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CHURAIRAT DUANGCHAN : MICROVASCULARIZATION OF
THE MIDBRAIN IN COMMON TREE SHREW (Tupaia glis). THESIS ADVISORS
: REON SOMANA, M.D., Ph.D., BOONSIRM WITHYACHUMNARNKUL, M.D.,
Ph.D., WISUIT PRADIDARCHEEP, Ph.D. 101 p. ISBN 974-664-139-5
The study of the midbrain in the common tree shrew (Tupaia glis) with
vascular corrosion cast under a stereomicroscope and a scanning electron microscope
(SEM) reveals that the midbrain is supplied by the branches of the vertebrobasilar
system which are the basilar artery bifurcation, posterior cerebral, superior cerebellar,
medial posterior choroidal and collicular arteries. They give off the penetrating
arteries which radially course into the internal part of the midbrain and reach the
cerebral aqueduct. This is the centripetal arrangement. The internal artery of the
midbrain is divided into anteromedial, anterolateral, lateral and posterior groups
according to the points of entry and territories that they supply. The penetrating
arterioles terminate as capillary networks. The degree of capillary density in the
midbrain is closely related the density of the nerve cells that accumulate in the areas of
the midbrain nuclei. Less vascularity is obvious in the areas occupied by nerve fibers.
The arterial anastomoses could be observed in the perimesencephalic or external part
of the midbrain. The midbrain capillaries are without fenestrations. The venous
drainage in the midbrain could be divided into three groups. The venous blood from
the area ventral to the cerebral aqueduct drains into the tributaries of the veins of the
anterior or petrosal group. The posterior group collects the venous blood from the
collicular vein and the superficial vein of the quadrigeminal plate. The superior or
galenic group receives the blood from the thalamocollicular, the lateral and dorsal
aqueductal veins that empty the venous blood into the great cerebral vein of Galen,
rectus sinus. Finally, the venous blood from both rectus and superior petrosal sinuses

drain mainly into the external jugular vein and some into the internal jugular vein.
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CHAPTER1

INTRODUCTION

The midbrain or mesencephalon is a part of brainstem situating between the
diencephalon and pons. The caudal limit of the midbrain is represented by the
decussation of superior cerebellar peduncles and trochlear nucleus, while the rostral
part of the red nucleus, oculomotor nucleus and posterior commissure form the rostral
limit (1). It consists of tectum, tegmentum and crus cerebri. The midbrain contains
important nuclei, many ascending and descending fibers (2). Concerning the midbrain
vascularity, it is nourished by branches from the circle of Willis. In submammals, the
midbrain is supplied by only caudal division of internal carotid artery (3). In primitive
and higher mammals, it receives the arterial blood from branches of the
vertebrobasilar system, namely, basilar, posterior cerebral and superior cerebellar
arteries (4). In human, the pattern of arterial supply in the internal portion of the
midbrain could be divided into median and paramedian (antreomedial), anterolateral,
lateral and posterior groups depending on their points of entry and areas that they
supply (5, 6, 7). The midbrain blood supply has been reported in human (1, 5, 7),
camel (8), cat (9), dog (10, 11, 12) and guinea pig (13, 14). It is quite similar among
these species. The venous drainage is some what different and with minimal
information.

So far, the knowledge concerning the midbrain vascularity has been focused
on the main blood vessels. As the three-dimensional configuration of the midbrain

vascular system is difficult to visualize by the histological study with light microscopy
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(LM). The vascular corrosion cast technique using intravascular injection of casting
medium in conjunction with scanning electron microscope (SEM) has been employed
for detailed studies of the microangioarchitecture in various visceral organs in the
field of anatomy (15). It is of interest to employ this technique to elucidate the
midbrain microvascularization in common tree shrew (Tupaia glis), an animal

regarded as a primitive primate (16, 17, 18, 19).
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CHAPTER 11

OBJECTIVES

As very little information concerning the detail vascularization of the midbrain
has been reported, it is of interest to elucidate the gross anatomy, source of blood
supply, ramification of the blood vessels within particular parts and

microvascularization of the midbrain in commom tree shrew (Tupaia glis).
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CHAPTER III

LITERATURE REVIEW

The midbrain consists of three major regions. They are tectum, tegmentum and
crus cerebri. The tectum composes of four rounded prominences, the corpora
quadrigemina. The upper two prominences are the superior colliculi or optic tectum in
non-mammalians. The tectum is the laminated structure containing many layers of
cells and fibers. The dendrites of many cells orientate in a radial fashion and the axons
course in parallel to the surface. The colliculus lamination could be divided into
superficial, intermediate (central) and periventricular zones (2). In human, the superior
colliculus is subdivided into five strata. They are stratum zonale, stratum griseum,
stratum opticum, stratum lemnisci and stratum profundum (20). The superior
colliculus receives multiple inputs which terminate in the different zones and relating
mainly to the head and eyes movements (2).

The two lower prominences are inferior or posterior colliculi or torus
semicircularis in non-mammalians. It has three main divisions, namely, central
nucleus, collicular cortex and peri-collicular tegmentum (21). The inferior colliculus
is the site for the termination of auditory pathways, a center for correlation and control
reflex in response to sound.

The second region of the midbrain called tegmentum situates ventrally to the
tectum with the cerebral aqueduct being in between. It contains the rostral connection

areas with the hindbrain, ascending and descending fibers, cranial nerve nuclei
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(oculomotor, trochlear and mesencephalic trigeminal nuclei), red nucleus,
interpeduncular nucleus, MLF and reticular formation. The midbrain tegmentum is the
gateway for incoming and outgoing to and from the forebrain.

The third region is called crus cerebri. It is separated from the tegmentum by
substantia nigra and made up principally of efferent fibers from the motor cortex,
corticospinal and cortibulbar tracts (2). The right and left crus cerebri are separated by
interpeduncular fossa (IF) (22). The substantia nigra (SN) is a layer of gray substance
consisting of the melanin containing neurons and producing dopamine. It composes of
zona compacta and zona reticulata being the important part of the extrapyramidal
system (23).

Embryologically, the midbrain is derived from the mesencephalic vesicle
during the fourth gestation week and undergoes less change than any other parts of the
developing brain. The tectum is formed by the migration of the neuroblasts from alar
plates. The neuroblasts from the basal plates give rise to groups of neurons in
tegmentum. The substantia nigra may also be differentiated from the basal and alar
plates. The crus cerebri becomes progressively more prominent as descending fiber
groups pass through the developing midbrain (24). In addition, the embryonic
development of the cerebral vascularization had been proposed by Kaplan (25). The
constant relationship of the cerebral artery to the specific vesicles of the neural tube,
the direction and position of arteries are governed by the anatomic location of the
cellular masses (25). The arterial development of the midbrain is limited by branches

of the vertebrobasilar system (26).
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The arterial supply the human midbrain is very complex because it is
significantly contributed by posterior cerebral artery (PCA) in addition to basilar
artery (BA) and superior cerebellar artery (SCA) (1, 27). The rostral midbrain is
supplied by branches of mesencephalic artery which is the distal division of BA. The
branches of PCA and SCA nourish the caudal midbrain (25). The internal or
penetrating artery of the midbrain has a relatively fixed pattern. The internal
consistency was noted as early as 1873 by Duret (5) but lacking in the details of the
exact point of entry, internal course and area of distribution. The internal arteries
could be divided into several groups according to the points of entry and areas that
they supply them (5, 6, 7). The internal or penetrating arteries could be concluded as
following:

1. The paramedian group (anteromedial) is nourished by the perforating
branches arising from the most distal BA that called mesencephalic artery (25), the
proximal or Pl-segment of PCA. (28, 29), the pars basalis (30), the basilar
communicating artery (31) and the basilar bifurcation (32). The perforating arteries of
this group are also branches of the initial portion of SCA (33). They run dorsally in
the IF and penetrate near the midline (5). They are named median and paramedian
branches (30), interpeduncular profunda (34), paramedian mesencephalic pedicle
(35), paramedian peduncular artery (31, 36), posterior perforating of Gillilan
(37) and mesencephalic perforating artery (29, 38). In addition, Percheron classified
the paramedian artery as inferior paramedian mesencephalic artery (IPMA),
superior paramedian mesencephalic artery (SPMA) and posterior

thalamoperforating artery (PThA) (7, 33, 39). This group of arteries is well known
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as “Paramedian thalamo-mesencephalic artery of Percheron” that commonly arises
together as a single trunk and also supplies the thalamus (40).

2. The anterolateral group comprises the peduncular branches of collicular and
accessory collicular arteries (28, 33, 41), posteromedial choroidal artery (PMChA) (7,
41), anterior choroidal artery (30), P-2 segment of PCA (42) and short circumferential
artery (6). In addition, the arteries of this group may also arise from posterior
communicating artery (PCoA), a lesser extent from SCA or even the BA (7). Branches
of this group supply crus cerebri and adjacent parts of the midbrain (42) and the
multiple small arteries terminate within the SN and supply lateral tegmentum (27).

3. The lateral group enters the midbrain from the lateral surface between crus
cerebri and tectum in the ambient cistern (5). This group of artery is from branches of
SCA, collicular artery and PMChA (7), ambient segment of SCA (43), short
circumferential artery (6), lateral branch of collicular artery (44) and short
circumferential from P-2 segment of PCA (1).

4. The posterior group consists of arteries that reach the quadrigeminal cistern
and terminate or branch to penetrate the colliculus. They are long circumflex branch
of PCA (28), quadrigeminal artery (5, 25), arteriae laminae tecti (45), accessory
collicular artery of P-2 segment (7), quadrigeminal segment of SCA (43), tectal artery
(25), collicular artery (41, 44, 46), medial superior cerebellar artery (7), posterior
branch of SCA (47), and PMChA (7, 28). The branches of PCA supply superior
colliculus, while those of SCA nourish inferior colliculus (28, 48). There are
numerous anastomoses among branches of two arteries over the surface of colliculus

(48, 49).
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The blood supply of the midbrain of submammalian vertebrates (fishes,
amphibians and birds) had been studied by gross dissection after injection with several
media such as latex, gelatin, vinylite and Indian ink. It is shown that the arterial supply
to the optic lobes is from only caudal branch of internal carotid artery (3). This is
different from that of the primitive and higher mammals of which the blood supply to
optic lobe is from the vertebrobasilar system (4). In camel, the anterior cerebellar
artery and PCA give off mesencephalic branches to supply colliculi (8). In the dog and
cat, the basilar bifurcation give off perforating branches supplying the medial zone of
the midbrain while the tectal branches of the SCA join the tectal rami of PCA to form
the collicular plexus (9). The arterial trunk of SCA gives off branches to supply crus
cerebri and caudal colliculus but its distal branch supplies rostral colliculus (10). In
addition, by injecting with Indian ink and 3% gelatin, the detailed vascularization in
the dog mesencephalon includes tectum, tegmentum and crus cerebri, could be
demonstrated (11, 12).

Recently, Majewska-Michalska (13) found that particular parts of the guinea
pig midbrain is supplied by SCA, PCA, PCoA and choroid artery. In 1997, she
focused on the angioarchitecture of the three parts of the midbrain by injecting with
microfil silicone resin. The internal vessels divide into anterior, lateral and posterior
groups according to the area supply. Among the three parts of the midbrain, the richest
vascularization is observed in the tegmentum, which contains many nuclei. The
degree of blood supply is proportional to the accumulation of nerve cells (14).

Although a lot of studies have been carried out in human and various animals,

the report regarding to the midbrain venous drainage is very limited. By using a radio-
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anatomical study in human, a separate drainage between tegmentum and crus cerebri
had been demonstrated. The tegmental veins use the superior or Galenic’s pathway
but the vein of the base of midbrain have an anterior course draining inferiorly into
superior petrosal sinus and/or superiorly into the basal vein (50). The venous blood
from the tectum is drained into the specific channel calls “quadrigeminal vein”. Such
vein could be divided into superior and inferior quadrigeminal veins (51). In the dog
and guinea pig, the veins are variable and shorter than the corresponding arteries (11,
12, 14).

As the three dimensional configuration of the midbrain vascular system is
difficult to visualize by using light microscopic examination of the serial sections after
injection with various substances. The vascular corrosion cast technique using the
intravascular injection of methyl methacrylate has been introduced (52) and was
successfully studied with scanning electron microscope (SEM) (53). This technique
has been employed for detailed studies of microangioarchitecture in various visceral
organs in the field of anatomy including the brains of human (54, 55, 56), rat (15),
black bear (57, 58) and various organs of the common tree shrew including oifactory
bulb (59), pituitary gland (60), pineal gland (61), cerebral cortex (62), cerebellum
(63), hypothalamus (64), and choroid plexus (65). However, this technique has not
been used to study microvascularization of the midbrain of any animal and human,
except in anuran (66). It is of interest to employ this technique in conjunction with
SEM to elucidate the midbrain microvascularization in the common tree shrews
(Tupaia glis), an animal regarded as a primitive primate. (16, 17, 18, 19). Many

authors had used tree shrews as a model for the study of visual function since the
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animal is with a highly organized visual system (67). On the basis of the morphology
of visual system and other criteria, this animal has been considered as the most

primitive living primates (67, 68).
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CHAPTER IV

MATERIALS AND METHODS

Animal Preparation

Fifteen adult common tree shrews (Tupaia glis) of both sexes weighing about
127.93 £+ 4.92 g were divided into three groups. The first group was used for gross and
morphological observation of the midbrain and relative structures under naked eyes
and stereomicroscope. The second group was for histological study of the midbrain
under light microscope (LM). The last group was for the study of blood supply and
microvascularization of the midbrain with vascular corrosion cast technique in
conjunction with stereomicroscope and scanning electron microscope (SEM).

Each animal was anaesthetized with diethylether. The thoracic cavity was
opened to expose the heart, injected with 0.05 ml of heparin (Leo 5,000 iu/ml) into
left ventricle and let it circulate for one minute. Then, a blunt needle was inserted
into ascending aorta through left ventricle and clamped, the right atrium was cut to
serve as the efferent port_of the blood and injected fluid. Through this blunt needle,
gentle perfusion with 200 to 250 ml of 0.9% NaCl solution was made to rinse the

blood from the circulation until the efferent solution was clear.

Group 1. Gross and Morphological Observation
Immediately after 0.9% NaCl perfusion, 200 ml of Bouin’s solution was
injected manually through the blunt needle to preserve the tissue. The head was

removed and immersed in the same fixative overnight. Then, the head was corroded in
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10 % formic acid for 2 to 3 days to remove the inorganic component of the cranial
bone. The decalcification bone of the cranial halves was carefully removed to expose
the whole brain. The cerebral hemisphere and cerebellum, then, were dissected to
show the midbrain and relative structures and viewed with naked eyes, examined and

photographed under stereomicroscope.

Group 1I. Routine Histological Preparation of the Midbrain

The fixative common tree shrew heads were rinsed several times in 70%
alcohol until the yellowish solution was lighten. The skulls were decalcified in 10%
formic acid for 2 to 3 days. The whole brain was removed, rinsed with tap water. The
brains were sliced in sagittal and coronal planes at 2 to 3 mm thick with a sharp
blade. Each sliced brain was dehydrated in a graded series of ethanol, cleared with
xylene, infiltrated and embedded in paraffin. The embedded tissues were sectioned at
10 pm thick and stained with cresyl violet to evaluate the various areas of the
midbrain. The stained sections were viewed and photographed under light microscope

(LM).

Group 111 Preparation for Studying the Midbrain Vasculature by Using
Vascular Corrosion Casts Technique
After perfusing with 0.9% NaCl solution, the modified Batson’s # 17 plastic
mixture was prepared according to method described by Chunhabundit and Somana
(69). Approximately 23 ml of plastic mixture was injected manually into ascending

aorta via the same blunt needle at the rate of 8-10 ml/min (70). Most of the blood
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vessels were completely filled with the plastic mixture as it was flowed out from the
right atrium. The great vessels at the root of the heart were clamped to prevent the
leakage of the plastic mixture. The animal was left at room temperature for 1 to 2
hours to let the plastic mixture hardening and complete polymerization of the plastic
casts.

The heads of the common tree shrews were cut at the level of first cervical
spine, removed skin and tissues and placed into 10% formic acid for 2 to 3 days to
decalcify the bone. The brains were removed and divided into three groups. The
cerebral hemispheres and cerebellum of the first group were removed to expose the
brainstem. The second group was cross sectioned through the midbrain into three
levels such as rostral, intermediate and caudal midbrain at 2 to 3 mm thick. The last
group was cut into midsagittal and parasagittal sections at the same thickness. All of
the three groups were placed in 40% KOH at room temperature for 5 days with daily
changing of solution. Then, the corroded specimens were rinsed in tap water and
gentle washed with distilled water to remove the remaining tissues. The vascular casts
were frozen at -70°C and placed into the lyophilizer overnight. The dried vascular
casts were examined under stereomicroscope to select the suitable areas for further
investigation with SEM. The specimens were mounted on the metal stub, coated with
gold/ palladium. The vascular casts were examined and photographed under SEM at

accelerating voltage of 15 kV for study the microvascularization of the midbrain.
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CHAPTER 1V
RESULTS

In the common tree shrew, midbrain is the largest part of the brainstem. It is
covered mostly by the occipital pole of the cerebral hemispheres and partially by the
rostral portion of the cerebellum. It lies among the diencephalon anteriorly,
cerebellum posteriorly and pons inferiorly (Figs. 1, 3). When cerebral hemisphere and
cerebellum have been removed, the dorsal aspect of the midbrain is seen as a
prominence with approximately 8 mm long, 5 mm wide and 6 mm high (Fig. 1). The
superior colliculus is ovoid and relatively large while the inferior colliculus appears as
a small strip situating under the caudal end of superior colliculus (Figs. 1, 3).
The small portion of the crus cerebri is seen from the ventral aspect of the brainstem
(Fig. 2). There is a furrow between the two crura cerebri and the oculomotor nerves
emerge through it. The upper border of the midbrain is limited inferiorly by the optic
tract and the mammillary bodies. Its lower end is marked by the pontomesencephalic
sulcus.

The LM studies of the coronal sections stained with cresyl violet reveal that
the midbrain nuclei are dark and the fibers are relatively lighter. The internal structure
of the midbrain could be divided into three important regions as tectum, tegmentum
and crus cerebri (Fig. 4). The tectum composes of superior and inferior colliculi which
are the mounds of gray matter. The superior colliculus could be divided into

superficial, intermediate (central) and periventricular gray zones. It is seen as
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laminated structure with six strata due to the arrangement of nerve cells and fibers. As
seen in Figure 5, the superficial zone is subdivided into stratum zonale (SZ), stratum
griseum superficiale (SGS) and stratum opticum (SO). The intermediate zone consists
of stratum griseum intermediale (SGI) and stratum album intermediale (SAI), while
the deep or periventricular zone comprises only the stratum griseum profundum (SGP)
that adjacent to the central gray. Within the various tectal layers, multipolar cells are
present. The optic fibers are seen as a small band entering the ventrolateral side of the
superior colliculus (Fig. 5). The inferior colliculus consists of the pericentral, external
and the central nucleus of small sized-multipolar cells surrounded by a capsule of
white fibers from lateral lemniscus (Fig. 6).

The tegmentum situates ventrally to the cerebral aqueduct containing gray
columns and tracts. It situates between the pons and thalamus. The major groups of
neurons in the tegmentum are oculomotor nuclear complex, nucleus of trochlear
nerve, Edinger-Westphal nucleus, interpeduncular nucleus, mesencephalic nucleus of
trigeminal nerve and red nucleus. In the cross section, the oculomotor nuclear
complex appears as the interval between V-shape of MLF (Fig. 8). It lies rostrally to
nucleus of trochlear nerve and extends to the rostral part of the superior colliculus.
The fascicles of the oculomotor nerve course ventrally through the medial side of red
nucleus and emerge from the medial part of the crus cerebri and lateral to
interpeduncular nucleus. The nucleus of trochlear nerve is seen at the transitional level
of the superior and inferior colliculus (Fig. 9). It situates caudally to the oculomotor
nucleus and indents the dorsal surface of the MLF. The Edinger-Westphal nucleus is a

small collection of neurons seen in the plane of rostral midbrain. It lies close to the
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midline and dorsal to the ventral part of oculomotor nucleus at the diencephalon-
mesencephalon junction. The mesencephalic nucleus of trigeminal nerve is a scattered
strand of small neurons seen in the lateral part of central gray (Fig. 8). The
interpeduncular nucleus is a group of cells lying between the two crura cerebri. The
red nucleus is a large group of neurons occupying the major part of the tegmentum
(Fig. 7). It is a round rod of gray matter and extends from the subthalamic regions at
the level of mammillary bodies to the caudal end of superior colliculus which is
marked by the decussation of superior cerebellar preduncles. The red nucleus could be
divided into pars magnocellularis and pars parvicellularis. The important fiber tracts
that could be observed in the tegmentum are MLF, medial lemniscus, lateral
lemniscus and decussation of superior cerebellar peduncles.

The substantia nigra (SN) is a curve plate of gray matter situating between the
tegmentum and crus cerebri (Fig. 7). It could be subdivided into pars compacta, pars
reticulata and pars lateralis. The last part of the midbrain is the crus cerebri that is a
small band of white matter under SN. It contains many descending fibers of motor
tract from the cerebral cortex (Fig. 4).

The study with vascular corrosion cast technique reveals that the arterial
supply of the common tree shrew brain is from internal carotid and vertebrobasilar
systems (Fig. 10). Two vertebral arteries (VA) join one another to form a single
basilar artery (BA) at the level of the pontomedullary junction. The BA ascends on
the ventral surface of pons in the midline and divides into superior cerebellar (SCA)
and posterior cerebral (PCA) arteries at the pontomesencephalic sulcus. The internal

carotid artery (ICA) gives off anterior cerebral (ACA) and middle cerebral (MCA)
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arteries. The anterior communicating artery (ACoA) connects between two ACA.
Moreover, the posterior communicating artery (PCoA) communicates between PCA
and ICA. Thus, the complete arterial circle of Willis at the base of the brain in the tree
shrew is evident (Fig. 10). It is obvious that the blood supply of the midbrain in
common tree shrew is from the branches of the vertebrobasilar system, namely the
BA, SCA and PCA (Fig. 13). However, the branches from the PCA are the major
sources (Figs. 15, 16). The PCA has three types of branches as cortical, central and
ventricular branches. The cortical branches mainly supply the cerebral cortex. The
central branches convey the blood to the midbrain and other parts of the brainstem.
The ventricular branches become the choroid plexuses of the third and lateral
ventricles and extend some branches to supply the midbrain. After branching from
BA, the PCA could be divided into P1 to P4 segments. The P1 segment is proximal
to the stem of the PCoA. It gives off direct perforating branches and peduncular
branches to supply the ventromedial and ventrolateral parts of the midbrain. The P2
segment extends from PCoA in the ambient cistern. It subdivides into anterior (P2A)
and posterior (P2P) halves (Fig. 17). The P2A is next to PCoA and runs in parallel to
basal vein (BV). It gives off the lateral posterior choroidal artery (LPChA) that enters
the choroid plexus of lateral ventricles and also supplies the metathalamus. The P2A
also sends branches to supply the cerebral cortex. The P2P courses in parallel to the
P2A, inferior to BV and inferolateral to medial geniculate body (MGB). It could be
subdivided into collicular and medial posterior choroidal (MPChA) arteries at the
inferior pole the MGB (Fig. 17). The collicular artery gives off three to four branches

distributing in tree-like pattern to reach the quadrigeminal plate of the midbrain
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(Fig. 18). The MPChA extends from P2P and encircles the midbrain at the junction
between upper end of superior colliculus and lower part of the thalamus. It sends
branches to supply the superior colliculus and the choroid plexus of third and lateral
ventricles. The MPChA and collicular arteries in the quadrigeminal cistern seem to be
the P3 segment and the terminal branches to the cerebral cortex are the P4 segment.
The superior cerebellar artery (SCA) is a branch of BA that emerges under the origin
of PCA (Figs. 14, 17). It is separated from the PCA by the third cranial nerve. It then
runs in parallel to the vein of the pontomesencephalic sulcus. The SCA is the main
branch supplying the pons and the cerebellum. It also sends collicular branch to
nourish the caudal pole of the inferior colliculus. The BA also gives off perforating
branches at the basilar bifurcation to supply the midline portion of the midbrain and
thalamus through the interpeduncular fossa (IF).

As seen in the cross sections of the vascular corrosion cast, the internal part of
the midbrain receives the blood from the penetrating branches of the parent arteries
that encircle the midbrain (Figs. 13-18). These penetrating branches run in the radial
pattern towards the cerebral aqueduct (Fig. 11). According to their points of entry and
areas of distribution, these internal radial branches could be divided into anteromedial,
anterolateral, lateral and posterior groups. In the anteromedial group, the paramedian
arteries are the longest vessels but less in number (Fig. 12). They are usually four. The
posterior group is the highest in number of penetrating vessels when compares among
the three parts. It is noted that the characteristics of these penetrating branches are the

centripetal direction.
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The study of the midsagittal sections of the midbrain illustrates the
paramedian branches as the direct perforating branches from the basilar bifurcation,
SCA and from the P1 segment of PCA (Fig. 12). They enter the midbrain in the fan-
like manner to supply the medial part of the midbrain. The paramedian
thalamomesencephalic artery is the branch of basilar bifurcation or the P1 segment of
PCA. It supplies the midbrain and the thalamus. The paramedian arteries distribute in
the areas of interpeduncular fossa (IF), crus cerebri and tegmentum. Finally, they end
at the ventral part of the cerebral aqueduct. The tectum which is the area dorsal to the
cerebral aqueduct does not receive the blood from arteries of this group but they are
from the posterior group.

In order to visualize the distribution of the blood vessels in the various areas of
the midbrain, the cross sections of vascular corrosion cast are performed at rostral,
intermediate and caudal ends of the midbrain (Figs. 20, 22, 24). The histological
sections of the similar levels to the sections of the vascular corrosion cast are put for
comparison (Figs. 19, 21, 23). Among the three parts of the midbrain, the tegmentum
is the most vascularized area as it contains many nuclei or groups of neurons. The
arteries of the anteromedial group that supply the area of the tegmentum are the
branches of the basilar bifurcation, SCA and of the initial portion of PCA. They
give off direct perforating branches to supply the medial portion of the midbrain
(Fig. 22). The oculomotor nuclear complex is supplied by the paramedian
thalamomesencephalic branches (Figs. 22, 25 ,26). The right and left paramedian
branches run in the IF and penetrate the midbrain at right angle near the midline.

They run in parallel to each other in the dorsal direction to reach the floor of the
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cerebral aqueduct and also run in curves, arcuate and pass laterally before entering the
oculomotor nerve nuclear complex. They embrace the area corresponding to the
medial side of the red nucleus and also supply nucleus of trochlear nerve, MLF and
decussation of superior cerebellar peduncles. The collateral circulation among the
arteriolar branches of the right and left paramedian arteries have not been observed.
The anterolateral group consists of the penetrating branches of P1 and SCA (Fig. 25).
The peduncular branches of P1 segment supply the crus cerebri and some of them pass
through the crus cerebri to supply the SN, lateral side of red nucleus and of CN III and
CN IV nuclei. It is noted that the arteries of this group do not reach the cerebral
aqueduct. The lateral group is the penetrating branches of the initial portion of the
collicular and MPChA arteries that supply the lateral part of the crus cerebri, lateral
lemniscus and lateral part of the tegmentum. The branches forming the posterior
group come from the collicular artery of P2P, SCA and MPChA. They give off
branches to penetrate the colliculus (tectum). Many small arteries are seen to pierce
the surface of the colliculus and end at various levels that relate to the arrangement of
the layers of superior colliculus (Fig. 25). The dense vascularization is seen in the
stratum griseum superficialis, stratum griseum intermedialis and central gray. At the
level of inferior colliculus, the vascular density in the central nucleus of inferior
colliculus is much higher than that in the superior colliculus.

When examining the midbrain vascular corrosion cast in the cross section at
higher magnification (Figs. 27, 28), it is seen that the penetrating arteries give off
arterioles and capillary beds inside the midbrain. The dark area indicates the high

density of the capillary networks. The high density of the capillaries correspond to the
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midbrain nuclei in the tectum and tegmentum. They are superior colliculus, inferior
colliculus, oculomotor nuclear complex, trochlear nucleus, interpeduncular nucleus,
interstitial nucleus of MLF, red nucleus and SN. It is noted that within the SN, the
pars compacta has the most vascular density. The scantly capillary plexuses are
usually found in the areas which contain nerve fibers. They are the areas of the crus
cerebri, decussation of superior cerebellar peduncles, medial and lateral lemniscus. It
is evident that medial part of the crus cerebri has the richest blood supply in
comparison with lateral and central part.

When observing the vascular corrosion cast under SEM, it could also reveal
that the common tree shrew midbrain receives the arterial supply from many'sources
(Fig. 29). They are BA, SCA and PCA (Fig. 29). The basilar artery bifurcation gives
off the perforating branches to supply the midline region through IF. The PCA gives
off some peduncular branches which anastomose on the outer surface of the crus
cerebri. In the lateral aspect of the midbrain, the branches of P2A and P2P are shown
(Fig. 30). The dorsal surface of the midbrain (quadrigeminal plate) is supplied by the
collicular branches of P2P (Figs. 31, 35). There are a lot of arterial anastomoses on
this collicular surface. The initial course of small arteries is in parallel to the collicular
surface. They penetrate perpendicularly into the internal part the colliculus (Figs 32,
33). The small arteries usually cross over the superficial collicular veins.

After originating from the parent arteries on the surface of the midbrain, the
arterial branches could be divided into two sets of the penetrating arteries. The
superficial set breaks into arterioles and capillary networks in the superficial layer of

the superior colliculus. The set of longer arteries goes deeper and ramifies into
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capillary networks in the deep and central gray layers. It is evident that three
microvascularization layers could be observed (Fig. 31). The superficial layer is the
densest capillary networks. The vascular connections among branches of the
penetrating arteries have not been observed. It is noted that the arterial sphincter are
often seen at the branching site of small artery (Figs. 41, 42). After branching from the
parent artery at the surface of the midbrain, the penetrating arteries rapidly reduce in
diameter (Figs. 41). Occasionally, the smooth muscle cells are seen wrapping around
the arteries (Fig.43). It is obvious that the capillary networks in the areas of midbrain
nuclei are higher density than in the areas of nerve fibers when examine under SEM
(Figs. 39, 40). When the surface of capillary casts is observed at high magnification, it
appears very smooth indicating that the capillaries in the midbrain is without
fenestrations (Fig. 45).

The venous blood from the capillary networks is collected into small venules
(Figs. 44) and further into the tributaries of veins before being emptied into the larger
veins at the surface of the midbrain. The capillaries in the central part of the midbrain
around the central gray and the oculomotor nuclear complex collect the venous blood
upward and dorsally into the lateral and dorsal aqueductal vein (Figs. 25, 26, 38). This
joins with the thalamocollicular vein that lies in the edge between the superior
colliculus and the thalamus (Figs. 18, 34). In some cases, lateral and dorsal aqueductal
veins connect directly to the great vein of Galen. The venous blood from the
tegmentum and crus cerebri (ventral part to cerebral aqueduct) are drained into the
collecting veins which have the larger diameter than that of the accompanying arteries

(Fig. 34). These collecting veins empty the blood into the posterior communicating
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vein that lies in transverse direction in the IF and connects between the peduncular
vein and BV (Figs. 36, 37). Some small veins drain the blood into the vein of
pontomesencephalic sulcus that situates between the pons and the crus cerebri. The
BV and vein of pontomesencephalic sulcus end at the junction between the superior
petrosal sinus and transverse sinus (Fig. 24). The thalamocollicular vein originates
from the BV which connects to superior petrosal sinus via lateral mesencephalic vein
and then encircles the midbrain beneath the MPChA at the junction between the
superior colliculus and the thalamus (Figs. 18, 34). It receives the venous blood from
the both areas and drains into the great cerebral vein of Galen and rectus sinus,
respectively. Some small veins at the dorsal surface of the caudal part of superior
colliculus drain the venous blood directly into transverse sinus. At the junction
between the superior and inferior colliculi there are two small veins running from each
side and join one another at the midline before draining the blood into the dorsal
aqueductal vein. After joining, it runs upward along the midline and connects with
two or three veins of the colliculus at the caudal end of the quadrigeminal plate to
form collicular vein (Figs. 24, 26). The collicular vein collects the venous blood from
both colliculi into the rectus sinus. In some cases, it drains the blood into the
confluence sinus and then to the transverse sinus and finally to the external jugular
vein mostly and some into the internal jugular vein (Fig. 47).

Moreover, the venous drainage of the midbrain could be divided into three
major groups according to the areas of drainage. The anterior or petrosal group is
formed by the veins draining anteriorly into superior petrosal sinus. The second is the

superior or galenic group that is the veins converging on the great vein of Galen and
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the posterior group is the third group which drains into the transverse or rectus sinuses
(Fig. 47). In common tree shrew, the veins at the ventral aspect of the midbrain are the
posterior communicating, peduncular, anterior mesencephalic veins and the vein of
pontomesencephalic sulcus. They drain the blood into the basal vein and then empty
into the superior petrosal sinus that is the first group. The thalamocollicular vein that
receives the venous blood from the internal part especially the dorsal part of cerebral
aqueduct drains the venous blood into the great vein of Galen that is the second
groups of venous drainage. The last group could be demonstrated in the caudal
midbrain. The collicular or quadrigeminal vein empty directly into the transverse or

rectus sinuses.



Figure 1. Photograph of the common tree shrew brain, top view, after removal of
the left cerebral hemisphere, showing the superior colliculus (SC) and
the related structures. Th, thalamus; CbC, cerebral cortex; Cbl,

cerebellum.

Figure 2. Photograph of the common tree shrew brain, ventral aspect, showing
pons (P), mammillary body (Mb), metathalamus (Met), optic tract

(OT), interpeduncular fossa (asterisk) and oculomotor nerve

(arrowhead).

Figure 3. Photograph of the midsagittal section of the common tree brain
showing the midbrain and related structures. SC, superior colliculus;
IC, inferior colliculus; Teg, tegmentum; asterisk, interpeduncular fossa;

Th, thalamus; P, pons; CbC, cerebral cortex; Cbl, cerebellum.
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Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Light micrograph of the intermediate midbrain, cross section, showing
the three major regions. Tec, tectum; Teg, tegmentum; asterisk, crus

cerebri.

Light micrograph of the midbrain, cross section, showing the six
cytoarchitectural subdivisions of superior colliculus. 1, stratum zonale;
2, stratum griseum superficiale; 3, stratum opticum; 4, stratum griseum
intermediale; 5, stratum album intermediale; 6, stratum griseum

profundum; arrowhead, optic tract.

Light micrograph of the caudal midbrain, cross section, showing the
subdivision of the inferior colliculus. ICC, central nucleus of the
inferior colliculus; open arrowhead, pericentral nucleus; asterisk,

external nucleus; SC, superior colliculus; P, pons.

Light micrograph of the intermediate midbrain, cross section, showing
red nucleus (R) and substantia nigra (SN). MGB, medial geniculate

body; asterisk, interpeduncular nucleus.

Light micrograph of the intermediate midbrain, cross section, showing
the oculomotor nuclear complex (Oc) and oculomotor nerve (open

arrowhead). Arrowhead, mesencephalic nucleus of trigeminal nerve.

Light micrograph of the transactional section of superior and inferior
colliculus midbrain, cross section, showing the trochlear nerve nucleus
(Tr). DSCP, decussation of the superior cerebellar peduncles; CaG,

central gray; asterisk, medial longitudinal fasiculus.
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Figure 10.

Figure 11.

Figure 12.

Photograph of the arterial system supplying the brain of the common
tree shrew. 1, vertebral artery; 2, basilar artery; 3, internal carotid
artery; 4, posterior cerebral artery; 5, superior cerebellar artery; 6,
posterior communicating artery; 7, middle cerebral artery; 8, anterior

communicating artery; asterisk, basilar artery bifurcation and its

perforating branches.

Stereomicrograph of the cross section of the vascular casts, showing
four groups of penetrating arteries of the midbrain as anteromedial (A),

anterolateral (B), lateral (C) and posterior groups (D).

Stereomicrograph of the vascular corrosion cast, midsagittal section,

showing the paramedian thalamomesencephalic arteries (asterisks).
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Figure 13.  Stereomicrograph of the vascular casts of the midbrain, dorsal aspect,
showing the superior colliculus (SC) and its blood supply. Th,
thalamus; 3VCP, choroid plexus of third ventricle; arrowhead, medial

posterior choroidal artery.

Figure 14.  Stereomicrograph of the vascular casts of the midbrain, ventral aspect,
showing the main arterial supply of the midbrain. Asterisk, basilar
artery bifurcation; 1, basilar artery; 2, superior cerebellar artery; 3

3

posterior cerebral artery.

Figure 15.  Stereomicrograph of the vascular casts of the midbrain, ventrolateral
aspect, showing the posterior cerebral artery (arrowhead). IC, inferior

colliculus; LVCP, choroid plexus of lateral ventricle; Th, thalamus.
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Figurelé.

Figure 17.

Figure 18.

Stereomicrograph of the vascular casts of the midbrain, parasagittal
section, showing the penetrating arteries supplying the internal part of
the midbrain (M). 1, superior cerebellar artery; 2, posterior cerebral

artery; CbC, cerebral cortex.

Stereomicrograph of the vascular casts of the midbrain, ventral
aspect, at the higher magnification, showing the subdivision of the
posterior cerebral artery. P1, first part of the PCA; P2A, anterior half of
the second part of posterior cerebral artery; P2P, posterior half of the
second part of posterior cerebral artery; SCA, superior cerebellar
artery; arrowhead, medial posterior choroidal artery; asterisk,

collicular artery.

Stereomicrograph of the vascular casts of the midbrain, dorsal
aspect, at higher magnification, showing the branches of the collicular
artery (asterisks) supplying the tectum. arrowhead, thalamocollicular

vein; GVG, great vein of Galen; RS, rectus sinus.



Figure 19.

Figure 20.

Light micrograph of the rostral midbrain, cross section, showing the
superior colliculus (SC), red nucleus (R), substantia nigra (SN), pineal

gland (Pi) and oculomotor nerve (N III).

Stereomicrograph of the vascular casts of the midbrain, at the similar
level to that in Figure 19, showing the vascular supply the rostral
midbrain. P1, first part of posterior cerebral artery; P2, second part of
posterior cerebral artery; SC, superior colliculus; arrow, medial

posterior choroidal artery.
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Figure 21.  Light micrograph of the intermediate midbrain, cross section, showing
the superior colliculus (SC), oculomotor nuclear complex (Oc), red

nucleus (R) and interpeduncular nucleus (Ip).

Figure 22.  Stereomicrograph of the vascular casts of the midbrain, at the similar
level to that in Figure 21, showing the arterial supply the superior
colliculus (SC) and oculomotor nuclear complex (Oc). Asterisk,
anteromedial arteries; open arrowheads, anterolateral arteries; BA,

basilar artery.
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Figure 23.  Light micrograph of the caudal midbrain, cross section, showing the

central nucleus of inferior colliculus (ICC), superior colliculus (SC),

pons (P) and trochlear nerve (open arrowhead).
Figure 24.  Stereomicrograph of the vascular casts of the midbrain, at the similar

level to that in Figure 23, showing the dense vascularity in the central
nucleus of inferior colliculus (ICC), collicular vein (asterisk),

transverse sinus (TS) and superior petrosal sinus (SPS).
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Figure 25.

Figure 26.

Stereomicrograph at high magnification of the vascular casts of
the mid area of midbrain, cross section, showing the posterior group of
the penetrating arteries supplying the superior colliculus. 1, superficial
layer; 2, deep layer; 3, central gray layer; open arrowhead, dorsal

aqueductal vein; asterisk, anteromedial artery; RS, rectus sinus.

Stereomicrograph of the vascular casts of the midbrain, midsagittal
section, showing the paramedian thalamomesencephalic arteries
(asterisk) supply the oculomotor nuclear complex (Oc) and Trochlear
nucleus (Tr). Open arrowhead, dorsal aqueductal vein, arrowhead,
lateral aqueductal vein; GVG, great vein of Galen; RS, rectus

sinus; CV, collicular vein; BA, basilar artery; Cbl, cerebellum; P, pons.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Anatomy) / 41

Al’h,:;'“é‘; 15

n

5 - =’

Vi




Figure 27.

Stereomicrograph at the higher magnification of the vascular casts,
cross section of the intermediate midbrain, showing the blood supply
the midbrain nuclei, oculomotor nuclear complex (Oc), red nucleus
(R), interpeduncular nucleus (Ip), superior colliculus (SC). Arrowhead,
collicular artery; open arréwhead, lateral arteries; asterisk, lateral

aqueductal vein.
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Figure 28.

Stereomicrograph at the higher magnification of the vascular casts
of the intermediate midbrain, cross section, showing the anteromedial
(asterisk) and anterolateral (open arrowhead) arteries supplying red
nucleus (R). CA, cerebral aqueduct; P2A, anterior half of the second
part of posterior cerebral artery; P2P, posterior half of the second part

of posterior cerebral artery; Oc, oculomotor nu¢lear complex.
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Figure 29.

Figure 30.

Figure 31.

SEM micrograph of the vascular casts, ventral aspect of the midbrain
showing the basilar artery (BA) and its branches. SCA, superior
cerebellar artery; asterisks, perforating branches of the basilar
bifurcation; Mb, mammillary body; P1, first part of posterior cerebral
artery; arrowhead, peduncular branch; open arrowhead, vein of

pontomesencephalic sulcus.

SEM micrograph of the vascular casts of the lateral aspect of the
midbrain, showing the first part of posterior cerebral artery (P1) and
second part of posterior cerebral artery (P2). Arrow, medial posterior

choroidal artery; CA, collicular artery.

SEM micrograph of the vascular casts of the midbrain, cross section,
showing the three layers of the vascular supply the superior colliculus.

1, superficial layer; 2, deep layer; 3, central gray layer.



Figure 32.  SEM micrograph of the vascular casts at the surface of the midbrain
showing the artery (A) giving off the penetrating arteries (arrowhead).

Cp, capillary plexus; V, veins.

Figure 33.  SEM micrograph of the vascular casts, at the higher magnification,
showing the arterial anastomoses (asterisk) and the penetrating artery

(arrowhead). V, vein.

Figure 34.  SEM micrograph of the vascular casts of the lateral aspect of the
midbrain, showing the medial posterior choroidal artery (asterisk) that
accompanied by the thalamocollicular vein (ThCV) and drain the
venous blood into the basal vein (BV).Note the vein (V) has a larger

diameter than the accompany artery (A).
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Figure 35.

Figure 36.

Figure 37.

Figure 38.

SEM micrograph of the vascular casts of the dorsal aspect of the
midbrain, showing the arterial anastomoses (asterisks) of the collicular

arteries (arrowhead) on the surface of the quadrigeminal plate.

SEM micrograph of the vascular casts, cross section, the ventral aspect
of the midbrain, showing the paramedian arteries (arrowheads)
accompanying the paramedian veins (arrow). Asterisk, arterial
anastomoses; PCoV, posterior communicating vein. Note dense

capillary networks in the area of red nucleus (R).

SEM micrograph of the vascular casts showing veins of the ventral
aspect of the midbrain. PCoV, posterior communicating vein; arrow,
anterior mesencephalic vein; asterisk, peduncular vein; BA, basilar

artery.

SEM micrograph of the vascular casts, cross section, showing the
venous drainage from the dorsal part of cerebral aqueduct (CA).
Arrow, dorsal aqueductal vein; asterisk, collicular vein; RS, rectus

sinus; SC, superior colliculus.

Figure39,40.SEM micrograph of the vascular casts showing the density of the

capillary networks (Cp) in the areas of the midbrain nuclei (Figure 39)

comparing with the area of nerve fiber (Figure 40).
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Figure 41. SEM micrograph of the vascular casts demonstrating the artery

Figure 42.

Figure 43.

Figure 44.

Figure 45.

(A) at the surface of the midbrain giving off the penetrating artery (a)
that rapidly reduce in diameter. Arrowhead, arterial sphincter; Cp,

capillary plexus.

SEM micrograph of the vascular casts of the internal artery of the

midbrain showing the arterial sphincter (arrowhead).

SEM micrograph of the vascular casts showing the smooth muscle

cells (open arrowheads) wrapping around the artery.

SEM micrograph of vascular casts showing the capillary connection

(asterisks) continuing to the large venule (v).

SEM micrograph at higher magnification of the vascular casts

illustrating the non-fenestrated capillary in the midbrain.
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Figure 46.

Figure 47.

Diagram of the common tree shrew brain illustrating the arterial supply
of the midbrain. BA, basilar artery; ICA, internal carotid artery; star,
basilar artery bifurcation and its perforating branches; 1, first part of
posterior cerebral artery; 2, posterior half of the second part of
posterior cerebral artery; 3, anterior half of the second part of posterior
cerebral artery; 4, superior cerebellar artery; 5, collicular arteries; 6,
medial posterior choroidal artery; arrowhead, collicular branch of
superior cerebellar artery; P, pons; Cbl, cerebellum; Th, thalamus;

CbC, cerebral cortex.

Diagram of the common tree shrew brain illustrating the venous
drainage of the midbrain. 1, anterior pontomesencephalic vein; 2,
posterior communicating vein; 3, peduncular vein; 4, anterior
mesencephalic vein; 5, basal vein; 6, superior petrosal sinus; 7,
thalamocollicular vein; 8, dorsal aqueductal vein; star, great vein of
Galen; open arrowhead, collicular vein; arrow, anterior
mesencephalic vein; SSS, superior sagittal sinus; ISS, inferior sagittal
sinus; RS, rectus sinus; ICV, internal cerebral vein; TS, transverse
sinus; SS, sigmoid sinus; IJV, internal jugular vein; EJV, external

jugular vein.
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CHAPTER VI

DISCUSSION

The Anatomy of the Midbrain

In common tree shrew, the midbrain or mesencephalon is relatively very large
when compares to the whole brainstem. It is covered by the expanded occipital pole,
so that it is not visible from the dorsal aspect. This feature is common in all
mammalian members of Orders Marsupialia, Rodentia, Lagomorpha and Primates
(71). The internal structure of the common tree shrew midbrain could be divided into
tectum, tegmentum and basis as in other mammals (72) and man (20, 22, 23, 24). The
tectum or roof consists of superior and inferior colliculi. The superior colliculus in the
tree shrew is remarkably large and well developed with distinctively differentiated
layers (73, 74, 75). The laminated organization of the superior colliculus in Tupaia
glis has been studied by many authors basing on the cytoarchitecture, afferent
connection (73, 74, 75, 76) and receptive field properties (77, 78, 79). Various authors
subdivided the superior colliculus into seven to nine layers by modifying from the
pattern of six layers appearing in other vertebrates. The lamination of superior
colliculus is formed during embryonic development. The cells migrate toward
periphery from the periventricular mass and the successive layers are occurring (80).
In Tupaia glis, there is the superficial gray layer as in mammals but not in
nonmammalian vertebrates (2, 80). Among mammals, the best developed with very

distinct layers could be observed in common tree shrew as well as in gray squirrels
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(81), rat (82) and cat (83). However, the layers in tree shrew are more clearly depicted.
The extremely large superior colliculus in the tree shrew could associate with
compensative function for a poor-developed cerebellum. In addition, this well-
developed organ could very well relate with effective visual system in order to achieve
its arboreal habitat (18). The relative size and differentiation of the superior colliculus
1s not certain among mammalian Orders. It is very large in flying lemur, squirrel and
tree shrew. These animals have common rapid locomotive behavior and with arboreal
niche. In prosimian and insectivore, the superior colliculus is relatively small and less
differentiated. Eventhough, the superior colliculus of the lemur is smaller than in tree
shrew, this animal is with highly visual activity (75). The size of the superior
colliculus among the closely related species has been supported to be correlated with
different ecological requirements (74).

Unlike in nonmammalian vertebrates, the torus semicircularis (inferior
colliculus) lies ventrally to the optic tectum (superior colliculus) because of the lateral
expansion of the optic tectum with the tectal ventricle formation. The subdivisions of
the inferior colliculus in Tupaia glis are quite similar to those in the cat (84, 85) and
man (21) being the central, pericentral and external nuclei (84).

It is quite interesting that the tegmental nuclei of the common tree shrew
concerning with the visual function are well developed. These nuclei are the
oculomotor, trochlear and the Edinger-Westphal nuclei. The red nucleus in the tree
shrew is an egg-shaped structure as seen in other mammals (72, 86, 87). The
interpeduncular nucleus situates in the midline above the interpeduncular fossa (IF).

This nucleus extends from the caudal pole of the mammillary body to the beginning of
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the pontine gray. This feature is also exhibited in rodent (88), shrew, bat (89), dog and
cat (90). In monkey and man, the whole mass is relatively small (72). The substantia
nigra (SN) in the tree shrew could also be divided in zona or pars compacta,
recticulata and lateralis as observed in other mammals (72, 88, 89, 90, 91, 92, 93, 94,
95, 96). The melanin pigment is seen in the nigral cells as in other mammalian Orders.
However, there is less number of pigmented cells with minimal number of pigmented
granules in each cell of the tree shrew substantia nigra. In Primates, the intensity of
pigmentation increases when the animals are genetically close to man (97). The crus
cerebri in Tupaia glis is less developed and relatively small when compare with other
parts of the midbrain.

It is obvious that the mainly histological features of the midbrain in common
tree shrew are quite similar to those of other mammals, especially primates. However,
the large size of the superior colliculus indicates that the tree shrew brain has some

primitive features when compare with other primates (18).

The Midbrain Vascularization

In general, the organization of the major cerebral arteries of the brain in
common tree shrew is similar to that in man (64). These branches are from the internal
carotid (ICA) and the vertebrobasilar systems that form complete circle of Willis.
There is anterior communicating artery in the common tree shrew as in man (98, 99)
but not in rat (98), opossum, armadillo (4), baboon and vervet monkey (100). It is
obvious that the arterial circle of Willis in common tree shrew is quite similar to that

of man than these in the rat and other primates. The main sources of the arterial supply
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to the midbrain in common tree shrew are from the branches of the vertebrobasilar
system. They are basilar bifurcation, posterior cerebral, superior cerebellar, medial
posterior choroidal and collicular arteries. These are principally similar to those of
man (1, 5, 7, 26), guinea pig (13, 14) and dog (11, 12). As the midbrain receives the
blood from many sources and the midbrain in common tree shrew is very large, the
organization of the blood vessels in this organ is very complex and quite different
from other animals. The area distribution could correspond to the sources of the
arterial supply. In the submammalian vertebrates as in fishes, amphibians, reptiles and
bird, their midbrains are supplied by branches from the caudal division of the internal
carotid artery (ICA) (3). However, the crus cerebri of the midbrain in the guinea pig
(14), dog (12) and some cases of human (7, 48, 101), but not in common tree shrew,
receives the blood supply from the posterior communicating artery (PCoA). In anuran,
the midbrain is supplied by the superior mesencephalic artery that arises from the
posterior ramus of the ICA (66) as in the case of other submammalian vertebrates (3).
In many higher mammals (3, 8, 10, 11, 12, 13, 14) and man (102, 103) as well as in
tree shrew, the posterior cerebral artery (PCA) is the major source of blood supply to
the midbrain. This artery in the rat (98) and man (5, 28, 30, 104) usually originates
from the basilar artery (BA). It is noted that the symmetrical appearance of the PCA
could be observed. In human embryo, the PCA arises as a branch of ICA (25, 26, 28).
Stephens and Stilwell (5) proposed that the PCA would be a unique artery as it
receives the blood from the basilar artery (BA) but originates from the ICA.

The PCA in common tree shrew could be divided into four segments as in man

(28, 30, 42). However, there is some difference from the cases of man that the
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collicular artery in the tree shrew does not come from the P1 segment (7, 28). In some
cases, there is the accessory collicular artery branching from the P1 segment. The P1
segment of the PCA or basilar communicating artery or mesencephalic artery is the
segment that situates between the proximal portion of the PCA extending from the
basilar bifurcation to PCoA (5, 25, 26, 28, 30, 35, 39, 105). The term of
mesencephalic artery could not be acceptable because of it gives the branches to
supply both the midbrain and the thalamus. The infarction occurring in this territories
generally results in the mesencephalothalamic syndrome (106, 107, 108).

Most of the arteries that supplying the midbrain in common tree shrew are the
branches from the rostral part of the vertebrobasilar system. They give the direct
perforating arteries in the interpeduncular fossa and supply the midline region. Then
they send the short and long branches encircle the midbrain and give the smaller
branches to penetrate the midbrain at right angle into the tissue and reach the cerebral
aqueduct. The penetrating arteries exhibit the radial pattern as appears in man (5, 25,
36, 47), guinea pig (13, 14), dog (11, 12), anuran (66) and submammalian vertebrates
(3). The general radial pattern of the internal vascularity as seen in the midbrain of the
common tree shrew could be observed in all vertebrates including primates.

The pattern of vascular arrangement within the midbrain has been described in
man ( 5, 7, 36, 109), dog (11, 12) and guinea pig (14) as same as in this studies, the
arterial supply the common tree shrew midbrain could be divided into anteromedial,
anterolateral, lateral and posterior groups according to their points of penetration and

the territories that supply them. The origins of the arteries and the arterial vascular
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territories in the midbrain and brainstem are the basic information leading to the
understanding of various syndromes (6, 47, 109).

The anteromedial group consists of the direct perforating arteries branching
from the tip of basilar artery, P1segment of PCA and initial segment of SCA. They are
the paramedian thalamomesencephalic arteries that originate from the parent arteries
in the symmetrical fashion. This is different from man of which the main stems of the
perforating artery are usually seen in the interpeduncular fossa (7, 29, 32, 33) but after
penetrating into the internal part, a tendency to go to the right and left sides is rather
symmetrical (110). The penetrating arteries in the anterolateral group do not reach the
cerebral aqueduct. They extend as far as the lateral part of the red nucleus (41). The
arteries of the posterior group supply large territories when compare with those of
other groups. The internal arrangement of this group could be observed as capillary
plexuses in many areas corresponding to the cytoarchitectonic strata of the superior
colliculus. This is also evident in the cat (111), anuran (66) and man (5, 47). The
superficial layer is with the highest vascular density of the capillary networks. The
suggestion is made that a lot of numerous of neurons in this layer associates with the
visual activities (73, 74, 77, 78, 112). It is evident that there is close relationship
among cytoarchitecture , richness of the capillary networks and the neuronal activity.

As observed in the midbrain of man (7, 44) and the cat (113), the arterial
anastomoses could be observed in the perimesencephalic part (pial or external part of
the midbrain). Such the external arterial anastomoses could be well observed in the
dorsal aspect especially in the area of tectum. This is also true in man (7, 44), cat (9),

fish, bird and chicken (3), guinea pig (14) and anuran (66). Which could be the reason
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why the infarction in this area is very rare (115). In the ventral aspect, as in the man
(29, 47), the arterial anastomoses could be less frequently demonstrated among the
direct perforating arteries in the interpeduncular fossa (IF). It is also noted that they
are considerable amounts of arterial anastomoses on the surface of the cerebral cortex
in the common tree shrew (62) and rarely seen in thalamus (115). It is reasonable as
the surface area of cerebral cortex is relatively large while that of the thalamus is
rather small but the thalamus receives blood supply from branches of both ICA and
the vertebrobasilar systems. It should be noted that the arterial anastomoses in the
internal part of the midbrain in the common tree shrew could not be observed. The
penetrating arterioles terminate into capillary networks as observed in all mammals,
especially, in the primates. In opossum and marsupial, however, the capillary
networks are not present. Instead, the capillary loops are found (4, 116).

The smooth muscle cells wrapping around the artery including the arteriolar
and precapillary sphincters are usually found in the midbrain as well as in the
thalamus (115) and in the human cerebral cortex (55, 56). These features could be
participated in the regulating of blood flow into the capillary networks. As in the most
parts of the tree shrew brain, the capillaries in the midbrain are without the
fenestrations. However, the fenestrated capillaries in the tree shrew brain had been
observed in choroid plexus (65), pineal gland (61) and pituitary gland (60). This type
of capillaries has also been reported in the early developed chicken optic tectumn (117).

With the light microscopic study of the midbrain paraffin sections in parallel
to that of the sections of the midbrain vascular corrosion cast, it is obvious that the

midbrain nuclei locate in the tegmentum are with a lot of blood supply. This finding is
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also true in the dog (11) and the guinea pig (14). The dense vascularity could also be
seen in the oculomotor nuclear complex, red nucleus, trochlear and interpeduncular
nuclei. In pars compacta of SN, the capillary networks are much denser than those in
other parts. This is quite similar to what has been reported in man (118), cat, monkey
(119, 120) and primétes (121). As in the rat (122, 123, 124), the central nucleus of
inferior colliculus is with the greatest capillary density in the midbrain. The less
vascularized areas are the crus cerebri and lateral part of the midbrain. These areas
contain nerve fibers predominantly. It is quite certain that the degree of vascularity
depends on the density of nerve cells.

The venous drainage of the midbrain in common tree shrew is quite similar to
that in man (5, 50, 125, 126, 127, 128) but somewhat different from the guinea pig
(14) and dog (11, 129). In man and in the common tree shrew, the venous drainage in
the midbrain could be divided into anterior or petrosal, superior or galenic and
posterior groups (130, 131). It is noted that the basal vein in common tree shrew
drains the venous blood into both petrosal and galenic groups but dominantly into the
great cerebral vein of Galen as in man (125, 127, 130, 131). However, in the dog, this
vein drains mainly into the superior petrosal sinus (129). The collicular or
quadrigeminal vein in the tree shrew collects the venous blood into the rectus sinus.
This is different from man that this vein flows into the grc;,at vein of Galen (51, 127).

So far, the tree shrew (Tupaiidae) has been classified as a member of the Order
Insectivores (17, 133) or of Order Primates (16, 19, 134, 135, 136, 137) while many
authors suggest that it is a transitional form of mammal when basing on the

neuroanatomical data of the visual pathway (18, 67, 68, 138, 139). In this study, the
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anatomy and histology of the midbrain in common tree shrew (7Tupaia glis) can not be
used as good criteria to classify this animal as Insectivores, Primates or in a separate
Order as Order Scandentia (140). However, this study indicates that the midbrain
microvascularization in the common tree shrew (Tupaia glis) is very similar to that of

higher primates.
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CHAPTER VII

CONCLUSIONS

The microvascularization of the midbrain in common tree shrew (Tupaia glis)
has been studied by vascular corrosion cast technique with stereomicroscope and

scanning electron microscope (SEM). The findings are:

I. The arterial supply the midbrain

1. The blood supply the midbrain comes from the vertebrobasilar system and
its branches. They are the basilar artery bifurcation, superior cerebellar, posterior
cerebral, medial posterior choroidal and collicular arteries.

2. These arteries give off branches penetrating into the internal part of the
midbrain in the radial pattern. It is the centripetal arrangement directing toward the
cerebral aqueduct.

3. The penetrating arteries of the midbrain could be divided into anteromedial,
anterolateral, lateral and posterior groups according to the points of penetration and
the corresponding territories that they supply.

4. The arterial anastomoses could be observed in the perimesencephalic or pial
or external part but not in the deep part of the midbrain.

5. The midbrain capillaries are without the fenestration.
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6. The degree of vascularity in the midbrain is closely related to the density of
nerve cells. The vascular density is high in the areas occupied by the midbrain nuclei

and the low in the areas containing nerve fibers.

I1. The venous drainage of the midbrain

1. The venous drainage could be divided into the anterior or petrosal group, the
superior or galenic group and the posterior group.

2. The venous blood from the area ventral to the cerebral aqueduct is collected
into the posterior communicating, peduncular and anterior mesencephalic veins that
empty into the basal vein. The basal vein and the vein of the pontomesencephalic
sulcus drain into the anterior or petrosal group.

3. The superior or galenic group receives the venous blood from the
thalamocollicular vein, the lateral and dorsal aqueductal veins that drain into the great
vein of Galen, rectus sinus, transverse sinus and finally into the external jugular vein
predominantly.

4. The posterior group drains the venous blood from the superficial vein of the

quadrigeminal plate and collicular veins into the rectus and transverse sinuses.
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APPENDIX I

The common Tree Shrew

Taxonomic Status

Kingdom: Animal
Subkingdom: Metazoa

Branch: Enterozoa

Division: Bilateria

Section: Eucoelomata
Phylum: Chordata

Group: Craniata
Subphylum: Gnathostomata (Jawed Vertebrates)
Superclass: Tetrapoda
Class: Mammalia
Subclass: Eutheria
Order: Primate or Insectivore or Scandentia
Suborder: 1. Prosimii

Infraorder: Lamuriformes
2. Menotyphla

Family: Tupaiidae
Subfamily: Tupaiinae

Genus: Tupaia
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Synonyms

Species: glis

Subspecies: At least 13 subspecies

Serex glis (Diard, 1820)

Tupaia feruginea (Raffles,1821)
Tupaia miillendorffi (Matschie, 1898)
Tupaia sordida (Miller, 1900)

Tupaia chrysomalla (Miller,1900)
Tupaia phaeura (Miller,1902)

Tupaia castanea (Miller,1903)
Tupaia pulonis (Miller,1903)

Tupaia tephrura (Miller,1903)
Tupaia chrysogastra (Miller,1903)
Tupaia discolor (Lyon, 1906)

Tupaia siaca (Lyon, 1908)

Tupaia lacernata (Thomas& Wroughton, 1909)
Tupaia cuyonis (Miller,1910)

Tupaia raviana (Lyon, 1911)

Tupaia pemangilis (Lyon, 1911)
Tupaia obscura (Kloss, 1911)

Tupaia riabus (Lyon, 1913)

Tupaia anabae (Lyon, 1913)
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Vernacular Names
Common tree Shrew
Spitzhérnchen
Tupaia furrugineux
Painted tree shrew
Mill’s tree shrew
Tupajas
Topaies
Tupayes

Tupaide’s

Diagnosis
A large tree shrew with a bushy tail that is slightly less to a little more than

body length.

Distribution
From Nepal and Sikkim east South China and throughout Southeast Asia to
Indonesia but not in Philippine. In Thailand, the following are Thai subspecies that
divided into mainland and island subspecies.
Mainland subspecies:
1. Tupaia glis ferruginea
2. Tupaia glischinensia

3. Tupaia gliswilkensoni
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4. Tupaia glis charissa

5. Tupaia glis belangeri

6. Tupaia glis laotum

7. Tupaia glis olivacea

8. Tupaia glis concolor
Island subspecies:

1. Tupaia glis larcernata

2. Tupaia glis cognata

3. Tupaia glisoperosa

4. Tupaia glis ultima

5. Tupaia glis sinus

Characteristics of common tree shrew
Morphological characteristics
Size Male
Body length (mm):  161-240
Tail length (mm): 145-196

Weight average (g): 177
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Female
175-240
140-190

159

Color: The dorsal parts are red-dish, olive, shades of brown and gray to almost

black

: The ventral part is whitish or buff to dark brown

Cranium: Primate-like, rounder, elongated muzzle and small brain case

laterally directed orbits but show a part orbital bar
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Brain: More complex than that insectivore, the olfactory center reduced, the
visual apparatus enhanced, neocortex expanded
Nose: Elongated shrew-like nose terminating in a naked moist snout
Long whiskers: Absent
Eyes: Relatively large, located in the anterolateral side of head and completely
encircled by bone
Ears: Quite human inform

Dental formula: Total teeth are 38

Incisor Canine Premolar Molar
2 1 3 3
3 1 3 3

Limbs:

Forelimb: Highly mobility, bones of the forearm articulate to allow
pronation and supination. Thumb can oppose to the other
digits but limited extent

Hindlimb: Longer than forelimb, tibia and fibula are joined by

ligaments that can not rotate. Ankle joint can perform lateral
movement

Digits: Five fully formed digits on each hand and foot, all digits bear

claws, not nails and fully opposable

Tail: Long and slender, but well haired, the longer hairs are confined to

the dorsal surface but the ventral surface lacking long hairs

Chromosome: Diploid number =60
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Reproductive system:
In female: Mammae: 1-3 pairs, Uterus: Bicornuate

In male: Testis: Scrotal testes, Penis: Pendulous penis

Tupaia glis is distinguished from other general of tree shrew by this feature:
1. The lower lobe of the ear is smaller than the upper part.
2. The naked area on top of the nose is cut squarely across instead of being
slightly prolonged backward in the midline.

3. The tail is covered by long hairs.

The main similarities between tree shrew and primates:

Skull: Snout relatively short, enlarged, forward-facing orbits, postorbital bar
present, pattern of bones in medial orbital wall, enlarged braincase,
advanced form of auditory ossicles

Dentition: Tooth comb present in front of lower jaw

Limbs: Highly mobile, ridged skin on palms and soles, five fully formed digits
on each hand and foot, grasping hand characteristic

Brain and sense organ: Olfactory apparatus reduced, visual apparatus

enhanced, avascular area of macula, neocortex
expanded, calcarine sulcus present

Reproductive: Pendulous penis, scrotal testes, discoidal placenta and small

number of feat

Miscellaneous: Caecum present
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The main similarities between tree shrews and insectivore:
1. All digits bear claws and not nails
2. The vision is not fully stereoscopic
3. The auditory bulla is constituted from the entotympanic bones and not the

petrosal or petrosal plus the ectotympanic

Ecology and Behavior

The common tree shrews actually spend much of their time on the ground
foraging on the forest floor and generally omnivorous, eating anything they come
across, including ants, termites, beetles, fruit, spiders, seeds, bugs and even lizards
and small rodents. There is no evidence that they shovel through the forest litter as
shrews do.

Tree shrews are nervous and aggressive animals. Males will not tolerate the
presence of other males, through there seems to be little fighting between the sexes.
They typically form pairs which are strongly territorial and follow the same pathways
within their territory. They are very fond of water and often bath in water-filled
hollows of tree.

There is no indication of a breeding season. Pregnancies have been observed to
be associated with the period of low rainfall; June, July and August. Nests are built in
hole in fallen trees, hallow bamboo or similar site. The gestation period is
approximately 41-50 days. The numbers of young are 1-4 (usually 2). Newborn is
pink, hairless and has closed eyes. Pigmentation appears on the fourth day. Hair

begins to grow on the fifth day. Teeth begin to appear about the eleventh day and the
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eyes open on the twenty-fifth day. At sixth months, they are sexually mature.

Longevity is 2-3 years, with the maximum of 5.5 years in captivity.
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APPENDIX I

Batson’s # 17 Plastic Mixture for Vascular Casting

Plastic Mixture Preparation

Batson’s # 17 Monomer base solution* 12.5 ml
Batson’s # 17 Catalyst* 3.5ml
Batson’s # 17 Promoter* 0.5 ml
Acron Denture Base ** 6.5 ml

Prepared in an ice bath, the solution are mixed thoroughly and used
immediately.
* Batson’s corrosion kit can be obtained from:
Polyscience, Inc.
Paul Valley Industrial Park
Warring, Pa. 18976 USA
** Acron Denture Base can be obtained from:
Yoawarach

Bangkok, Thailand
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APPENDIX III

Bouin’s Solution (Bouin, 1897)

Saturated aqueous picric acid 750 ml
40% Formaldehyde 250 ml
Glacial acetic acid 50 ml

Bouin’s solution is not used in histochemistry but preserves
morphological features, especially of connective tissue. This fixative is valuable for
purely histological work because physical distortion of tissue is minimal. However,
intracellular structures other than nuclei are poorly preserved. Specimens are usually
fixed in Bouin’s solution for 24 hours, but material stored in it for several months is
sometimes still usable. Each of Bouin’s solution composition is described following:

1. Picric acid [CéH2(NO2);0H or 2,4,6- trinitrophenol]

Picric acid is trinitrophenol. It is a much stronger acid than
unsubstitited phenol aqueous solution owing to the electron-withdrawing effect of the

three-nitro groups on the hydroxyl group:

02 02
NO OH *™—— NO, O "+ HY
02 NO2

Trinitrophenol is a bright yellow solid. It is dangerously explosive when dry and is
therefore stored under water. It is sparingly soluble in water (about 1% at room

temperature) but more so in alcohol (nearly 5%) and benzene (10%).
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2.Formaldehyde

C=0
H

It is solution in water to containing 37-40% by weight of the gas in water and sold

formaldehyde is a gas (-21°C) with the structural formula

under the name of 40% formaldehyde or formalin. In aqueous solution, formaldehyde
1s present as methylene hydrate or methylene glycol, the product of the reaction:
H,C=0 + H,0 *— HOCH,OH

Therefore, formalin also contains solution polymers of the form HO(CH20)nH (n =
2-8), know as lower polyoxymethylene glycol. The polymers are hydrolyzed when
formalin is diluted with on excess of water. Thus, trioxymethylene glycol
(HO(CH,0);H): HO(CH,0)3H + 2H,0 === 3HOCH,OH. Formalin also contains
methanol (commonly about 10% v/v) which is added a stabilizer to inhibit the
polymerization. Methanol is formed by formaldehyde a hemiacetal (methylal), Which
is more stable than methylene hydrate:

OH
H,C=0+CH;0H *— HZC/
\OH—OH3

The content of formaldehyde in a fixative is best denoted by stating the percentage by
weight of the gas rather than the amount of formalin used in preparing the mixture.
Thus, 4% formaldehyde is referred to 10% formalin (for the same solution), though
the latter designation is in common use.

Formaldehyde reacts with several parts of protein molecules. The
methylene glycol molecule added to many functional groups to form hemiacetal and
related adducts. For example, with primary amines (N-terminal amino acids and lysine

side-chain):
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H H

| /
COOH-F-CHZ-CHZ-CHZ-CH2-NH2 +HOCH,0OH & COOH—C-CHz-CHz-CHz-CHZ-N\ +H,0

H CH,-OH

This reaction are all readily reversible by washing in water or alcohol. However, the
hemiacetal-like adducts all have free hydroxymethyl groups and there are capable of

further reaction with functional groups of protein:

Proteinf -CH,OH + H-{Proteink ——  |Protein -CH,- [Protein|+ H,O

Thus, different protein molecules can be joined together by methylene
bridges, which are chemically stable. Cross-linking of protein molecules by
formaldehyde is much slower than the other fixative agents and requires 1-2 weeks for
completion at room temperature. For non-histological methods especially for the
nervous system, work better after complete fixation very long periods of storage in the
formaldehyde solution results in excessive hardening, loss stain ability of nuclei.

Formaldehyde preserves most lipids. The chemical reactions of
formaldehyde with lipid under ordinary conditions of fixation are 1). Addition to the
amine groups of phosphatidyl ethanolamine which is probably reversible by washing
in water 2). Prevention of the histochemical reactivity of plasmologens owing to
oxidation, probably to a glycol, of the ethylenic linkage next to the other group.

Formaldehyde dose not react with carbohydrate. All common
mucosubstances can be demonstrated after fixation with formaldehyde through
appreciable quantities of glycogen are lost. Bouin’s solution are preferable to
formaldehyde because 1). It protects the tissue against damaging effects of embedding
in wax, and 2). Staining with almost of dyes is brighter then after formaldehyde
alone. In addition, formalin gives off an unpleasant vapor that causes irritable to the
eyes, respiratory epithelium and unpleasant “formalin dermatitis” after immersion of

hands in this solution.
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3.Glacial acetic acid (CH;COOH)

Pure acetic acid is called “glacial” because it solidifies at 17°C if water
free. It does not fix protein, but it coagulates nucleic acids. The mechanism by which
this change is brought about is obscure. Gracial acetic acid is included in fixative
mixtures to preserve chromosomes, precipitate the chromatin of interphase nuclei and

oppose the shirking actions of other agents such as ethanol and picric acid.
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APPENDIX IV

Cresyl Fast Violet Stain Paraffin Section
Fixative: Bouin’s solution
Section: Paraffin section at 10 um

Preparation of stain:

Cresyl Fast Violet (Cresyl Violet Acetate) lg
Distilled Water 100 ml
Method:

1. Dewax section and remove wax with xylene, rinse in second dish of
xylene.

2. Rinse in absolute, 95%, 90%, 80%, 70% alcohol and bring to distilled

water.

3. Cover with filtered cresyl fast violet, stain for 20-30 minutes.

4. Wash in distilled water and place in 70%, 80%, 90% alcohol.

5. Leave in 95% alcohol until excess stain has been removed.

6. Pass through absolute alcohol into three changes of xylene and mount in
Canada balsam.

Results:

e Nissl substance deep purple-dark blue

¢ Nuclei and some cytoplasmic process of neuron purple-blue

e Background colorless

Note:
1. Cresyl Violet Acetate (No C.I. number; M.W. 321)

NH,"OOCCH; (p-quinoid form)
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Cresyl Violet Acetate is the modern equivalent of cresyl fast violet (cresyl echt violet).
Both are often loosely formed “cresyl violet”. They are useful as violet cationic dyes,
soluble in water and alcohol. They are popular as “Nissl stains” for nervous tissue.
Basing on the structures of the major chromopholic systems, cresyl violet acetate is
synthetic oxazine dye which consists of the oxazine chromophore [ ﬁ ]-
The oxazine chromophore has obvious similarity to those of the azine and thaizine
dyes and exists in o-quinonoid form (with positive change attributed to the oxygen)
and p-quinonoid form.

2. If only Nissl substance in required to be demonstrated the stain is acidified

with 0.25 percentage acid.
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APPENDIX V

Film Processing for SEM Photograph

Negative Film Processing

1.
2.

Note:

Load the exposed film into the film holder in the dark room.

Wash the film in the cool distilled water (20-21°C) for 1 minute to clear
the excessive softening of the emulsion.

Develop with Microdol-X (22°C) with continuously stirred for 12.5
minutes to silver metallic under alkaline condition.

Wash in the distilled water for 1 minute.

Place in stop bath (acetic acid) for 1 minute to stop the reaction of the
developer.

After washing in the distilled water for 1 minute, the film is immersed in a
fixer to convert silver thiosulfate that is water-soluble. this step is under
acidic condition which will neutralize excess alkaline developer that
preventing film fog.

Wash in distilled water before placing in hypoclearing agent for 2 minutes.
The well developed film can be visualized under the room light. It is rinsed
in the tap water for 10-15 minutes before dipping in the water-repellent
fluid (photo flo) for 1-2 minutes to prevent water spots.

Finally, the film is dried in the film dryer or left in the opened air.

. The process of film development involves a redox reaction. Black and

white photographic film contains small grains of silver bromide, evenly
over a thin gelatin coating on paper. Exposures of the film to light activates
silver bromide as follow:

AgBr + Light —— AgBr* (AgBr affected by light)

Next, the exposed film is treated with a developer, a solution containing a mild

reducing agent such as hydroquinone as follows:
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H %
2AgBr*(s) + (aq) —*> 2Ag(s) + 2HBr(aq) + Q (aq)
OH 0]
Hydroquinone Quinone

In this redox process, The Ag” ions in the activated AgBr are preferentially
reduced to metallic (silver) while hydroquinone is oxidized to quinone. After placing
in acetic acid (HC;H30,) to complete reaction with hydroquinone, the unreacted AgBr
must be removed from the film by treated with a fixer. The fixer is a solution

containing sodium thiosulfate (Na,S;03) to removed the silver ions:

AgBI(s) + 25,05 (aq) Ag(S,03)7° (aq) + Br (aq)
Enlargement and Printing

The quality of the negative film should be evaluated prior enlarging. To
classified the quality according to the contrast are three groups. The low contrast
negative film requires high contrast papers (BH papers), while the medium to high
contrast negative film should require the normal to low contrast papers (BN to BS
papers). The process of enlargement and printing is done under the safe light as
follows:

1. Place the negative film on the negative holder by emulsion down.

2. Turn on the light source of enlarger and open the aperture widely.

3. Adjust the enlarger by either raising up or lowing down for the

appropriated size as need. The image is projected on the easel.
4. The sharp grains on the image, seeing with the image focuser, is adjusted

by focusing knob.
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5. Adjust the easel until the image fills on the paper.

6. Set the appropriate aperture.

7. Turn off the light of the enlarger and set the proper exposure time.

8. Place the photographic paper in the easel, turn on the light of the enlarger

and allow exposing it for the desired time.
9. Take the exposed paper and submerged in developer (Dextol:water = 1:2).
10. Transfer the developed paper to stop bath for 20 to 30 second minutes.
11. Rinse in running tap water and dip in fixer for fixer for 15 minutes.
12. Wash the photograph in running tap water for 30 minutes to 1 hour.
13. Submerge in a dilute water-repellent agent (Photo flo) for 15 minutes.
14. Dry with the print dryer or air dry and the scanning electron micrograph is

now ready for evaluation.
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