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BRIEF COMMUNICATION
Microvascular patterns in human medullary tegmentum
at the level of the area postrema
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Abstract

The aim of the present study was to evaluate the regional differences in microvessel density (MVD) of the human
medullary tegmentum in adults and newborns/infants. Transverse serial sections of formalin-fixed, paraffin-embedded
brainstems, taken from 16 adult and eight newborn/infant subjects, were stained with anti-von Willebrand factor
(VWF) polyclonal antibodies. The boundaries of the area postrema (AP), dorsal motor vagal nucleus (DMVN), solitary
tract nucleus (STN), solitary tract (ST) and hypoglossal nucleus (XII) were defined, all vessels were counted and the
values were divided by the areas. In adult cases, statistically significant heterogeneity in MVD was found among
the nuclei studied (P < 0.001). DMVN and AP showed higher MVD with respect to Xll and ST (P < 0.001). The MVD
of STN was lower with respect to DMVN (P < 0.001) and higher with respect to XIl and ST (P < 0.05). The MVD and
capillary density of the AP of newborns/infants were not significantly different with respect to adults. In sections
of the medulla of adult subjects stained with anti-vWF, all vessels showed an intense reaction of endothelial cells
whereas in the DMVN, XII, STN and ST of newborns/infants, only rare, isolated vessels showed anti-vWF reactivity
and in the AP, 41 £ 21% of vessels expressed VWF. Differences in MVD among the nuclei may be related to their
different functions and metabolic demands. Light and heterogeneous expression of VWF in endothelial cells of
newborns/infants indicates that differentiation of microvasculature in the human medullary tegmentum extends
beyond fetal stages.
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portion (Andresen & Kunze, 1994). The hypoglossal

Introduction nucleus (XI), which is located in the tegmentum near

The regulatory centres of cardiovascular and respiratory
functions are located in the medullary tegmentum, i.e.
the area postrema (AP), solitary tract nucleus (STN) and
dorsal motor vagal nucleus (DMNV). The STN receives
multiple visceral afferents through the solitary tract (ST),
with viscerotopical distribution. The cardiovascular and
respiratory afferents impinge on the dorsomedial and
ventrolateral parts, respectively, of the intermediate
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the DMVN, has also been proposed to be involved in
defining patterns of respiration (Friedland et al. 1995;
Macchi et al. 2002).

The microvasculature of the medullary tegmentum
plays a crucial role in the functioning of these nuclei, as
many peptides acting on the AP, such as endothelin,
angiotensin, endorphin and adrenomedullin, are brought
to the nuclei by the blood (Szilagyi & Ferrario, 1981;
Sander et al. 1989; Allen et al. 1997; Nakayama et al.
1997). Their actions are determined in part by the phy-
siological featurers of the microcirculation, which is
characterized by elevated vascular volume and slow
blood flow, prolonging the time of interaction with local
specific receptors (Gross, 1991). This kind of vascular bed,
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characterized by the absence of a blood-brain barrier
and with elevated vascular volume, also favours ionic
and osmotic monitoring of blood (McKinley et al. 2003).
The microvasculature of the AP region also plays a role
in connecting AP and STN. Short communicating vessels
have been identified between these two centres, and a
portal system, by means of which postremal venous
drainage conveys neuroactive factors to STN, has been
proposed (Roth & Yamamoto, 1968; Gross et al. 1991).

Analytical morphometric and functional data con-
cerning the microvasculature of the medullary tegmen-
tum have mainly been reported in experimental studies
on rats (Roth & Yamamoto, 1968; Brizee & Klara, 1984;
Gross et al. 1986, 1990, 1991; Shaver et al. 1990, 1991;
Gross, 1991). The aim of the present report is to provide
information about the microvessel densities (MVD) of
the nuclei of the human medullary tegmentum. Differ-
ences in microvessel phenotypes and densities between
adult and newborn/infant subjects are also presented.

Materials and methods

The study was performed on 24 brainstems sampled
during autopsy from 16 adult subjects (13 male, three
female; age range 33-84 years, mean 38 years) and
eight newborn/infant subjects (five male, three female;
age range 4-120 days, mean 54 days). Autopsy was
performed within 48 h of death. The brain was cut
after fixation in 10% formalin for 15 days. In all cases,
examination revealed the absence of acute, chronic,
localized or diffuse brain lesions. Histological examina-
tion was performed on 5-um-thick transverse serial sec-
tions of the paraffin-embedded medulla. Sections were
stained with haematoxylin-eosin, Nissl, Kluver-Barrera
and azan-Mallory. In each case, 12 sections were collected,
at 100 um from each other, at the level of the AP. They
were stained with anti-von Willebrand factor (vWF) for
detecting small blood vessels.

For immunohistochemical study, sections were hydrated
gradually through decreasing concentrations of ethanol
and then washed in deionized H,0O. Antigen unmask-
ing was performed through trypsin treatment for
10 min. Sections were then incubated in 0.3% hydro-
gen peroxide in deionized H,O to remove endogenous
peroxidase activity and enhance antibody penetration
into the tissue, and then washed in 0.01 m phosphate-
buffered saline (PBS). They were incubated for 30 min
in blocking serum to eliminate non-specific binding.
The blocking serum was made with 0.2% bovine serum

albumin (BSA; Sigma, USA) and normal goat serum (DAKO,
Italy) at a dilution of 1: 200 in PBS. Sections were then
incubated at room temperature for 45 min, with poly-
clonal antibody raised in rabbit against human vWF
(DAKO, code A 0082) at a dilution of 1 : 8000 in PBS. After
primary antibody incubation, sections were washed in
PBS three times for 5 min, incubated at room tempera-
ture for 30 min with anti-mouse and anti-rabbit serum
(Universal Immuno-Peroxidase Polymer, Histofine, Japan),
placed in 3,3’-diaminobenzidine (DAB; Sigma, Italy)
containing H,0,, and finally counterstained with hae-
matoxylin. Sections incubated without the primary
antibody showed no immunoreactivity.

For each section stained by immunohistochemistry,
all the vascular structures in the context of the AP, STN,
ST, DMVN and Xll were counted. The boundaries of
these centres were defined according to Paxinos &
Huang (1995) and McRitchie et al. (1990) (Fig. 1). Data
regarding the interstitial subnucleus of STN, which is
located within the context of ST, were counted with
STN. For DMVN, dorsal and medial fringes were not
considered. Vascular structures were considered those
with positive reaction and a visible lumen or well-defined
linear vessel shape. The MVD of the above-mentioned
nuclei were calculated in each section by dividing the

Fig. 1 Schematic drawing of a transverse section of human
medulla and a histological image of medullary tegmentum,
showing boundaries of districts examined: area postrema
(AP), solitary tract nucleus (STN), solitary tract (ST), dorsal
motor vagal nucleus (DMVN) and hypoglossal nucleus (XI1)
(haematoxylin-eosin, x4).
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number of vessels by the area, obtained with the help
of image analysis software (Qwin Leica Imaging System,
Cambridge, UK). The mean MVD, with standard devia-
tions, were calculated for each case and for the entire
sample. In order to evaluate differences in MVD among
the nuclei, a one-way anova and Tukey’s multiple com-
parison test were performed. P < 0.05 was considered
to be statistically significant. For each nucleus, statisti-
cal analysis of the linear correlation between MVD and
age was also performed (P < 0.05 was considered to be
statistically significant).

As regards AP, capillary density was also calculated.
For each section, vessels with luminal diameter of less
than 7 um were separately counted and the value was
then divided by the area. The capillary density of AP was
also calculated for each case and for the entire sample.

In newborn/infant specimens, preliminary evaluation
of immunohistochemical staining showed positive ves-
sels almost exclusively in the AP, so that quantitative
evaluations were performed only for this district. For
each section of the AP, vessels and capillaries with
positive reaction were separately counted and divided,
respectively, by the total number of visible vessels and
capillaries to determine the percentage of vascular
positivity and capillary positivity. The mean percentages
of positivity were then calculated for each case and for
the entire sample. An unpaired Student’s t-test was
performed to verify any differences between the per-
centages of vascular and capillary positivity. P < 0.05
was considered to be statistically significant.

MVD and capillary density, with standard deviations,
were also calculated for each case and for the entire
sample, following the same procedure described for
adults, but taking into account all vascular structures,
both positive and negative at immunohistochemistry,
with a visible lumen or well-defined linear vessel shape.
An unpaired Student’s t-test was performed to verify
any differences in MVD and capillary density in the AP
between adults and newborns/infants. P < 0.05 was
considered to be statistically significant.

Results

In sections of the medulla of adult subjects stained with
anti-vWF, all vessels showed an intense reaction of
endothelial cells. Thus, for detecting vascular structures,
immunohistochemistry with anti-vWF proved as
effective as staining with anti-CD31 (Porzionato et al.
2004).
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The one-way anova revealed that the differences in
MVD among the nuclei were statistically significant (P <
0.001). The DMVN showed the highest value of MVD,
corresponding to 149 + 84 mm~2. Tukey'’s test revealed
significant differences when comparing this value to
that for STN (97 £ 32 mm™, P < 0.001), ST (59 £ 21 mm~,
P <0.001) and XIl (61 £ 25 mm™, P < 0.001). The differ-
ence in MVD between DMVN and AP (123 £ 36 mm™)
was not statistically significant (P > 0.05).

The MVD in the AP was higher than in ST (P < 0.001)
and Xl (P < 0.001). The difference in MVD between AP
and STN was not statistically significant (P > 0.05). Within
the context of the AP, clusters of vessels grouped together
were frequently found. The AP showed a capillary den-
sity of 48 £ 26 mm™, corresponding to a percentage of
capillaries of 45 £ 18%.

Differences in MVD between STN and ST (P < 0.05)
and XII (P < 0.05) were statistically significant. However,
there was no statistically significant difference in the
MVD between ST and XII (P > 0.05) (Fig. 2).

No significant statistical correlation between MVD
and age was found.

In sections of medulla of newborn/infant subjects,
staining with anti-vWF was weaker and only a few
vessels showed positive reaction. Rare, isolated vessels
were stained in STN, ST, DMVN and XII. The AP showed the
highest percentage of positivity, with 41 + 21% of ves-
sels stained at immunohistochemistry (Fig. 3). Immuno-
positivity in capillaries was significantly less (34 = 19%)
than that in non-capillaries (48 + 25%).

The MVD in the AP of newborn/infant subjects was
114 + 50 mm™. Moreover, the AP showed a capillary
density of 55 + 32 mm, corresponding to a percentage
of capillaries of 50 £ 15%. There were no statistically
significant differences between adult and newborn in
either the MVD or the capillary density in the AP.

Discussion

Microvascular specializations and differences in capil-
lary densities have been observed in the dorsal medulla
of rats (Gross et al. 1990, 1991; Gross, 1991; Shaver et al.
1991). Shaver et al. (1991) found that the AP had higher
capillary density than STN and DMVN, and also that the
dorsal and medial zones of AP had higher values of
capillary density than lateral or ventral zones. In the
STN, higher capillary density was found in the medial
subnuclei with respect to dorsal strip subnuclei and
commissural subnucleus (Gross et al. 1991; Shaver et al.
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1991). In addition, the microvessels of the medial
complex of the STN showed fenestrated capillaries
with wide Virchow-Robin spaces, suggesting specialized
microvascular mechanisms increasing the blood-sensing
properties of STN (Gross, 1991).

In our study, heterogeneity in MVD among nuclei of
dorsal medulla was found, partially in analogy to find-
ings in rats. DMVN and AP showed higher values of
MVD with respect to XIl and ST. MVD of the AP was
in agreement with the value obtained in a previous
study with anti-CD31 immunohistochemistry (114.5 mm™)
(Porzionato et al. 2004). STN showed lower MVD with
respect to DMVN and higher MVD with respect both to
ST and to XILI.

This microvessel heterogeneity may be ascribed to
the different metabolic demands of the nervous struc-
tures involved or to particular functions of microvascu-
lature in blood-tissue exchanges. Although Gjedde &
Diemer (1985) stated that brain capillaries are related
to metabolic demands, in that they are basic units with

Fig. 2 Sections of medullary tegmentum
from an adult subject, stained
immunohistochemically for von
Willebrand factor, showing higher
microvessel density in area postrema
(A, x16) and dorsal motor vagal nucleus

¥ (B, x16) with respect to hypoglossal

4 " nucleus (C, x16) and solitary tract

nucleus (D, x16).

the same characteristics in all parts of the nervous
system, the differences in the microvasculatures of the
nuclei of the dorsal medulla found in our study were
also related to their differing functions. Thus the high
MVD of AP and STN may be ascribed to the role of
microvasculature in favouring the local action of neuro-
peptides and in blood monitoring. Instead, differences
in MVD between DMVN and Xll are ascribed to differ-
ing metabolic demands. In particular, the higher relative
MVD of DMVN with respect to that in rat indicates the
peculiarity of human medullary microvascularization.
Between adult and newborn/infant subjects, no
statistically significant differences were found in MVD
or percentage of capillaries. Developmental changes in
the capillary densities in various brain structures have
been studied in rat (Zeller et al. 1996). A significant
increase was found in most grey matter districts between
the 10th and 20th postnatal days, in relation to increased
functional activity. The homogeneity of microvessel
and capillary densities in the AP of newborn/infant and
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Fig. 3 (A) Section of area postrema of an
adult subject, stained with anti-von
Willebrand factor, showing positive
reaction of all vessels (x20). (B) Area
postrema of an infant subject, showing
coexistence of positive (arrowheads)
and negative (arrows) vessels (x25).

(C) Section of solitary tract nucleus of
adult, with positive staining of all
vascular structures (anti-von Willebrand
factor, x25). (D) Vessel in solitary tract
nucleus of infant, showing negative
staining at immunohistochemistry
(anti-von Willebrand factor, x40).

adult subjects found here is ascribed to its early initial
development.

With regard to hypo-expression of vVWF by endothelial
cells in newborn/infant subjects, Tonnesen et al. (1985)
found that expression of VWF was scant in the blood
vessels of fetal skin, bright but focal in newborns, and
intense and almost confluent in adults. On the basis of
these findings, VWF was considered to be a marker of
endothelial cell differentiation. Expression of this pro-
tein has also been studied in neovessels of neoplastic
tissues that are not completely differentiated. Sawada
et al. (1988) and Unger et al. (2002) reported that vWF
is poorly expressed in proliferating immature endothe-
lial cells of brain tumours and ascribed this finding
partly to the microenvironment of brain tumours.
Zeller et al. (1996) reported developmental changes in
endothelial cell gene expression in rat AP, with decreasing
Glut1 staining at the 5th and 10th postnatal days. In

© Anatomical Society of Great Britain and Ireland 2005

Microvascularization of human medullary tegmentum, A. Porzionato et al. 409

w“

>l =l -
P T

. - — n
. - = ' \\‘
r B J- -~ & |
v -

u' X - .2 .h‘
- i ‘-.__ - ol o .
J e .‘ - ‘ L]

g ’- a " l.“ I I‘b .

Thd - 4 P

= el & @ .

- s Jatiet
K5 o

; -
4 . o -: "
.
|
- -
b
- -
- -
\ l
>
: ¢
il
LY -
- -
a
-
L™
o D £l -

our newborn/infant cases, the almost absent expres-
sion of VWF in the STN, DMVN and Xll indicates that this
protein is normally expressed in a later period. It may
be hypothesized that the process of morphological and
functional differentiation of microvasculature in the
human central nervous system extends, at least as regards
some characteristics, beyond fetal stages in the first
months of life.

Besides varying in relation to vascular maturation,
expression of VWF has also been shown to vary between
differing blood vessels and vascular beds. For instance,
itis highly expressed in venules with respect to arterioles
and, conversely, is less expressed in hepatic and splenic
sinusoids (Aird et al. 1997). In our newborn/infant cases,
VWF was differently expressed in the AP, where 41 £21%
of vessels stained positively, and in tegmental nuclei,
where rare, isolated vessels stained. The capillary vascular
bed also showed a percentage of positivity that was
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statistically insignificant with respect to non-capillaries.
This finding supports heterogeneity in vWF gene regu-
lation in endothelial cells of various regions and vascular
beds. It has recently been proposed that tissue-specific
endothelial cell gene expression is controlled by multi-
ple signalling pathways arising from the microenviron-
ment and interacting with intracellular transcriptional
networks (Aird et al. 1997; Ribatti et al. 2002; Scavelli
et al. 2004). Further studies should evaluate how the
microenvironment of the AP, with its peculiarities among
the districts of the dorsal medulla, may influence
(besides being influenced by) the morpho-functional
characteristics of the microvasculature.
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