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Abstract ; Midbrain vascular casts of the Lylei’s flying foxes (Pteropus Iylei) were prepared by
infusion of Batson’s No. 17 plastic mixture into the blood vessels and examined by stereomicroscopy and
scanning electron microscopy. Histological study of the midbrain was also performed. It was found that the
midbrain of Lylei’s flying fox was supplied by the branches of the vertebrobasilar system. These branches
gave off the penetrating arteries, which coursed radially into the internal part of the midbrain toward the
cerebral aqueduct. These arteries could be divided into anteromedial, anterolateral, posterolateral and
posteromedial groups, according to the points of entry and supplying areas. The arterics ramified into
arterioles and capillaries, respectively. The density of the capillary network in the midbrain was closely
related to the density of the nerve cells in midbrain nuclei. Less vascularity was found in the areas occupied
by nerve fibers. The arterial anastomoses could be observed on the surface of the midbrain. The venous
drainage in the midbrain could be divided into three major groups according to the areas of drainage.
Firstly, anterior or petrosal group drained the blood from the areas ventral to cerebral aqueduct into the
superior petrosal sinns. Secondly, the superior or galenic group emptied the venous blood from the
thalamocollicular and dorsal aqueductal veins into the great cerebral vein of Galen and rectus sinus,
respectively. Thirdly, the posterior group collected blood from the collicular veins into the rectus sinus.
Finally, both rectus and superior petrosal sinuses drained into the external jugular vein and partially into
the internal jugular vein.
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INTRODUCTION

Bats, elassified in the order of Chiropter, are
the only mammals that can fly like birds, Chiroptera
can be divided into two suborders; the suborder
Megachiroptera (fruit-bat) and the suborder
Microchiroptera {insect-bat). The large fruit-bats
found in Thailand are called Lylei's flying foxes
(Pteropus tyle) (Figure 1), They have large eyes and
small ears,”™ To locale places and obstacles, they use
visual function, whereas the inseci-bats use hearing
function.'* The midbrain or mesencephalon is a part
of brain stem situated beiween the diencephalon and
the pons. It contains many nuclei and fibers which
have important functions in visual and hearing
pathways.®” Regarding the midbrain vascularity, it
is nourished by branches from the arterial circle of
Willis.* As the three-dimensional configuration of
the midbrain vascular system is difficult to visualize
by histological methods using light microscopy, it is
of interest to employ vascular corrosion cast
technique in conjunction with scanning electron
microscopy (SEM) to elucidate the midhrain
microvasculariza-tion in Lylei’s Mying lox (Pleropus
Iylet),

MATERIALS AND METHODS
Fifteen adult Lylei's flying foxes {Preropus
Ivleiy of both sexes, weighing between 250-260 g,

were vsed for this study. Under chloroform
anesthesia, the thoracic cage of each animal was cut
to expose the heart. Then 0.05 ml of heparin (Leo
5,000 iu/ml) was immediately injected into the left
ventricle to prevent blood elotting. The left ventricle
was cannulated with an 183G needle and the right
alrium was then cut. The blood was washed out from
the vessels by perfusion of 500-1,000 ml of 0.9%
MaCl, via the canula. The injection of Batson’s No.
17 plastic mixture and the preparation of midbrain
vascular casts were carried out according to the
methods previously deseribed.®" The midbrain
vascular casts were cross-sectioned with razor blade
under a stereomicroscope. Each cast was mounted
on a metal stub and coated with carbon and gold/
palladium before examining and photographing it
under siereomicroscope and SEM at accelerating
voltage of 15 kV.

In addition, the midbrain from animals
without plastic injection were fixed in Bouin’s
fixative, dehydrated in a graded series of ethanol,
sectioned at 7 pm thickness and stained with 1%
Cresyl Violet for simultaneous visualization of the
various areas in the midbrains,

RESULTS
The largest part of the brain stem in the
Lylei’s flying fox was midbrain. [t could be divided
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into three regions: tectum, fegmentum and crus
cerehri. Tectum was dorsally covered by occipital
poles of cerebral hemispheres and cerebellum (Figure
1), It contained superior and inferior colliculi, The
superior colliculi were relatively larger than the
inferior ones (Figures 2, 3). The superior collicular
region was characterized by six laminated layers
{strata) of nerve cells and fibers, This region could be
subdivided into zonal layer, superficial gray layer,
optic layer, intermediate gray and white layer, deep
gray layer and deep white layer that was adjacent 1o
the periaqueductal gray (Figure 9). There were
multipolar cells within the various tectal layers. The
second region of the midbrain was tegmentum,
located between collicular eminences dorsally and
the basal portion ventrally. This part of the midbrain
was composed of many nuclei and Nbers (Figures 7,
93, The crus cerebri situated on the ventral surface of
the midbrain containing descending fibers of motor
tracts from cerebral cortex (Figures 7, 9).

The study with vascular corrosion cast
technigue revealed that internal carotid and
vertebrobasilar systems supplied the Lylei's flying
fox brain. It was obvious that the blood supply of the
midbrain in Lylei's flying fox was from the posterior
communicating artery (PCoA) of the internal caratid
artery (ICA) and branches of the vertebrobasilar
system, namely the basilar artery (Ba), anterior
cerebellar artery (ACe) and posterior cerebral artery
(PCA) (Figures 4, 19). However, the branches from
the PCA were the major sources (Figures 4, 19). These
branches gave off the penetrating arteries, which
coursed radially into the internal part of the midbrain
toward the cerebral aqueduct, These arteries were
divided into anteromedial, anterolateral, posterala-
teral and posteromedial groups, according (o the
points of entry and supplying areas (Figures 8, 10-
12). The anteromedial group consisted of the
paramedian branches which were the direct
perforating branches of the basilar bifurcation,
proximal segment of PCA (P1) and ACe (Figures 4,
8). The anterolateral group received from the ACe
and penetrating branches of P1 segment of PCA
{(Figures 8, 12). The penetrating branches of the
posterolateral or lateral group were the direct
branches from the initial portion of the collicular
and median posterior choroidal arteries (MPChA)

(Figures 8, 1{}), The branches lorming the posterome-
dial or posterior group came {from the ACe, collicular
arteries (ColA) of posterior portion of secondary
portion of PCA (P2P) and MPCha (Figures 8, 10). It
was noted that a characteristic of these penetrating
branches was their centripetal direction (Figure 8).

In the anteromedial group, the paramedian
branches entered the midbrain in a fanlike manner to
supply the medial part of the midbrain. They
distributed in the areas of interpeduncular fossa (IF),
crus cerchri and tegmentum, Finally, they ended at
the wventral part of the cerebral agueduct. The
oculomotor nuclear complex was supplied by the
paramedian thalamomesencephalic branches, The
right and left paramedian branches ran in the IFF and
penetrated the midbrain at right angle near the
midline. They ran in parallel to each other in the
dorsal direction to reach the floor of the cerebral
agueduct and also ran in curve, arcuate and passed
laterally belore entering the oculomotor nerve
nuclear complex. They embroced the area correspon-
ding 1o the medial side of the red nucleus and also
supplied the nucleus of the troclear nerve, medial
longitudinal fasciculus (MLF) and decussation of
superior cerchellar peduncles. The collateral
circulations ameng the arteriolar branches of the right
and the left paramedian arteries were observed.
Amaong the three parts of the midbrain, the tegmentum
wis the most vascularized area as it contained many
nuclel or groups of neurons, The tectum, dorsal o
the cerebral aqueduct, did not received the blood
{rom arteries of this group but from the posterior group
(Figures 4, 8, 113,

The anterolateral group consisted of the
penetrating branches of ACe and P1 segment (Figures
4, B). These penetrating branches supplicd the crus
cerebri, and some of them passed through the crus
cerebri to supply the substantia nigra (SN), lateral
sides of red nucleus, oculomotor and trochlear nerve
nuclei. It was noted that the arieries of this group do
not reach the cerebral agueduct (Figures 4, 8, 11},

The posterolateral group was composed of
the penetrating branches of the initial portions of the
collicular and MPChA arteries that supplied the
lateral part of the crus cerebri, lateral lemiscus and
lateral part of the tegmentum (Figures 8, 12




Siriraj Hosp Gaz

Vol. 55, No. 11, November 2003 638

Microvascularization of the Midbrain in Lylei’s
Flying Fox ( Pleropus Iylei)
Sirinush Sricharognved, et al,

The posteromedial group was composed of
the penetrating branches from the ACe, collicular
artery of P2P and MPChA. The posteromedial group
save off branches to penetrate the colliculus (tectum)
(Figures 8, 10} Many small arteries were seen
piercing the surface of the colliculus and ended at
various levels that related 1o the arrangement of the
layers of superior colliculus (Figures %, [10). The
dense vascularization was seen in the superficial gray
layer, intermediate gray and white layer, and deep
gray layer.

Ohserving the vascular corrosion cast under
SEM at high magnification, revealed the arterial
anastomnoses on the surface of the midbrain (Figure
17 Alter originating from the parent arteries on the
surface of the midbrain, the arterial branches could
be divided into two sets of penetrating arteries. The
superficial set branched into artericles and a capillary
network in the superficial layer of the superior
colliculus, The set of longer arteries went deeper and
ramified into a capillary network in the deep and
periaqueductal gray layers, It is evident that 3 to 4
microvascularization layers could be observed
(Figures 10, 13, 143, After branching from the parent
artery at the surface of the midbrain, the penetrating
arteries rapidly redoced their diameters into arterioles
and capillaries, respectively (Figures 13-17). The
density of the capillary network in the midbrain was
closely related o the density of the nerve cells in the
midbrain nuclei. Less vascularity was found in the
area occupied by nerve fibers (Figures 7-12) At
higher magnification, there was no fenestration on
the vascular cast of the capillary network (Figure 18),

The venous blood from the capillary
network was collected into small venules (Figures
17-193, The small venules then drained into
tributaries of veins and large veins on the surface of
the midbrain, The venous blood from the tegmentum
and crus cerebri (ventral part of cerebral agueduct)
drained into the collecting veins that were larger than
the accompanying arteries (Figures 5, 15, 17), The
collecting veins emptied the blood into the basal
vein (BV) (Figures 5, 6, 19). The BV ended at the
junction between the superior petrosal and transverse
sinuses (Figures 5, 6, 19). It continved on the lateral
side of the cerebral peduncle and bifurcated at the
level caudal to the medial geniculate body before

entering the superior petrosal sinus in the anterior or
petrosal group.

The capillaries in the central part of the
midbrain around the periaqueductal gray and the
oculomotor nuclear complex collected the venous
blood upward and dorsally into the lateral and dorsal
aqueductal veins (Figures 17, 19). These joined with
the thalamocollicular vein laying on the edge
between the superior colliculus and thalamus. The
thalamocollicular vein recieved the blood from the
BV, which connected to the superior petrosal sinus
and encircled the midbrain beneath the MPChA
(Figures 5, G, 19). The thalamocollicular vein drained
into the great cerebral vein of Galen and the rectus
sinus in superior and galenic group, respectively,

Small veins on the dorsal surface of the
caudal part of superior colliculus drained the venous
blood directly into transverse sinus, At the junction
between the superior and inferior colliculi, there were
two small veins running and joining each other at
the midline before draining the blood into the dorsal
aqueductal vein. After joining, they ran upward along
the midline and connected to two or three veins of
the colliculus at the caudal end of the quadrigeminal
plate to form the collicular vein (Figures 5, 19). The
collicular vein collecied the venous blood from both
colliculi into the rectus sinus in the posterior group.
Finally, the venous blood from both rectus and
superior petrosal sinuses drained mainly into the
maxillary vein before entering the external jugular
vein and partially into sigmoid sinus before entering
the internal jugular vein (Figures 6, 19).

DISCUSSION

The midbrain of the Lylei’s flying fox is
relatively very large when compared with the whaole
brain siem. The dorsal surface of the midbrain is not
visible from the dorsal aspect because it is covered
mostly by the occipital pole of the cerebral
hemispheres, This feature is common in all
mammalian members of orders Marsupialia,
Rodentia, Logomaorpha and Primates.'® The internal
structure of the Lylei's flying fox midbrain can be
divided into tectum, tegmentum and crus cerebri as
in other mammals™ as well as in man."*'® The tectum
or rool consists of four prominences called corpora
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Figure 1.

Figure 2.

Figure 3.

Figure 4,
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Photograph of the Lylei's flying fox brain, dorsal view, after removal of the left cerebral and cerebellar
hemispheres, illustrating the dorsal aspect of the midbrain and related structures. Cerebral cortex
{ChC), cerebellum (Chl), thalamus (Th), superior colliculus (SC) and inferior colliculus (1C). Bar=
Fmm.

Photograph of the Lylei’s flying fox brain, lateral view, after removal of both cerebral and cerebellar
hemispheres, illustrating the lateral aspect of the midbrain and related structures, Superior colliculus
(5C), inferior colliculus (1C), thalamus (Th) middle cerebellar peduncle (MCP) and medial geniculate
body (*). Bar=235 mm,

Photograph of the midsagittal section of the Lylei’s flying fox brain, illustrating the midbrain and
related structures. Cerebral cortex (ChOC), cerebellum (Chbl), thalamus (Th), superior colliculus (SC),
inferior colliculus (IC), pons (P) and interpeduncular fossa (). Bar =35 mm.

H e T ; :
Stereomicrograph of the vascular corrosion cast, showing the main arterial supply of the Lylei's
flying fox brain. Vertebral artery (Ve), basilar artery (Ba), basilar bifurcation (*), posterior cerebellar
artery (PCe), internal carotid artery (ICA), anterior cerebellar artery (ACe), posterior cerebral artery
(PCA), proximal part of the PCA (P1), anterior portion af secondary part of PCA (P2ZA), posterior
portion of secondary part of PCA (P2P), posterior communicating artery (PCoA), anterior
communicating artery (ACoA), middle cerebral artery (MCA), anterior cerebral artery (ACA), Bar=
Smm.
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Figure 5. Photograph of the vascular corrosion cast of left half midbrain and right hemisphere in the Lylei’s
flying fox midbrain, dorselateral view, showing inferior sagittal sinus (IS5), great cerebral vein of
Galen (GVG), rectus sinus (RS), collicular vein (ColV), basal vein (BV) and transverse sinus (TS).

Figure 6.

Bar=35 mm.

Photograph of the vascular corrosion cast of the venous drainage of midbrain in the Lylei’s {lying
fox, dorsal view, showing basal vein (BY), superior petrosal sinus (SPS), external jugular vein (EIV)

and internal jugolar vein (IIV). Bar =5 mm,

Figure 7.

Stereomicrograph of the rostral midbrain
in the Lylei’s flying fox, cross section,
demonstrating the three major regions and
internal structures, Tectum (Tect), tegmen-
tum (Teg), crus cerebri (*), substantia
nigra (SN}, medial geniculate body
(MGB), cerebral agueduct (CA), oculo-
motor nerve (1171 and interpeduncular
nucleus (IpN}, Bar= 1 mm

Figtre 8 Stereomicrograph at high magnification

of the vascular corrosion cast of the Lylei’s
flying fox rostral midbrain, cross section,
anteromedial (AM), anterolateral (AL),
posterolateral (PL) and posteromedial
(PM) groups, proximal part of the PCA
(1}, anterior partion of secondary part of
POA(PZA), posterior portion of secondary
part of PCA (P2P), dorsal aqueductal vein
(DAgV), superior colliculus (SC), oculo-
motor nuclear complex (OCC), Edinger-
Westphal nucleus (EW), red nucleus (R),
interpeduncular nucleus (IpN) and crus
cerebri (%), Bar= | mm.
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Figure 9. Stereomicrograph of the rostral midbrain Figure [0, SEM of the vascular corrosion cast of the

in the Lylei's fving fox, cross section,
demanstrating internal structures. Six
layers of superior colliculus (1-6), crus
cerelri (%), medial geniculate body (MGB)
substantia nigra (SN}, cerebral agueduct
(CA), periagueductal gray (CG), oculomo-
tor nuclear complex (OCC), Edinger-
Westphal nucleus (EW), red nucleus (R},
and interpeduncular nucleus (IpN), Bar =
1 mm.

o
s L

1 mm
Pt

Figure 11, SEM of the vascular corrosion cast of the

midbrain in the Lylei’s flying fox, show-
ing the left tegmentum of superior
colliculus, anteromedian group (AM),
aculomotor nuclear complex (OCC), red
nuclevs (R, Bar = 1,000 pm.

midbrain in the Lylei's flying fox, show-
ing the six layers of left superior collicu-
lus. Zonal layer (1), superficial gray layer
(2}, optic layer (3), intermediate gray and
white layer (4), deep gray layer (5) and
deep white layer (63, Bar= 1,000 pm,

Figure 12. SEM of the vascular corrosion cast of the

midhrain in the Lylei's flying fox,
showing the anteromedial (AM), antero-
lateral (AL), posterolateral (PL) groups,
red nucleus (R, Bar = 500 pm.
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Figure 13. SEM of the vascular corrosion cast of the Figure 14. SEM of the vascular corrosion casts of

midbrain in the Lylei's flying fox, the midbrain of the Lylet’s {lying fox
showing the posteromedial group (PM). showing the arterioles (a), venules (v) and
Bar= 1,000 pm. capillary plexus {Cp) in anterolateral

group. Bar =350 pm,

j O A . : - » 8 S0um

Figure 15, SEM of the vascular corrasion cast of the Figure 16, SEM of the vascular corrosion cast of the

Lylei’s flying fox midbrain, high magni- Lylei's flying fox midbrain, dorsal
tication showing arlery (A}, arterioles (a), aqueductal vein (V), capillary plexus (Cp).
venules (v). Bar = 100 ym. Bar =50 pm,
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Figure 17. SEM of the vascular corrosion cast of the Figure 18. 5EM of the vascular corrosion cast of the
midbrain in the Lylei's flying fox, show- non-fenestrated capillary of the Lylei's
ing the anastomosis of collicular surface flying fox midbrain, Bar = 5 pm.

(%) between arleriole (a), artery (A), and
venule (v}, Bar= 1(H pm,

Figure 19, Diagram of the Lylei's flying fox brain, illustrating the arterial supply and the venous drainage of
the midbrain. 1. Superior sagittal sinus 2. Inferior sagittal sinus 3. Sigmoid sinus 4. Internal
cerebral vein 5. Thalamocollicular vein 6. Collicular vein 7. Dorsal agueductal vein 8. Rectus
sinus 9. Great vein of Galen 10. Cavernous sinus 11, Transverse sinus 12, Maxillary vein 13,
Internal jugular vein 14, Basal vein 15, Superior peiresal vein 16, Inferior petrosal vein 17,
Middle cerebral vein 18, Internal carotid artery 19, Basilar artery 20. Vertebral artery 21. Posterior
cerebellar artery 22, Anterior cerchellar artery 23, Posterior cerebral artery.
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quadrigemina. The larger superior colliculus
continues into the diencephalons on its upper end,
The smaller inferior colliculus connects to the pons
at its lower border. The superior colliculus in the
Lylei's flying fox is remarkably large and well
developed with distinctively differentiated layers,
the same as in commaon tree shrew."™ Among
mammals, the best development with very distinet
layers can be ohserved in Lylei’s flying foxes as well
as in gray squirrels,”' rat,'' and cat.® Some animals
have a common rapid locomotive behavior and
arboreal niche such as flving lemur, squirrel and tree
shrew, therefore their superior colliculus is very large.
Unlike in prosimian and insectivorous mammals, the
superior colliculus is relatively small and less
differentiated. The well-developed superior
colliculus in the Lylei's flying fox indicates the
correlated functions of the eyes more than that of the
cars. This evidence is an important criteria in the
classification of Chiroptera, 1t is indicated that this
kind of bats does not depend entirely upon the hearing
sensation, but that its light requires a good sense of
vision to locate the places and obstacles ahead.'?
The tegmental nuclei of the Lylei’s flying foxes
related to the visual function are well developed.
These nuclei are the oculomotor, trochlear and
Edinger-Westphal nuclei.® The red nucleus in the
Lylei's flying fox is an egg-shaped structure like in
other mammals. 73

The major cerebral artery of the brain in
Lylei's flying fox is similar to that in man.” These
branches arise from the ICA and the vertebrobasilar
systemn that form the complete arterial circle of Willis.
The main sources of the arterial supply to the
midbrain in Lylei's lying foxes are [rom the branches
of the vertebrobasilar system. They are the basilar
bifurcation, superior cerebellar, PCA, MPChA and
ColA similar to those of man,*"*% guinea pig,”*
dog’! and common tree shrew.” The midbrain of
the submammalian vertebrates such as fishes,
amphibians, reptiles and birds are supplied by
branches from the caudal division of the ICA® In
higher mammals, "% man,* common tree shrew”
as well as in the Lylei’s flying foxes, the PCA is the
major source of blood supply to the midbrain. This
artery in the rat* and man®'~* usually originates from
the Ba. In the human embryo, the PCA arises as a
branch of ICA 24515

The PCA in Lylei's flying foxes can be
divided into four segmenis as in common tree shrew
and man 284 The P1 segment of the PCA, or
mesencephalic artery, is the segment that is situated
between the proximal portion of the PCA extending
from the basilar bifurcation to PCoA 24434550 The
P1 segment of the PCA gives the direct perforating
arteries in the interpeduncolar fossa and supplies the
midline region. Then, they send the short and long
branches to encircle the midbrain and give the smaller
branches to penetrate the midbrain at right angle into
the tissues and reach the cerebral agueduct. The
penetrating arteries exhibit a radial pattern as appears
in man,*'*%¥1% guinea pig,®* dog,*" anuran,”
common tree shrew” and submammalian vertebrates.®
The general radial pattern of the internal vascularity
as seen in the midline of the Lylei's llying foxes can
be observed in all vertebrates including primates,

The arlerial supply of the Lylei’s flying fox
midbrain is divided into anteromedial, anterolateral,
posterolateral and posteromedial groups according
to their points of penetration and the territories that
they supply. The origins of the arteries and the arterial
vascular territories in the midbrain and brain stem
give basic information leading to the understanding
of various syndromes.**5 The arteries of the
posteromedial group supply large territories when
compared with those of other groups. The internal
arrangement of this group can be observed as a
capillary plexus in many areas corresponding o the
cytoarchitectonic strata of the superior colliculus,
This is also evidence in cat,™ anuran,™ common tree
shrew” and man.*'*

The superficial layer reveals the highest
vascular density of the capillary networks. [t has been
suggested that a lot of neurons in this layer are
associated with visual activities, ™55 Tt is evident
that there is a close relationship among cytoarchitec-
ture, richness of the capillary networks, and the
neuronal activity., The penetrating arterioles
terminate inlo capillary networks as observed in all
mammals, especially in the primates. In opossums
and marsupials, however, the capillary networks are
not present, and capillary loops are found instead™.
In addition, the capillaries in the midbrain of the
Lylei’s Ilying foxes are without fenestration.
Fenestrated capillaries have been reported in the
early-developed chicken optic tectum.™
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With the light microscopic study of the
midbrain paraffin sections in parallel with those of
the midbrain vascular cast sections, it was obvious
that the midbrain nuclei of the Lylei's flying fox,
located in the tegmentum, had a large blood supply.,
This finding is also true in common tree shrew,’ dog™
and guinea pig,” Dense vascularity could also be
seen in the ceulomotor nuclear complex, red nucleus,
trochlear nucleus and interpeduncular nuclei, The
less vascularized areas were the crus cerebri and lateral
part of the midbrain, These areas contained
predominantly nerve fibers. It is quite certain that
the degree of vascularity depends on the density of
nerve cells.

The venous drainage of the midbrain in the
Lylei's Mying fox is quite similar to that in common
tree shrew” and man®' "' bhut somewhat different from
the guinea pig® and dog.”™" In man and in the
common tree shrew, the venous drainage in the
midbrain can be divided into anterior or petrosal,
superior or galenic and posterior groups®™® as in the
midbrain of the Lylei's flying foxes. It is noted that
the basal vein in the Lylei’s flying foxes drains the
venous blood into both petrosal and galenic groups
but predominantly into the great cerebral vein of
Galen as in the common tree shrew” and man. #6047
However, in the dog, this vein drains mainly into the
superior petrosal sinus.® The collicular or
quadrigeminal veins of the Lylei’s flying foxes drain
the venous blood into the rectus sinus as in the
commoen tree shrew, but in man this vein flows into
the great vein of Galen.**™

The Lylei's flying Tox (Preropus Iyled) has
been classified as a member of the suborder
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