo red.
Macro-anatomy was performed by Prof.
Gheorghe S. Drăgoi with a Digital Camera Canon Eos
1Ds Mark II equipped with Macro Ultrasonic Lens EF 100
mm, F2,8. Micro-anatomy was done on a Nikon Eclipse
80i microscope. Images were taken with Nikon DS Fi1
Digital Camera, using soft Nis-Element AR 3.2 64 bit.
RESULTS
The anatomic study was carried out in two
stages: macroscopic and microscopic. Macroscopic study
helped in identifying the access pathways to visualize
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the location and relatioships of the amygdaloid neuronal
complex on the one hand, and to establish the guidelines
for the drawing of fragments for the micro-anatomic
study on the other. Micro-anatomy was based on the
double nature of neuron – interstitium, formulated by I.
Bertrand (1923) on the ”biunivocal partnership” between
pyramidal neurons, microglia and blood vessels.
A. Macro-anatomic analysis
The amygdaloid neuronal complex was
visualized macroscopically on the frontal (coronal)
and paramedian sagittal sections in the cerebral
hemispheres. Frontal section analysis enabled the
identification of the amygdaloid neuronal complex
as a grey matter conglomerate situated in the dorsomedial part of the temporal lobe, in the vicinity of the
terminal part of the inferior horn of the lateral ventricle
and adjacent to the hippocampus (Cornu Ammonis)
(Fig. 1A). The comparative study of the amygdaloid
neuronal complex in the two hemispheres, right and
left, in our casuistics revealed the following features: 1).
unequal right/left-side volumes by the hypertrophy of
the left-side amigdaloid neuronal complex in 3 of the
female encephala and by the hypertrophy of the rightside amigdaloid neuronal complex in 4 male encephala;
2). the absence of the right-side amigdaloid neuronal
complex in one female encephalon and of the left-side
amigdaloid neuronal complex in two male encephala.
Examination of the paramedian sagittal sections
ensured extra certainty in evaluating the location
and the relationships of the amygdaloid neronal
complex. It appears in the temporal lobe, in front of the
hippocampus and in direct connection with the inferior
horn of the lateral ventricle (Fig.1B).
B. Micro-anatomic analysis
The micro-anatomic study was carried out on
the structures of two systems of biunivocal partnership:
between the pyramidal neurons and microglia (Neurono
- microglial partnership system) on the one hand, and
blood vessels and the microglia (Micro-glial partnership
system) on the other.
In the neuron - microglial partnership system
we easily identified the phenotypical transformations
of pyramidal neurons and of the microglial cells. The
pericaryons of the pyramidal neurons have festooned
membrane cells, vacuolized neuroplasm, hypertrophic
nucleus with marginalized nucleole and caryoplasm
with heterogenously distributed granulation. The
perineuronal microglial cells are hypertrophic. They have
discontinuous cell membranes, vacuolized cytoplasm
and contain a variable number of syncitial-like nuclei
(Fig. 2).
In the vasculo - microglial partnership system
we identified phenotypical transformations of the blood
vessels, of the Virchow-Robin perivascular spaces and of
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Figure 1. Macroanatomic localization and relationships of amygdaloid neuronal complex in man. 1.Hippocampus
proprius (syn.Cornu ammonis). 2. Lateral part of the transverse fissure. 3. Fimbria hippocampi. 4. Globus
pallidus. 5. Putamen. 6. Amygdaloid neuronal complex. 7. Ventriculus lateralis-cornu inferior. 8. Ventriculus
lateralis-Atrium. 9. Digitationis hippocampi. 10. Subiculum. 11. Sulcus hippocampalis (syn.Uncal sulcus).
A.Frontal plane section (coronal). B. Paramedian sagittal section. Fixation in 0.9% saline solution and 10% formaldehyde.
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Figure 2. Phenotypical transformations of the structures in neuron-microglia partnership system. 1. Blood capillary in stasis. 2.
Perivascular microglia. 3. Virchow-Robin perivascular space. 4. Pyramidal neurons in partnership with microglia. 5. Pyramidal
neuron. 6. Marginalized nucleol. 7. Hypertrophic nucleus 8. Fenestrated cell membrane. 9. Nucleus in vacuolized caryorexis. 10.
Neuroplasm with granulations heterogenously distributed. 11. Neurons in apoptosis. 12.Mononuclear microglia. 13. Microglial
syncitium. 14. PAS-positive cytoplasm neuron in apoptosis. Trichrom Masson stain (A-E ; H, I). Per-Iodic Acid Schiff P.A.S.)
stain (F,G). x70 (A); x140 (D); x280 (B,E,G); x420 (C,F,H,I).
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the perivascular microglial cells. Blood capillaries – cut
at variable angles/planes with regard to the longitudinal
axis of the vessel – are scarce in the microscopic fields
examined, have a synusoidal trajectory and a tight lumen
because of the hypertrophic endothelial cells (Fig.3).
Subendothelial basal membrane is thickened by
the hyperplasia of collagen fibres and has lots of „buds”
that are much like the cones of axon growths. These buds
participate in angiogenesis through these endothelial
cells. The pericytes visible at the blood capillary
periphery have a hypertrophic spheroid nucleus. They
are surrounded by thick fascicles of collagen fibres
(Fig.4).
Precapillary arterioles and postcapillary venules
contain hypertrophic endothelial cells and the mid-tunic
is thickened by fascicles of picrofuchsinophile collagen
fibres. These fascicles have a homogenous structure
on the segments stained by van Gieson method and
look like ”vascular collagenose”. The Virchow-Robin
perivascular space is vacuolized, divided and contains
microglial cells (Fig.5)
DISCUSSION
Senescence is a factor of risk for
neurodegenerative diseases through the activation
of microglial cells within the partnership systems,
i.e. pyramidal neurons and/or blood vessels. It is of
common knowledge that microglia plays an important
part in the homeostasis of the central neuronal system
in ontogenesis, senescence included. We evaluated the
phenopypical transformations of the structure in the
partnership system of microglia plus pyramidal neurons
and blood vessels.
Microglia is the anatomic factor that exits in both
systems. In 1880, Franz Nissl, a German psychiatrist and
neuropathologist opened the road to the knowledge of
microglial cells which he identified and associated with
the macrophage. In 1892, Victor Babeș [15], a Romanian
bacteriologist and morphopathologist, was the first
to notice the formation of fascicles of microglia-like
cells in cases of rabies. In 1920, del Rio Hortega [16],
a Spanish neuropathologist and pupil of the famous
Santiago Ramon Y Cajal, invented the term ”microglia”
and is seen as the father of this micro-anatomic entity. In
1988, Hickley and Kimura [17] found that perivascular
microglia cells originate in the bone-marrow and serve to
carry the antigen.
Rio Hortega’s assumption according to which
microglial cells work like the macrophages due to the
presence of the antigen and their capacity of phagocytosis
is confirmed. Gherman et al. (1996) [18] advanced the
idea that microglial cells are immunoeffectors at the level
of the central neuronal system. The former are capable of
recognizing foreign bodies, phagocytate them or act as
antigen carriers that activate lymphocytes T. The amoeba-
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like cells of the microglia are capable of phagocytating
cell remains or cells in apoptosis. Perivascular microglial
cells promote the proliferation of endothelial cells of
precapillary arterioles and blood capillaries, enhancing
angiogenesis.
Our research points to the central part played by
microglial cells in the phenotypical transformations of
neurons and/or blood vessels. In the partnership system
between neurons and microglial cells variation of form,
structure and the relationships with the pyramidal neurons
are dictated by the phenotypical transformations recorded
at the level of neuronal membrane, neurocytoplasm and
nucleus. Perineuronal microglia, mononuclear in the first
stage, appears anatomically attached to the pericaryon.
The partnership of microglial cells and pericaryon
develops towards a process of syncitial transformation
and neurophaging implication. In the partnership
between blood vessels and microglial cells phenotypical
transformations at the level of the hemato-encephalon
barrier were found: the cells of the vascular endothelium,
subendothelial basal membrane, pericytes and microglial
cells.
These phenotypical transformations are
involved in disturbing the stability of microcirculation
by affecting the blood flow and intervene in angiogenesis.
We believe they are markers of neuro-degenerescence
by pre-senility, senility and Alzheimer’s disease, with
implications in processing behavioral and cognizance
algorhythms. The pathogenesis in Alzheimer’s disease
is still unclear as the mechanism of neuronal loss is
not known yet. The amyloid hypothesis is based on the
disbalance between the production of and the clearance
of the beta-amyloid that leads to the formation of amyloid
plaques, neuronal degenerescence and dementia (Hardy
si Solkoe, 2002) [19]. Recent studies in the pathogenesis
of the disease maintain the role of oxydative stress,
mitochondrial disfunction and calcium hemostasis that
precede the formation of amyloid plaques (Nunomura
et al. 2001) [20]. In this context, we need to consider the
implications of the phenotypical transformations within
the hemato-encephalic barrier in the morphopathology
of the disease.
				
CONCLUSIONS
1. The variety of the phenotypical transformations
in the structure of senescent amygdaloid neuronal
complex is induced by the changes of relatioships
and interactions between neurons, blood vessels and
microglial cells, in accordance with the neuro-interstitial
duality law;
2. These transformations are based on the
biunivocal partnership between neurons and microglial
cells within the relationship between neuroglia on the
one hand, and the blood vessels and the microglia in the
relationship between vessels and microglia on the other;
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Figure 3. Phenotypical transformations of the structures in the blood vessels – microglia partnership system. 1. VirchowRobin perivascular space. 2. Pyramidal neurons. 3. Longitudinally sectioned blood vessels. 4. Longitudinally sectioned vein. 5.
Postcapillary venule. 6. Blood capillary. 7. Mononuclear microglia. 8. Capillaries in discontinuous trajectory. 9. Erythrocytes.
10. Microglial syncitium. 11. Binucleated microglial cells. 12. Compartments of the Virchow-Robin perivascular space. 13.
Discontinued blood capillary trajectory (Angiophagy). 14. Vascular apoptosis. 15. Endothelial cell. Trichrom Masson stain x 28
(A), x70 (B,C,E), x 280 (E), x 420 (D, F-I).
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Figure 4. Synergic phenotypical transformations of the hemato-encephalon barrier within the amygdaloid neuronal complex:
vascular endothelium, subendothelial basal membrane, percytes and microglial cells. 1. Longitudinally sectioned blood vessel. 2.
Microglia. 3. Endothelial cell nucleus. 4. Virchow-Robin perivascular space. 5. Hypertrophic pericyte. 6. Erythrocyte. 7. Thickened
subendothelial basal membrane. 8. Microglial syncitium. 9. Vascular apoptosis. Trichrom Masson stain. x140 (A), x420 (B-I).
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Figure 5. Vascular colagenosis in the senescent amygdaloid neuronal complex. 1. Longitudinally sectioned postcapillary venule.
2. Thick collagen fibre bundles. 3. Virchow-Robin perivascular space. 4. Perivascular microglia. 5. Blood capillary. 6. Pericyte
surrounded by collagen fibre bundles. 7. Newly formed blood vessel. 8. Microglial cells that confer a perivascular syncitial aspect.
9. Closed vascular lumen. 10. Homogenization of picrofucsinophyle collagen fibre bundles. Trichrom Masson stain (A – F). Van
Gieson stain (G-I). x70 (A), x140 (G,I), x280 (C), x420 (B,D,E,F,H).
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3. The element existing in both partnership
systems in the senescent amygdaloid complex is the
microglia involved in processes of neuronophagia,
angiophagia and angiogenesis with further implications
in the pathogenesis of pre-senility, senility and
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Alzheimer’s disease.
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