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ABSTRACT

The morphology and cytoarchitecture of the
brainstem of the one humped camel was studied, and
the nbservations were reported and discussed in

this work,

Forty camel brainstems ob“ainrd from the
abattoir were used for the morphnlogic and morpho-
metric studies, The following salient observations

were reported and discussed,
a. The pyramids are small in the camel,

b. There is no inferior slivaryv promirence

in the camel,
c. The gracile tubercle is inconspicuocus,
d. The cnrpus trapezoideum is smsall,

e. The medial eminence and the facial

colliculus are not praominent,

f. Stria medullares of the fourth ventricle

is not found in the camel,

£. The pons it smell and all »f it is

pretrigeminal.

h. The trigeminal nerves are very rick.



m,

The cerebral peduncles are not highly
developed in evolution~ry terms as its

length is more than its width,

Transverse crural tract is poorly

developed,

The rostral colliculi are large and

prominent,

The lateral geniculate bodies are very

large but the medial geniculsate bodies

are small,

The pineal gland is large, lobulated

externally and saccular,
The thalami are small,
The hypophysis is very large.

The mammillary body is one solid mass

and it is small,

For the cytoarchitectural studies, the

brainstem were cut into three parts viz, the

diencephalon, the mesencephalon and the remaining

portion which is made up of the pons and the

medulla oblongata. The brainstems were divided up

into three parts to facilitate processing, Each of



the parts was processed by double embedding method
using paraffin and celloidin, Transverse, horizontal
and sagittal sections were cut from each of the

three parts., Each section was 24um thick snd the

sections were stained with toluidine blu~.

The red nucleus was studied into more detail
than any of the oth¢r nuclei in the brainstem, A
model of the red nucleus was also made using
bristol board and paraffin. The red nucleus was
studied into more detail because of its prominence

in the mesencephalon,

The following important observations were

made on the cytoarchitectural studies.

The red nucleus was reconstructed using Leitz
drawing device and bristsl board. The following

observations were made and discussed,

a, The medulla oblongata of the c2mel in
general resembles thet of nther domestic 2nimals,
However, the nucleus gracilis is unusually small;
the principal olivary nucleus is poorly developed
and the superior olive and the trapezoid bodies

are small.



b. The rostral ceolliculi have prominent

lamination and four laminae were identified,

¢. The red nucleus is very large and is made
up of parvocellular and magnocellular parts, The
giant neurons of the magnocellular part are much

larger than any such neurons reported in literature,
d. The oculomotor nucleus is well developed,

e. The trochlear nucleus is small and is well
separated from the oculomotor nucleus, and an

accessory trochlear nucleus is present,

f. The lateral geniculete nucleus is large
and is made up of prominent neurons but it is poorly

larinated,
g. The substentia nigra is well developed,

h. The lateral group of thalamic nuclei are
well developed especially the nucleus lateralis

pars posterior, .

i. The nucleus ventralis posteromedialis is

well developed,

j. The paraventricular and supraoptic nuclel

of the hypothalamus are very large and prominent,

k. The pretectal area is fairly large and nucleil

were identified in this area,



INTRODUCTION

In the degert and semi-desert environments the
camel milk serves as an important source of animal
protein and more importantly as a source of vitamin C
and because of this fact camel milk is consumed in
large quantities in these areas. The value of milk
rich in vitamin C in arid or semi-arid areas, where
there are no vegetables, cannot be overemphasized.
Camel meat, as a source of znimal pretein, is
consumed in large guantities in Nigeria as the
slaughter figures show {Table 1). Much work has been
dene to improve camel production with the intention
of making its meat and milk adequate for the protein
reqguirements of the people living in these areas

{Burgemeister, 1978; Leopold, 1968 and Nanda, 1957).

The c¢zmel has made its greatest contribution in
the area of transport with which it has been widely
associated, The camel played a very important role
as a source of transport in the history of the
people of North Africa and of those living in arid
or semi-arid areas and especially of the famouss
trans=Saharan trade, The use of the camel for -
transport for long and short distances and the o s

possible role of the camel for transport by the army



attracted much interest (Gillepsie, 1962 and Bulliet,
1975).

The camel is also used as a draught animal

(Mcnight, 1969; Knoess, 1977).

Apart from the socio=-economic uses of the camel,
interest in the camel was evoked by its unigue
qualities of adaptation tc a dry environment., The
camel is known to surviwve without water for some
days in a dry and hot environment., It can live in
areas where there is little food and where other
animals can hardly survive (Burgemeister, 1978).
Envornmental physiologists and anatomists became

interested in the camel for these reasons,

Many sreas of the anatomy of the camel have
been studied (Dagg, 1974; Taher et al,, 1975;
Pousty, 1977 and El-Shaieb, 1978). Although a2 good
volume of literature has accumulated on the anatomy
of the camel, there is dearth of information on the
central nervous system even though the study of the
central nervous system could contribute to the
understanding of some of the unique behaviour of the
camel., The study of the hypothalamus, for example,
could provide information that might be useful to

the understanding of homeostasis in the camel. The



camel can survive in desert conditions without water
for several days. Also the gait of camel is
characteristic and suited to the sandy soil, The

motor tracts of the spinal cord as well as other

parts of the central nervous system need to be

studied in greater detail to explain these
characteristic traits of camel, Most of the literature
on the central nervous system of the camel is on the
cerebral cortex (Reperant, 1971; Abdulhamid, 1973;
Barone, 1973; Lesuer, 1982; Ghaji, 1983). Literature

on the brainstem of the camel is scanty (Slimane et al.,
1969; Kanagasuntheram et al,, 1970; Taher et al.,
19753and Flieger, 1981). Apart from the work of
Kanagasuntheram et al. (1980) which covered the nuclei
of the diencephalon, all the other studies were
confined to a few nuclei only. A comprehensive work
on the brainstem of the camel has not been done, In
the present study the author intends to make a
comprehensive study of the morphology and
cytoarchitecture of the brainstem of the one humped

camel (Camelus dromedarius).

The objectives of this study are: a) to make a
comprehensive study of the morphology and
cytoarchitecture of the brainstem in the one humped

camel, b) to reconstruct the red nucleus and c) to



compare the findings with those of other animals

especially the ungulates,



REVIEW OF LITERATURE

Medulla Oblongata

While the general descriptive information given
by textbooks is the same for 2ll mammals, the
artiodactyla have no inferior olivary prominence,
and the pyramids are poorly developed in these

animals (Marsden and Rowland, 1965).

Pons

According to Harper =nd Maser (1975) the pons
increases in size progressively from lower animals
in which there are prominent pre 2nd post pontine
sulci, to primates in which the pre and post pontine

sulci are obliterated.

Mesencephalon

The rostral colliculi are bigger than the
caudal celliculi in the horse and ox while in the
pig the rostral colliculi are smaller than the
caudal colliculi (cf Getty, 1975). The tegmental
region and the cerebral crura are best developed in

higher mammals (cf Ariens-Kappers et al, 1966),



Goldin (1931) studied the cerebral crura in many
mammals and reported that the index of the width
to length is less than I in dolichomorphs and is

greater I in brachymorphs,
Diencephalon

Some informetion on the dimensicns of the
pineal gland of the pig and ox have been given
and it is mentioned that the lateral geniculate
bodies are larger than the medial geniculate bodies

in ruminants, (cf Getty, 1975).
CYTOARCHITECTURAL STUDIES
Myelencephalon

Strzalk and Flieger (1981) found that the vagal
nucleus of the camel is 126mm long and is subdivided
into median, medial and lateral groups which were
maintained in the whele length of the nucleus except
in the caudal segments., They also found that in the
camel there are four types of cells in the vagal
nucleus namely, multipoler cells of medium and lerge
size (30-70um), spindle shaped cells (40=50um), oval
shaped cells (25=35um) and.triangular cells (30-60um).



The vestibular nucleus was studied in two camels
by Jastrzabski et al (1979/81) who subdivided the
caudal vestibular nucleus into lateral and medial
parts. The rostral vestibular nucleus was divided

into dorsal and ventral parts,

Diencephalon

The diencephalon was studied in two camels by
Kanagasuntheram et al (1970) and the following account

is based on their report,

The thalamic nuclei were subdivided into the
anterior group, medial group, midline group, lateral
group and ventral groups. The anterior group
consists of nucleus anterior ventralis, nucleus
anterior dorsalis and the nuclcus anterior medialis.
The nucleus anterior ventralis is subdivided into
three or four subgroups by fibre bundles, The
nuclei anterior medialis of both sides meet in
the midline to form the nucleus commissuralis inter

anteromedialis.,

The medial group of thalamic nuclei is made
up of the nucleus medialis dorsalis, nucleus para=-

centralis, nucleus parafascicularis, centrum



medianum, nucleus submedius and nucleus paratae-
nialis, The nucleus medialis dorsalis is fairly
large and it fuses with the nucleus parafascicularis
in its caudal half., The nucleus paracentralis is
distinct 2nd is broken up by fibre bundles presenting
a reticulated appesrance, The nucleus parafascicu-
laris is not distinct as the cells are not derkly
stained and as it merges in its caudal half with

the nucleus medialis dorsalis, The nucleus centrum
medianum is poorly developed and is made up of pale
staining neurons, The nucleus submedius and the

nucleus parataenialis are small,

The midline group of thalamic nuclei consisting
of nucleus commissuralis interanterodorsalis,
interanteromedialis, rhomboidalis, reuniens,
centralis medialis and paraventricularis are not

prominent in the camel,

The lateral group of thalamic nuclei are well
developed in the camel ond include: the nucleus
lateralis pars dorsalis, the nucleus lateralis
intermedia, nucleus lateralis pars posterior, nucl
nucleus suprageniculatus and the pulvinar, The
pretectal nucleus and the nucleus of the posterisr
commissure were also included in the lateral group

of thalamic nuclei by the suthors.



The ventral group of thalamic nuclei is made up
of nucleus ventralis anterior, nucleus ventralis
lateralis, nucleus ventrzalis posterior and the
nucleus ventralis intermedius. The nucleus ventralis
posterior is well developed in the camel especially

the medial part,

The metathalamus is made up of nucleus
geniculstus lateralis pars dorsalis and the nucleus
geniculatus medialis, The nucleus geniculatus
lateralis pars dorsalis is poorly laminated, Only
three layers were identified limited to the rostral
portinn of the nucleus, The nucleus geniculatus
medialis is fused with the medial extension of the
pulvinar in the camel, The nucleus has no magno=-

celluler part,

In the epithalamus of the camel two nuclei were
identified: nucleus habenularis lateralis and nucleus
habenularis medialis, The nucleus habenularis
medialis is composed of darkstaining medium sized

neurons grouped together in a compact mass,

In the subthalamus the nucleus geniculatus
lateralis pars ventralis is poorly developed. The
nucleus subthalemicus is lens shaped in cross section

and it does not show any special features. The
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substantiza nigra in the camel is made up of the pers
compacte, pars reticularis and the pars lateralis,
The pars compacta and the pars lateralis are smsall
and the pars reticulata is large. The nucleus
reticularis pars ventralis, the entopeduncular
nucleus and the H, and H, Fields of Forel were

identified in the camel,

The hypothalamus was subdivided by the authors
into the enterior (rostral) hypothalamic area, the
middle hypothalamic area and the caudal hypothalamic
area, The anterior hypothalamic area which cannot
be easily separated from the preoptic area is made
of the nucleus hypothalamicus anterior, nucleus
suprachiasmaticus, nucleus supraopticus lateralis,
nucleus supraopticus medialis and the nucleus para-
ventricularis., The most remarkable feature of the
hypothalamus in the camel is the extensive development
of the supraoptic nuclei and the paraventricular
nuclei, In the middle hypothalamic area nucleus
hypothalamicus dorsomedialis, nucleus hypothalamicus
ventromedialis, the nucleus hypothalamicus periventri-
cularis and nucleus tuberalis were found., Of these
nucleil, the nucleus hypothalemicus dorsomedialis and
the nucleus hypothalamicus ventromedialis are not

prominent, In the posterior hypothalamic area, the
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nucleus mammillaris laterslis, nucleus mammillaris
medialis, nucleus interstititalis supramammillaris
and the nucleus hypothalamicus posterior were found,
The nucleus mammillaris medialis is very large in
the camel and is subdivided into a ventrolateral, a

dorsolateral, and a medial component.

The preoptic area is made up of nucleus
preopticus medianus, nucleus preopticus principalis,
nucleus preopticus interstitialis, nucleus preopticus
magnocellularis, nucleus preopticus periventricularis
and nucleus interstitialis pedunculi thalemi

inferioris,
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MATERIALS AND METHODS

Forty camel heads were obtained from the Kano
abattoir for the morphometric studies, The brains
were removed according to the method of Harper and
Maser (1975)., They were stored in 4% formal
dehyde fortdlin for 2t lesst three to four weeks,
The hardened brains were removed from the formalin
and the meninges carefully removed, They were then

weighed whole and their weights recorded,

To isolate the brainstem the longitudinal - ..s
fissure between the cerebral hemispheres was
gently widcned with the left thumb and fingers; a
scapel was inserted and the corpus callosum was cut
lengthwise from the splenium to the genu, The
diencephalon beceme visible, The internal capsule
fibres were then cut carefully on one wide with a
scapel, The brain was turned upside down and a cut
made Jjust rostral to the optic tracts and parallel
to them to facilitate cutting off the internal
capsule and freeing the hemisphere on that side,
The operation was repeated on the other side, Next,
the eerebellum wos remoted by sutting its peduncles
on either side 2nd also the rostral medullary velwnm,
The separated parta of the brain were stored in

separate containers in 10% busifered péntral formalin,

f
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The brainstems were removed, clezned and weighed
and the weights recorded, Measurements of the
various parts of the brainstems were carried ocut and
recorded. The measurements were undertaken with
vernier calipers and a 30 cm ruler, A piece of
thread was used to measure rounded ports like the
colliculi »nd thalami., Photographs of the dorsal,

ventrnl snd 1~tersl aspects were taken.

For histolegicnal studies, immediately after
decepitation of the camel in the abattoir, four
brains were first perfused with physiological seline
solution through the common carotid artery to flush
the brain free of blood. This procedure was
immediately fdddowed by perfusion of the brroin with
10% neutral buffered formzlin., The brains were then
extracted according to the method of Harper =nd Masser
(1975) 2nd were immersed in formalin solution for two
weeks, They were taken out and the brainstem obtained
as described earlier (ante prge #). A somprehensive
study of the red nucleus was done before the <tudy
of the other nwelei, For this parpose, one braine
atem was processed whole and seetioned at 24mm, Evw
Every 10th section was mounted and stained (Methed
given below). From the study of these slides, the
approximate limits of the red nuclews were determined,

Having obtained the limits of the red nuclews, three
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brainstems were prepared for embedding thus: Each

of the three brninstems were cut into three segments
by two transverse cuts, The rostral cut was made
Just in front of the pineal gland whilc the cawmdal
cut was made 1cm caudal to the caudal collicmli to
isolate the middle segmentg which was essentially

the midbrsin with - bit of the diencephslon rostrally
and 2 bit of the metencephnlon camdally bearing in
mind the approximate limits of the red nucleus
earlier obteined from the preliminary studies, The
three isolated midbrain segments were embedded for
cutting sections in the transverse, ssgittal and
horizontal planes, The serial sections prepared from
the midbrain werec used to study the nuclei of the

midbrain,

The diencephalon was processed separately after
isolation. Three diencephnalons were processed to
be cut in the horizontsl, tronsverse znd sagittal
planes, The hindbrain (medulla and poms) was 2180
processed scparately, Three hindbrains were processed
to be cut serially in the transverse, horizontal and

sagittal planea,

Double embedding prosess (Adogwa nnd Lakshminarasimhan,

1982)

The segments of the brainstem were double embedded

in selloidin-paraffin, The varioms steps of the
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embedding procedure are¢ as follows:-

1. 80% alcohol 4 days
2. 95% alcohol I 1 day
3. 95% alcohol II 1 day
4, 95% alcohol III 1 day

5. Absolate alcohol/ether mixtare (1:1) I Shouwrs

8. Absolute nlcohol/ether mixture (1:1) II 9hours

7. 1% Celloidin 6 days
8. Chloraoform I 18 hours
9. Chloroform II 188hours

10. Paraffin (melting point 56°C-58°C) I 12hours
11. Paraffin (melting point 56°C~58°C) II 12hours

The tissues were solidified in perz2ffin overnight
2t room temperature, The following morning paraffin
IT was melted out by gradually raising its temperatwre
on & hot plate and the tissues were taken oat and
infiltrated with fresh paraffin III under vyaswum for
2 hours, The midbrains were embedded in freah
peraffin in such a way that the orientation eould

result in transverse, &4agittal and horizontal planes,

Serial trensverse, sagittal and horizontal
sections of 24um thickness were mzde, The sections
were floated on warm water in a trough. The sections
were then picked up on slides =nd excess water removed
from the sections with a blotting paper dipped in 70%

alcohol, The sections were mounted on specisal slides
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of size 76 x 50mm because they were large. The
adhesive used wzs Spoerri's (1939) starch after
albumin was found unsuitsble, The slides were kept

in the incubator =2t 37 C for 24 hours bcgore staining,

Staining

Three st~ins were used:

1. Toludine blue *'0?

2., Gnallocyanin alone

3. Gallocyznin counterstained with methyl green,
These stains were used for sections of the midbrain,
For the diencephalon'and the myelencephalon only
toludine blue '0O' was used, The stains were prepared
according tc the method of Augulis and Sepinwall
(1969, 1971), For the midbrain sections two out of
every three slides were stained with toludine blue,
The third slide was stained with either geallocyanin

alone or with gallocy2anin and methyl green,

The steining procedure of Augulis and Sepinwall
(1969, 1971); =2nd Lzkshminarasimhan (1978) were
modified in this work, The details zre as followa:~

1. Xylene I 2 minntes

2. Xylene II minntes

4, Absolmte =2leohol

2
3. Xylene I1I 2 minutes
Chloraform ;

1:1 1 minmte
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5. 0.5% Celloidin 2 minute
6. Air dry 1 minute
7. 80% =lcohol 2 minutes

8. Rinsed in water
9., Toluildne blue 'O 20 hours

10. Kkinsecd in water

11, 80% alcohol 1 minute
12, Absnlute alcohel -

Chlorofarm 31.1 1 minute
13. Xylene I 1 minute
14, Xylene 1T 1 minute
15. Xylene III 1 minute

The sections were then mounted in DPX., The
sections were covered with 0,5% celloidin to give
it added protection when the sections were found to
be peeling off, Absolute zlcchol/chlorsform mixture
(1:1) was used to prevent dissolution of the
celloidin, Care was taken nct to leave the sections
in distilled water beyond rinsing to prevent the

secticns from soaking in water and peeling off,
The sections were air dried for only 2 minmtes.

For gallocysnin stain alone*gand for gsallocyanin
counterstained with methylgrecn, after step 8 above,
the sectinns were merdanted for 30 minutes in 1%
iron alum s~lution (NHAFU(SOQ)2.12H 0) Lavendar ¢olour

only, and freshly preparcd évervtime adeording to
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Augulis and Sepinwall (1971). The sections were
thoroughly washed in distilled water until no more
colour came off, They were then stained in gallocyanin
for 3 hours, The sections were washed by passing
through many successive changes of distilled water,
They were then passed through steps 10-15 and mounted
in DPX. The gallocyenin and the gallocyanin/methyl
green stains were intended for myeloarchitectural and

cytomyeloarchitectural studies to be done later,

For the third procedure, the sections were washed
after gallocyanin by passing them through successive
changes of distilled water =snd they were then counter
stained with methylgreen for 10 minutes, The sections
were agnin properly washed and pessed through steps

10-15 above after which they were mounted in DPX,

The cells were measured with ocular micrometer
after calibrating with & stage micrometer

(Graticules Ltd. ).

A three dimensional reconstration of the red
nucleus was made from serial sections thus: drawings
of the traunsverse, sagittal and horizontal sections
were made with a Leitz microscope and a Leitz tracing
device on bristol board., Outlines of the nucleus
were drawn from every section,  Each of the outlines

wasg cut out of the bristcl board represents a section.
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All the cut pieces were than sarrenged in the proper
order of serial sections, each outline representing

a section of the red nucleus., The cut board outlines
were soaked in molten paraffin wax and then they were
affixed one to the other in the proper order by

means of a hot sprtula, In this way all the cut
outlines were waoxed together in the proper order and
in the corre 2t topographical location of the cell
categories. This reconstruction gave a model whose
surface was smoothened out with & hot spatula and
them imme—sed in c¢nld water for some hours to
solidify, This model showed the shape, the form

snd size (magnified to 30 times) nof the red nucleus.

Qutlincs of the height, width and length of the
nucleus were obtained from sections as followst- 1f
n is the number of sections containing the red
nucleus and since each section is 24um thick, the
total amount of tissue containing the nucleus
would be n x 24um, The length of the nuclcus was
ebtained from transverse sections, the width from
sagittal sections and the height from horizontal
sections, It was possible to ebtain these measurements

because all the sections were mounted and stained,

The shrinkage was approximately 16%,
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RESULTS

Part I: Morphology Studies

The brainstem is bounded rostrally by the
lamina terminalis and caudally by the first
cervical nerves at the level of the foramen
magnum, It is made up of the myelencephalon,
metencephalon, mesencephalon and the diencephalon,
The brainstem is obtained by removing the cerebral

hemispheres, the cerebellum and the spinal.cord.

The myelencephalon (Plates)1 - 4)

The medulla otlongata forms the myelencephalon,
It is the caudalmcs$  part of the brzinstem. There
is no line of dermercation between the medulla
oblongata and the spinal cord but the level of the
first cervical nerves is a convenient landmark for
separation, This level is between the attachments
to the neuraxis of the rootlets of the hypoglossal
and first servieal nerves, The rostral limit of
the medulla oblongata is the pontomeduallary Jjunction,
The medulla oblongata is quadrilateral in outline
and is mush-wider rostrally than eaudally and is
sompressed dorsoventrally. Its ventral surfaee

resta on the basilar portion of the occipital bone,
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while its dorsal surface is covered by the
cerebellum. The ventral surface of the medulla
oblongata is divided into two halves by the ventral
median fissure, Each half is subdivided into a
ventral and latera2l part by the ventrolateral sulcus
which is faintly visible. Bordering the ventral
median fissure on both sides are the pyramids. The
medulla oblongata is 3,8cm long and 3,Jcm wide.

The pyramids measure 0.5cm in width (mediolaterally)

and disappears 3cm caudal to the pons (Table 2),

The most rostral part of the medulla oblongata
bordering the pons is the corpus trapezoideum, which
is modified into a transverse band of fibres, The

corpus trapezoideum is not prominent,

There is no prominence on the rostral part of
the medul’a oblongata similar to the inferior olivary

prominence of primates,

The dorsal surface of the medulla oblongata is
grossly divisible into two parts:- A closed caudal
part and an open rostral part, which is modified,
along with the dorsal surfaese of the pons into the
rhomboid fossa, The dorszl surface of the medulla
is divided into two parts by the dorsal median
fissure which is bounded on both sides by the dorsal

funiculus, The dorsal funiculus is bounded laterally
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by the dorsal lateral sulcus, The dorsal funiculus
is occunied by the smnller medial fascieuwlus gracilis and the
larger lateral fasciculus cuneatus and their nuclei
both of which are pushed laterally to form the

caudal border of the floor of the fourth ventricle -
the rhomboid fossa, The cuneate tubercle which is
the most rostral pert of the dorsal funiculus is
fairly large., The gracile tubercle is inconspicuous,
The fossa is iivided into two ecuzl halves by the
dorsomedian sulcus., Each h2lf of the rhomboid

fossa is subdivided by the sulcus limitans, The
rhomboid fossa is formed by the dorsal surfaces of
both the pons and the medulla oblongata., No line

of demarcation can be drawn separating the two.

The rostr-l part of the rhomboid fossa lies

between the sulcus limitans and the rostral
cerebellar peduncle., This, too, is poorly

developed, In the caudal portion of the rhomboid
fossa bordering the dorsomedian sulcus is the

slight eminence of the hypoglossal trigone medial

to the vagal trigone, AdJjacent to the caudal
cerebellar peduncle and bordered medially by the
sulcus limitans is a sonvex prominence which extends
rostrally to the caudal border of the cerebellzsr
peduncle, This corresponds to the underlying
vestibular nuclei. The dorsal cochlear nuclcus is in

the lateral and dorsal aspect of the caudzl cerebellar
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peduncle and appears as a continuation of the

cochlear nerve but ~ it is- not prominent,

The metencephalon

Pons (Pilate 1 & 2)

The metencephalon is made up of the pons and
the cerebellum, Zince the pons alone forms part of
of the brainstem the present study deals with this
structure only. The pons is the segment of the
brainstem betwee¢n the mesencephalon rostrally and
the myelencephalon caudally. The dorsal surface of
the pons is covered by the cerebellum and contributes
to the wpper half of the rhomboid fossa, The ventral
surface of the pons is modified into a prominent
transverse band of fibres, and is longer than it is
wide, It decreases in width from the midline to
the side and besomes the middle serebellar peduncle.
The ventral surfase of the pons is marked by a shallow
median sulcus, The pons is 1.50cm wide (eraniosaudal
extent) and 3.44cm long (Table 2). The fifth
cranial nerve arises saudolateral to the pons at the
Junction of the pons and the medulla oblongata. All
of the pons therefore 1s pretrigeminal (Piate22),
The pons is convex rostrally and plane caudally,

Both the pre and postpantine sulci are prominent.
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The mesencephalon (Plates 3,49

The mesencephalon or the midbrain is the
segment of the brainstem between the dien<ephalon
rostrally and the metencephalon «eaudally. The
mesepcephalon retains to a large extent the
original tubular form with no hemispherie out~
growths., The meseneephalon is subdivided into
three parts:- the tectum, tegmentum, and -¢rura

cerebri or serebral peduncles,

The tectum (Plates 3Z,#)

The tectum is the most dorsal part of the
midbrain, Ventral to the tectum is the eerebral
agueduct, It is modified intc two pairs of rounded
structures, the rostral and caudal ccllicule.

The rostral collieuli are sepsrated from the

saudal eclliculi by transverse grooves and the
right solliculi are separated from the left by a
sagittal groove. The rostral sollisuli are mush
bigger than the saudal eollisuli and messure 1,60em
wide, 1.4cm long and 1.7em wide and 0.79em in
~height (Table 2). The caudal colliculi extend
laterally beyond the rostral ones, and they are
ovoid in shape with & prominent point which is

directed dorsocaudolaterally, The caudal telliculi
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are connected to the medial geniculate bodies while
the rostral colliculi are connected to lateral
geniculate bodies by the brachia of the medial and
lateral geniculate bodies respectively., The brachia
of the caudal ceollicull are more preminent than

those of the rostral colliculi.

The tegmentun {(Piate 1)

The tegmentum is situated ventral to the
mesencephalic agueduct and is closely related to
the central grey substance, Ventrally it is

bordered by the cerebral crura.

The crurs cerebri (Plate 2)

The rerebral crura form the ventralmost part
of the midbrain bordered dorsally by the tegmentwum,
The cerebral crura take their origin from the
cerebral cortex and converge caudally at the base
of the brain. The angle of convergence of the two
cerebral crura is 30°. The cerebral crura are
separated from each other by intersrursl fossa,
This fossa is perforated by blood vessels eaudal to
the wommild Tery body and this region is known as the
caudal perforated substance, Transverse crural

tract divides the cerebral crura into two parts -
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rostral and caudal parts., This tract is poorly
developed in the camel, FEach of the crura is
subdivided inte medial and lateral halves by a
sulcus, the medial part being larger than the

lateral,

The oculomotor nerve arises from the rostral
end of the caudal division of the crura. The
cerebral crurs sre 2,3cm long and 1.6cm wide L

(Table 2),
Diencephalon (Plates 1,2,3)

The diencephalon is the most restral psrt of
the brainstem. Its caudal limits are the g@udalr.or
commissure dorsally and the caudal end of the
mammillary body ventrally. Rostrally the diencepha~
lon 1s bounded by the interventricular foramen
dorsally while the optic tracts and the optic chiasma
form the ventral boundary, The third ventricle
separates the right and the left thalami, The
rostral boundary is marked by the lamina terminalis.'
Laterally, the diencephalon is bounded by the tail
of the saudate nucleus, the stria terminalis and
the posterior 1imb of the internal sapsule, The
diencephalon is made up of the epithelamus, thalamus,

hypothalamus, subthalamus and the metathalamus.
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The epithalamus

The epithalamus consists of the pineal gland,
habenula and the saudal wommissure, 'The pineal
gland consists of a body and a stalk or peduncie,
The pineal gland whish is nodular in shape is
grossly divided into three or more lobes and
measures 0,6am in length, 0.8em in width and
0.6cm in height; the stalk is O.acm long and is
tubular (Table 2). It has a rounded base which
rests in the midline between the two rostral
colliculi at the junction of the thalami and the
rostral colliculi. The stalk is formed by the
caudal eommissure and the habenulsar commissure and
forms the habentlar recess of the third ventricle,
The stalk is connected to the rostral part of the
pineal gland. The pineal gland is richly supplied

with blood vessels at the rostral part,

The hebenular (Plate 1) is a small tfiangular
mass located on the dorsomedial aspect of the
thalamus rostral to the pineal gland, The gaudal
commissure is a fairly large bundle of fibres whish
cerosses the median plane dorsal to the point where
the cerebral aqueduct opens into the third ventricle.
Some of the fibres serve to connect together the two

rostral colliculi. The habenular commissure is thick,
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The thalamus (Plate 1}3)

There are two thalami which are obliquely
oriented egg-shaped nuclear masses of grey matter
situated on cach side of the third ventricle, Each
thalamus lies between the interventricular foramen
rostrally anl the caudal commissure caudally and
extends from the third ventricle medially to the
medial border of the caudal limb of the internal
capsule laterally. The lateral and caudal parts
of the thalamus are enlargea. A narrow lateral =«
strip of the dorsal surface, the lamins affixa
forms the floor of the vlateral ventricles, this
strip is adJjacent to the body and tail of the
caudate nucleus. Each thalamus has two ends and
four surfaces. The two ends arc rostral and caudal,
The rostral end is narrow and forms the caudal
boundary of the interventricular foramen and the
expended saudal end is called the pulvinar, The
surfaces are dorsal, ventral, medial and lateral.
The dersal surface 1s free, sonvex and is sseparated
from the saudate nucleus by the stristterminal zs.
Because the two dorsal surfaces are convex there
is a depression in the midline between these two
surfaces rostral to the pineal gland and the dorsal
to the third ventricle, The ventral surfase is

continuous with the tegmentum of the midbrain. The
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medial surface forms the medizl wall of the third
ventricle, Part of this surface is connected to
the opposite thalamus by the thick interthalamic
adhesion. The third ventricle is much reduced
because of the interthalamic adhesion., The lateral
surface consists of projection fibres which form
the caudal 1imb of the internal capsule. Each
thalamas is 7 .4%cm long 2.2cm wide and 3cm _high

(Table 2).

The petatholamus (Fig. 1)

The retathalamus consists of the 1lateral and
medial geniculate hodies, The lateral geniculate
bodies are large, prominent and run obliquely to
the midline., They are much larger than the medial
geniculat. bodies which are oval and lie ventro-
lateral t» them. The optic tracts end in the
lateral pgeniculate bodies, The lateral geniculate
bodies overshadow the pulwvinar, The medial geniculate
bodies sare small and inconspicuous, They lie between
the lateral geniculate bodies rostrally, the cerebral

crura ventrzlly and the saudal genieculate bodies

saudally,.
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The hypothalamus (Plate 1)

The hypothalamus is the most ventral part of
the diencephalen. It is ventral to the hypothalamic
sulcus and forms the ventral and lateral walls of
the third ventricle, The hypothalamus consists of
the optic trncts, the optic chiasma, the infundi-
bulum, the tuber cinereum and the mammillary body
ventrally. The optic tracts and optic chiasma form
the rostralt 1imit of the hypothalamus. The tracts
are flat white fibre bands coursing latersally and
then disappearing into the lateral geniculate
bodies. The infundibulum is caudal to the optic
chiasma and forms the attachment of the hypophysic
to the brain. The tuber cinereum is an elevated grey
area rostral to the mammillary bodies, 1t is to the
tuber cinereum that the infundibulum is attached,
The mamillary bodies are the most caudal part of
the hypothalamus, The rostrocaudal extent of the
hypothalamus is 2.2cm and the width is 1.5cm

(Teble 2). The optic tracts are 3,5cm long from

the point of crossing over to the point of disappearance

inte the lateral geniculate bhodies (Teble 2). The

[ VR 1" N

optic tract has a diameter of 0,5cm (Plates 2, 4, Table 2).

The mamillary bodies of both sides in the camel are
fused together in the midline to form & single

structure. The memillary body fuses with the tuber
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cinereum and ig not clearly demarcated from the

latter,
The subthalamus

The subthalamus is situated between the
thalamus and the tegmentum of the mesencephalon
and forms a ~one of transition between these two
structures, Lateral to it, the internal capsule
Joins the cerebral peduncles and medial and rostral
to "it lies the hyprthalamus. The subthalamus 1is
not visible in a whole brain or in a sagittal view

of a hemi section of the brain.
Cranial nerves attsched to the brainstem {Plates 2,3,@)

Seven pairs of cranial nerves (the fifth to
the twelfth) attach to the ventral surface of the
medulla oblongata. The hypoglossal nerve is the
most caudal of these and arises from the medulla
oblongata at the level of the pyramidal decussation.
The rootlets of this nerve are arrahged craniocaudally
in direct line with the ventral roots of the spinal
nerves, The accessory nerve, the eleventh cranial
nerve, originates from the medulla oblongata by two
roots, cranial and spinal, The spinal root arises

from the cervical part of the spinal cord while the
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cranial root arises from the dorsolateral aspect

of the medulla oblongata,

The vagus nerve;, the tenth cranial nerve, is
attached to the labweral aspect of the medulla
oblongata by several filaments which are in series
with those of the ninth cranial nerve rostrally and

the eleventh cranial nerve caudally,

The ninch »ranial nerve, the glossopharyngeal
nerve, emerges from the ventrolateral surface of
the brainstem rostral to the rootlets of the vagus

nerve,

The vestibulocochlear and facial nerves arise
close together near the lateral border of the

trapezoid body,

The abducent nerve leaves the brainstem at the
level of the trapezoid body at the lateral border
of the pyramids medial to the seventh and eight

cranial nerves,

The fifth cranial nerve, the trigeminal nerve,
is a thick nerve attached caudolaterslly to the pons,
This nerve arises at the junction of the pons and
the medulla coblongata., It arises in such a way

that all of the pons is pretrigeminal,
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The fourth cranial nerve, the trochlesr nerve,
is the only cranial nerve that emerges from the
dorsal surface of the brainstem. It is a delicate

nerve which arises caudal to the caudal colliculi,

The third cranial nerve, the nculomotor nerve,
ariscs from the ventral surface of the brainstem,
in the intercrursl fossa medial to the cerebreal
peduncle, 2imost midway between the pons and the

mamillery body.

The second cranial nerves, the optic nerves,
as described earlier, form the rostral boundary of
the brainstem. 7Tney 2re flat bands that cross
ventromediz2lly to form the optic chiasme, from where
they run laterally to disappear into the lateral
geniculate bodies. The optic nerve of the camel
has 2 swelling before it decussates in the optic
chiasme, This swclling whose significance is

unknown, is peculisr to the camel,
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Part III: Cytoarchitectural Btudies

.'* Medulla oblongata

Cranial nerye nuclei

1. Fypoglossal nuclems: The hypeglossal
nucleus (Figs, 1,2,3; Fldte 5) is a long ruclkeus'in the camel
measuring 25mm long and it is made up of prominent
well stained ncurons that are bigger than those of
the dorsally placed motor nucleus of the vagus nerye,
The hypoglossal nuclcus is found in the eaudal
medulla oblongata ventral and medial to the vagdl
nucleus throughout its extent., It is found close
to the median raphe within the ventricular grey.

The neurons zre mostly of the large motor type,

The nucleus is subdivided into a ventromedieal,
dorsolateral, and ventrolateral partrs but the
subdivisions are not very distinct, The dersolateral
part persists throughomt the nuclews and at samdal
levels of the nueleus its neurons are adjoining

those of the dorsal nusleus ef the vagus nerve,

The dorsolateral subdivision has more compactly
arranged neurons. The neurons are mostly 30-60mm

in diameter.
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Nucleus of Roller ' ' - )

This nucleus is poorly developed in the camel,
It is found ventral to the hypoglossal nucleus
represented only by very few neurons. The neurons
are large gstortype similar t» those of the hypoglo-
ssal nucleus (about 50um)., The nucleus appears

to be s subdivision of the hypogloss=sl nucleus,
Nucleus intercalatus (Plate 5)

This is a sharply circumscribed nucleus of
medium sirked multipolar neurons (30-45um) similar
to those of the vagal motor nucleus to which it is
closely associzted. It is internosed between the

vagal and the hypoglossal nuclei,
Nucleus praepositus (Figs. 5,6; Plats 6,7)

The nucleus extends rostrally from the hypoglossal
nucleus, It is bordered laterally by the rostral
part of the dorsal vagal motor nucleus, It is
related to the medial vestibular nucleus rostrally
and caudally to the hypoglossal nucleus, It does
not extend as far as the abducens nucleus in the
camel, The nuéleus is made up of small neurons

(about 15um) &nd is not subdivided.
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lMucleus interfascicularis hypoglossi

The nucleus is found ventromedial to the
hypoglossal nucleus., The neurons are found
surrounding the fibers of the hynoglossal nucleus
as they exit from the hypoglosssl nucleus, The
neurons are also dispersed within the reticular
formation arc.und the exiting fibres cof the
hypoglossal rucleus.

Motor nucleus of the vagus nerve (Figs, 1.2,2

y4; Plates
»8,9)
This nucleus lies close to the fourth ventricle
in its rostral half, rostral to the cbex and lies
much deeper csudally. The nucleus is bhordered
laterally in its rostral part by the solitary complex,
ventrally by the hypoglossal nucleus and the nucleus
intercalatus and dorsally by the fourth ventricle,
This nucleus ferms a slender column of neurons
oriented mediolaterally and almost meeting at the
midline, The nucleus is thicker and more roundish
rostrally where it becomes more superficially placed.
It is longer than the wventrally placed hypoglossal
nucleus and extends rcstrally and caudally beyond
the hypoglossal nucleus. The nucleus is made ap of
small neurons (20=35um) in its ¢audal half and hes

an admixture of small (20-30um), medium (30-50um)
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and large neurons (50-70um) rostrally. However, the
neurons of this nucleus are smaller than those of
the hypoglossal nucleus, Multipolar, spindle-shaped
and oval neurons are found dispersed within the
nucleus, The spindle-shaped neurons predominate

and are arranged obliqmely at caudal parts of the
medulla oblongata but at rostral levels the

multipolar ncurons predominate,

Nucleus solitarius (Figs, 2,3,4; Plates 10,71)

The nucleus is divisible into three parts
acsording to cell size and density, and asgording
to their relation with the motor nucleus of the
vagus nerve, The subdivisions are: sommissural,
medial and lateral. The aommissural part is a
condensation of very small (about Sum)
neurons in the midline at caudal levels of the
nucleus. The neurons in this part have a high
packing density, The medial subdivision is much
larger and extends through the length of the nucleus,
It is plaaed dorsolateral to the dorzal nucleus of
the vagus nerve and it is related medially to the
nucleus grasilis and rostrally to the medial
wvestibular nueleus, It is also made up of &mall
neurons (about 8um) similar to those of the

commissural psrt but are less deeply stained, The
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packing density of this subdivision is lower than

that of the commissural part, The lateral subdivision
is found in the caudal helf of the nucleus related

to the mediel aspect of the tractus solitarius and

it is represented by a few large motor type of

neurons ventreolateral to the motor nucleus of the
vagus nerv¥e, The neurons are multipolar and

measure between 50-90um,
Nuclcus ambiguus (Figs. 3)4; Plz=tes 12,13)

The nucleus is small, located in the lateral }
reticular formation caudal to the facial nucleus and
rostral to the lateral retiewlar nueleus, It is
well circumscribed with prominent moteor type neurons
cimilar to those of the facial nucleus, It is
4,3mm long and is found at the level of the rcstral
part of the motor nucleus of the vagus nerve, It
is medial to the spinal traet and the nucleus of the
trigeminal nerve, The neurons have various shepes,
end sizes., They are mostly multipolar and measure

about 3%um in diameter,
The vestibular eompley (Figs., 6,7,8,14,15)

The vestibular complex lies beneath the vestibular

area of the rhomboid fossz and is 24um long, 1t is
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made up of four nuclei: rostral, lateral, medial
and caudal vestibular nuclei., The rostral vestibular
nucleus (Fig, 8) is the smallest of the four - .
nuclei and it is located at camdal levwels of the
motor nucleas of the trigeminal nerve to which it
is dorsclaterally placed. The rostral westibular
nucleus is 6mm long and it is made up of small
neurons, The s8ize of the neurons range from 10um
to 35um in dizmeter, The fairly large neurons of
about 35um in diameter are few. The neurons are
round or oval in shape and are multipolar, The
cell density in thic nucleus is low, At its eaudsl
part it is borderad ventromedially by the lateral
vestibular nucleus. The rostral vestibular nucleus

is not subdivided,

The lateral vestibmlar nucleus (Fig.7,8} Plate 15) at
its rostral end is adjacent to the rostral vestibular
nucleus to whieh it is medielly 2nd ventrally plased,

The lateral wvestibular nucleus is made up of large
motor type neurons, Neurons as large as 80mm in
dismeter are found in this nucleus. The neurons are
variocusly shapcd, Thcy ere fusiform and triangular,
The nucleus is subdivided into two parts:=- the
daorsomedial 2nd wentrolateral, The dorsomedial part
is roundish and is more aompaat than the ventrolateral

part. The subdivision is more obvious at rostral
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levels of the nucleus. The ventrolateral zubdivision
is in the form of a lateral prolongation of the
medial subdivision, Its neurons are oriented

_;obliquely.

The caudal vestibular nucleus {(Fig. g8 ), is
smaller than the leteral vestibular nucleus and is | i
placed 1éteral tn the medial vestibular nucleus,
It is difficult to separate it from the 1atéra1

wvestibular nuslcus sinee both nuclel are made ap of

I I e,

very large nemrons (80um) and are not distinctly

separated from eash other, It is also not subdivided,

The medial vistibular nualeus (Fig, &3 Plate ) is large
and is located in the ventrisular grey, It is
medial to the saudal half of the lateral vestlbular
nucleus and also te the saudal vestibular nuclemns,
It is made up of small neurcons (195-30um) mainly but
medium sized (30-50um) neurons are also found in
this nucleus where it merges with the lateral
~Vestibular nucleus, The larpge and medium sized
cells de¢rease in number rostroeaudally. The medial
vestibular nucleus is replaced caudally by the
medial and lateral subdivisions of the nueleus

seolitarius,
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Cochlear nuclei

There are two cochlear nuclei - ventral and
dorsal. The dorsal cochlear nucleus (Fig.7; Plates 20,21) is
in the pontomcdullary Jjunetion saudasl to the level
of the facial nerve nuclcus, It is found in the
tegmentum lateral to the emerging fibres of the
cochlear nerve, Tt is a compact collection of
small roundish neurons evenly distributed tihroughout

the nucleus, The neurons are 15um in diamewver,

The ventral cochlear nucleus (Fig, 7) is found
at the level of the facial nucleus, It is much
bigger than the dorsal cochlear nueleus and is
made up of large round neurons at the ventral part
of the exiting fibres of the vestibuloeeshlear nerve,

The neurons are about 3%5um in diameter,

Fagial nucleus (Figes 5,6; Plate 15)

The nusleus is 12mm long and is made up of large
motortype neurons, 1t is located in the lateral
tegmentum rostral to the nucleus ambigums.and caudal
to the motor nucleus of the trigeminal nerve, 1t
is made up of prominent well stained multipolar
neurons. Some sm2ll (20-30um) and medium sized

(30-50um) neurons are also found among the large
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neurecns (50«90um)t Most of the neurons are about
35mm in diemeter. The nucleus is subdivided into

a medial, dorsal, yentral and latcral part, The
ventral part contains larger multipolar neurons, v
the dorsal part is smell and is made up of medium
sized, small and large neurons. The lateral part is
leopely organised and contains medium and large
neurons and *the medial contains mainly small neurons
(PLlate1?) with some medium sized and a few large

neurons.
Abducens nucleus (Plate 18)

This nucleus i1s located at the pontomedually
Junction beneath the facial colliculus and lateral
to the medial longitudinal fasc¢iculus, It is caudal
to the motor nucleus of the trigemiral at the level
of the facial nucleus. It is a small nucleus composed
of medium sized mulitipolar neurons (30-50um) widely
dispersed by fibers, It is well circumscribed and
is 2.8mm long. S e ¥

-l

The trigeminal complex (¥ _, . ¥
The trigeminal complex is made up of a large

sensory and smaller motor components, The sensory

nuclel are three in number: the nucleus of the spinal
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tract, the principal sensory nucleus and the
mesencephallc sensnry nucleus. The nucleus of the
spinal tract is continuous with the gelatinous
substance of the dorsal hgorn caudally and rostrally

with the principal sensory nucleus,

Nucleus of spinal tract of trigeminal nerve (Figs 3,4,5)

The spinal nucleus of the trigeminal tract is
located medial to the spinal tract of the trigeminal
nerve, The neurons are mostly small (8-~15um).

At caudal levels the nucleus is made up exclusively

of the very small neurons (8-15um). At more rostral
levels especially a2t the level of the cuneate nucleus
(i.e. the open part of the medulla oblongata) medium
sized (30-50um) neurons are found in the nucleus.

The rostral pert contains small neurons (8=15um)

also. The nucleus is therefore subdivided into
caudal, medial and rostral parts called the subnucleus
caudalis, subnucleus interpglaris and subnucleus

oralis respectively.

The principsl or mezin sensory nucleus (Fig, 6)
of the trigeminal nerve is located lateral to the
motor nucleus of the trigeminal nerve at the level
of entrance of trigeminal fibres. It is made up
of small (20-30um) snd medium sized (30-40um)

poorly stained neurons.



The mesencephalic nucleus (Figs. 9+16; Plate 19) the
trigeminal nerve extends from rostral levels of
the principal sensory nucleus caudally to the caudal
diencephslon restrally. Tt appears tn he very well
developed in the camel, The arrangement of its
plump neurons varies at variocus levels of the
nucleus, The nourons are most numerous at collicular
levels, At the level of the oculomotor nucleus the
cell density of the nucleus is high. At medullsry
levels the necurons are more compactly arranged than
at cellicular levels where they tend to aggregate
in small groups bordering the ventrioular grey.
At caudal diencephalic regions, only few neurons
were secen, They are large neurons measuring between
LO=-80um,

The motor nucleus {(Fig.7; Plates 22,23 of the

trigeminal

nerve is located at the pontomedullary junction.
It is oval in shape and is ariented dorsoventrally.
Tne nucleus is well circumscribed, made up of
motortype neurons, The neurons range between
© 30=50um and are mostly iriangular, multipolar and
oval in shape, At its largest diameter the nucleus
contains about 100 neurons, It is 8.omm long and
is subdivided into dorsal, intermediate and ventral

parts,
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Other Nuclei of the Medulla Oblongata
Nucleus cuneatus

The cuneate nucleus is 23mm long and is placed
dorsolateral to the spinal tract of the trigeminal
nerve, At rostral levels the nucleus forms a cap
over the tract and three parts of the nucleus were
identified in reletion to the spinal tract of the
trigeminal nerve. These are the dorsal, the lateral
and the medial pérts. The dorsal part (Fig.3,4) is
placed over the spinal tract of the trigeminal
nerve, The medial part is small and it is related
to the spinal tract of the trigeminal nerve con its
dorsomedial aspect, The lateral part (Fig. 3,4,%) is
placed lateral to the spinal tract of the trigeminal
nerve, The dorsal part is the largest of the three
parts. The neurons are generally sparsely distributed
and are found in small growps. They are predominantly
medium sized neurons (30-50em) with some small
(20-30um) neurons and a few large neurons interspersed
{50-60um) among them: - The necurons of the medial
cuneate nucleus (Fig. 4), are smaller (20-30um) than
those of the lateral cuneate nucleus. The medisal
cuneate nueleus extends more'saudally then the

lateral cuneate nucleus,
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Nucleus gracilis (Fig. 1)

This is a small nucleus placed medial to the
nucleus cuncatus at lower meduallary levels., It is
made up of small neurons (20=30um) which are much
smaller than those of the cuneate nuclcus, This

nucleus is very small in the camel.
Nucleus reticularis leteralis (Figs 1,2)

The nucleus reticularis lateralis is.located
in the ventrolateral tegmentum caudal to the nuclens
ambiguus, The nucleus 1s well circumscribed, large
and traversed by fibres. It is lateral to the
olivary complex, It is made up of motortype neurons
measuring 30-35um in diameter, The neurons are
fusiform, oval and triangular in shape. Some of the
fusiform neurons seen in the nucleus are as long as
60um. The nucleus is subdivided in its middle part
into a dorsal, ventral and ventrolateral subgroup.
The ventrolateral subgroup is the largest and contains
more of the larger neurons (30-60um) than the dorsal
and ventrolateral subgreeps, Thec dorsal and ventro-
lateral subgroups are made up of small neurons {(30mm).
The ventrolateral suhgromp is present mainly in the

middle pert of the nusleus,
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Nucleus locus coeruleus (Figs. 10,11,12; Plates 24,25)

This alcleus 71 . , is found at the rostral
edge of the facial colliculus where it adjoins the
restiform body, It is medial to the mesewtephalhia
nucleus of the trigeminal nerve. At its rostral
levels it is poorly demareated and is dispersed
among fibres of the central tegmental tract. The
nucleus is better organised in its caudal half where
it is obliquely oricnted medial to the mesencephalic
nucleus of the trigeminal nerve. At caudal levels
of the nucleus it becomes related dorscmedially te
the moter nucleus of the trigeminal nerve, The
ncurons are dark staining and are essentially of
the small type (20-35um), Some medium sized neurons
(30-40um)} and a few large neurons (50-60um) were

found in the nucleus,
Nucleus gigantocellularis

This is a large nucleus (Fig,3-6% Pdatesif6up7) found in
medial tegmentum on both sides of the median raphe, e
The nucleus extends from caudal pontine levels to
the rostral half of the medulla oblongata, In its
rostral two-~thirds, the nucleus is placed medial to

the nucleus ambiguus, The inferior olivary nuclear

complex is related o Xk s ~tlr mnoLt o7l



48

to this nucleus on its ventral aspect. It is made

up of lzrge (50-90um), medium (30-50um) 2nd small
(20-30um) neurons, The neurons are multipolar
fusiform; trianguler and oval in shape: HMany of

the neurons are slender and elongsted and oriented
mediolaterally, MNeurons as large as 90um in diameter
are found in this nucleus. At caudal levels, a
lateral extension of the nucleug covering the dorso-
lateral aspect of the inferior olivary complex fs

found,
Nucleus paragigar‘ocellularis dorsalis (Fig. 6)

This is a differentiated part of the nucleus
gigantocellularis at the level of the medial vesti-
bular nucleus, It is located in the dorsal medial
tegmentum and it is related to the nucleus giganto-
vellularis on its dorsomediael aspect. The neurons

are multipolar cells exclusively (50~9Qum).
Nucleus paragigantocellularis lateralis (Fig. 6)

This nucleus is found in the lateral tegmentum
as a latersl extension of the nuclems gigantocellu-
leris, Its 4ells are irregularly disperscd and are
similar to those of the nucleus gigantocellularis.

The neurons are large (50-90um) medium sized (30-50um)
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and small (20-30Cum). Most of ti'» neurons are
large and medium sized, The large neurons are
fusiform and multipolar, the medium sized neurons
are oval and triangular in shape i1

» and the small neurons are oval in shape,

Nucleus parvocellularis

The dorsolateral tegmentum of the lower midorain
and upper pons contains emall to medium sized cells
(15-40um), These are widely dispersed ~mong fibres
of the reticular formation. The neurons are smaller
than those of the nuclcus gigantocellularis which
is ventral to it, The nucleus is not very cellular

in the camel,

Inferior olivary complex

The inferior olivary nuclear complex (Fig. 1-%)
is mede up of characteristically sm21l (15-Z0um)
round and oval neurons with large nuclei, In its
rostral half, it is related dJorsally to the nuclens
gigantoeellularis and medially to the median raphe,
Laterally, it is related to the superior olivary
nucleus, As in other mammals the olivary complex
is made up of three nuelei: #$he principal inferior

olivary nusleus, the medial accessory inferior olivary
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nucleus and the dorsal accesseory inferior olivary
nucleus. Of the three nuclel the dorsal accessory

inferior olivary nucleus is much the smallest.

The medial accessory olivary nucleus is very
large in the camel, extending throughout the length
of the nucleus. The principal olivary nucleus is
only found in the rostral two-thirds of the nucleer
complex, In the caudal two-thirds of the princiual
inferior olivary nucleus, it is laminated unevenly,.
Two laminae were identified; the ventral and dorsal
laminae, The ventral lamina is thin and long while
the dorsal lamina is thick and oval in shape. In
some parts, the principal olivary nucleus 1s split
into two. The neurons are all small {(15-30um) and

similar,
Nweleus of superior olive

The nueleus of the superior olite (Figs. 7,8):
a colleetion of small (15-20um) ncurons situated
ventrolaterally to the motor nucleus of the trigeminal
nerve in its rostral part and medial to the fasial
nucleus in its ecaudal part, It is made up exclusively
of small poorly staincd neurons. Some fairly large
(20=30um) neurons sre placed lateral to main nucleus,

This might constitute the lateral part of this nu«leus,
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Nucleus of the trapezoid body (Flgs 7,8)

It is ventral to the motor nucleus of the
trigeminal nerve and rostral to the facial nucleus.,
Medizlly it is related to the superior olivary
nucleus. The nucleus is a small collection of

motortype neurons (20-50um),
Nuclei lemnisci lateralis and dorsalis (Fig. 10-14)

Mes.These are two nuclei . . . ..t
(dorsal and ventral) associated with the lateral
lemniscus at the level of the inferior colliculus,
The nuclei a2re located lateral to the lateral
lemniscas, The ventrzl nucleus is the more prominent
of the two and is made up mediwm sized neurons
(30-50um) resembling thoaé.of the locus coerulems
which is also found at the samel level, The netrons

are multipolar,

The dorsal nuclemns is placed ventral to the
restiform body and is dorsal to the ventral nucleus,
The neurons are of the small type (about 10mm)
resembling those of the dorsally plased nucleus

parabrachialis lateralis,
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Part III: Pons (Fig. 9-¥4,°Rtsees 28,39,30)

The pontine grey is located in the basilar
portion of the pons as a densely populated cluster
of neurons divided up by fibres of the corticospinal
tract into medial, ventral and laterz2l parts, The
medial part is subﬁivided into dorsal and ventral
portions., The medial subdivision of both ;ides meet
in the midline. The dorsal subdivision of the
medial pert contains motortype neurons (35um).

Some of the newrons are found within fibres of the
corticospinal tract. The lateral process of the
pontine grcy is also subdivided into a dorsal part
made wp of medium- shzed ncurons (35um) and =2

ventral part mesde up of small neurons (10-20wm).

The ventral portion of the pons is made up

exclusively of small neurons (10-20um),

In the caudal half of the pons medium sized
(30-50um) neurons are found dorsal to the corticospinal
fibres (Fig.910) and *he medial lemniscus forming
the Sepralemmiscel rarts of this nucleus, The
neurons of the supralemnisc2l parts are well stained

and prominent,
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Nucleus papilliformis

The nucleus papilliformis (Figa 10,11) fousn:
at pontine levels where it is dorsally related to
the medial lamniscus, 1ts neurons mixing with those
of the supralemniscal part of the pontine grey.

It is also related to the nucleus centralis
superior subnucleus ventralis 2nd ventrally to

the medial projection of the pontine grey. The
nuclews is very large and is mede up mainly of
medium sized (30-50um) motor type neurons. The
neurons have various chapes but are mostly

stellate and oval, The neurons mix with those of
the pontine grey from which they esre easily
separated because of their large size, The

nucleus is subdivided into dorsomedial and ventro-
lateral parts in its middle parts., The ventrolateral
subdivision adjoins the supralemniscal part of the
pontine grey. The medial subdivision is adjacent
to the nucleus centralis superior subnucleus
ventralis, It ends cawmdally at the pontomeduallsry

Jjunction, The nuclews is 11mm long.

Caudal to the nucleus papilliformis and much
smaller is the satellite nucleus,(*Its =  Ite
neurons are similar to those of the nue¢leus

papilliformis,
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Nucleus pallidus (Fig. 6, Plate 31)

This is a midline nucleus in the medulla
oblongata at the level of the nucleus gigants-
cellularis. The neurons intermix with those of the
nucleus gigantocellularis that borders it laterally.
The neurons ~re multipolar, fusiferm and oval in
shape., Some¢ of them are oriented parallel to the
median raphii:. The neurons are medium sized

(30-50um) and small (415=30umd), -.

Nucleus raphe obscurus (Fig, 9, 10)

This: is a small nucleus found adjoining the
midline ~t the level of the nucleus papilliformis
to which it is medisl. At rostral levels of the
nucleus its neurons intermix with those of the
nucleus papilliformis but they can be diflerentiated
easily besause the neurons are smaller and stain less
deeply. The neurons meaasure abont 15um in diameter,
The nucleus is dorsal tc the medial lemniseus and
the medial projection of the pontine grey. In the
rostral half the nusleus is at first oval in the
midline then it besomes elongated until in the «audal
half it extenda the length of the median raphe and
becomes oblique. The nu<leus diverges from the

midline in the saudal half and its neurons are found
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within the ventrolateral part of the medieal
longitudinal fasciculus, The part of the nucleus
bordering the midline constitutes the nucleus raphe
obscurus subnucleus intraraphales and the curved
part outside the midline is the nucleus raphe
obscurus subnucleus extraraphzles, The two parts

of the nucleus are continuous, The neurons are
small (15-30um) with a few medium sized multipolar
neurons (30-40um). The neurons are spindle shaped
oriented parallel to the raphe. It is related to
the rostral end of the nucleus prepositus hypoglossi
to which it is lateral and separated from the latter

by some fibres of the medial longitudinal fasiculus,

Nucleus paramedianus dorselis

This nucleus is located in the dorsal midline
at the level of the abducens nucleus medial to the
medial longitudinal fesciculus., The nucleus is made
up of small neurons (20-30um). The neurons are oval
in shape with a few multipelar neurons interspersed
between them. It is a small nucleus found on both

sides of the median raphe,
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Nucleus subtrigeminalis (Figs, 3,4)

It is 2 small nucleus and is found at the
level of the abducens nucleus adjoining the medial
edge of the tract and nucleus of the trigeminal
nerve, It is lateral to the superior olivary
nucleus and the nucleus of the trapezeid body in
its rostral part and becomes related to the rostral
part of the facial nucleus in its caudal part. Its
neurons are small (a2bout 20um) but are bigger than

those of spinal nucleus of the trigeminal tract,

Nucleus arcuatus

It is very poorly represented in the camel by
a small, roundish collection of neurons located
within the corticospinal fibres below the medial
accessory inferior olivary complex at the level of
the rostral medulla oblongata., Some of the neurons
of this nucleus are medium sized (30-50wm) and some

are small (20-30um).
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Part IV: Midbrain (mesencephalon)

The midbrain in mammals is subdivided into
the tectum, tegmentum, substantia nigra and crura

cerebri,

The tectum is made up of the corpora quadri-
gemina made¢ up rostral and caudal ccolliculi, The
rostral colliculi are layered (Fig,1° 16) 1our layers
were identified, The outermost layer or stratum
zonale is a thin fibrous layer. This is followed
by a thick layer of dark staining neurons, the
stratum cinereum. The neurons are small (about

(Plates 47,48)

10um in diameter) and densely packed{ The third
layer is a thick fibrous laver consisting of a more
superficial thick fibres and a deeper layer of thin
fibres, This layer has very few widely distributed
neurons, The deepest layer forms the dorsal border
of the central grey. This layer is both cellular

and fibrous. The cellular density is lower than
that of the stratum cinereum but the neurons in the
stratum are lérger. Small (10-30um) and medium sized

neurons (30-50um) are found in this stratum.(Plate 49),
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Caudal colliculi (Fig., 11, 12)

The caudsl colliculi are covercd by a thing
layer of fibres, The core of the cauds2l colliculi
is made up of homogeneously orgenised small (8-10um)

neurons,

Red nucleus (Plates 32-37)

The red nucleus of the ceamel is 8.05mm long,
5.00mm wide and 3,70mm high. The reconstructed
model of the nucleus revesled that it is oval in
shape resembling an egg but with the medial face
flattened =nd shows a projection 2 little rostral to
the middle on its lateral face (Plate 34), The
nucleus is loceted in the mesencephalic tegmentum
at the level of the rostral colliculi ventrolateral

to the oculomotor nucleus,

Five cell types were identified in the red nucleus
of the camel namely: giant, large, medium, smell and
the very sm2ll cells. The giant and large neurons
are multipolar with a prominent nucleus centrally
located within the cytoplasm (Pl te 36). A small dark
nucleolus is also centrally lecated within the clear
nucleus, The ratio of the nucleus to the cytoplasm

in these neurons is low, The small cells are round,
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oval or fusiform shaped with large centrally located
nuclei. The ratio of the nucleus to the cytoplasm

in the small cells is high. The medium sized cells

are intermediate between the large and small cells,

The fifth type ~ the very smell cells are limited

to the laterzl horn of the nucleus., They are

fusiform or oval in shape with & large nucleus and

e poorly strining cytoplasm. The cells are categorised
as follows:= giant cells (90um), large cells (50-89um),
medium cells (3u-49um), small cells (20-29um) and the

very small cells have a diameter of about 14um,

The minimus (very small cells) are limited in
distribution to the lateral horn (Plate 34) of the
nucleus, All the other types of cells are intermingled
throughout the nucleus i,e.,, small medium and large
neurons could be found snywhere in the nucleus,

Two portions of the nucleus were identified:-
magnocellular and parvocellular portions (Fig. 37).
The magnocellular portion made up of predominsntly
large neurons forms the csuda2l two-fifths of the
nucleus, The rostral three-fifths is made up of
predominantly small ncurons known as the parvocellular
portion, In the magnocellular portion of the

number of small cells increases from
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the caudal “o the rostral part. The caudal rost
part has essentially large cells., The ratio of the
large, medium and small cells in this region is
12:2.,5:1. The number of small cells in the
magnocellular portion keeps increasing till the
ratio becomes 3:1:2 at the rostral tip of the
magnocellular portion, The rostral three-fifths

of the nucleus consists essentially of small cells
and is easily differentiated from the magnocellular
portion although no gap exists between the two
portions., The ratio of the larege, medium and

smzall cells in the parvocellular portion in its

full extent is 1:4:15,

The magnocellular portion of the red nucleus
is not subdivided in the camel even though fibres
of the oculomotor nucleus in their course ventrally

Plate 32,35)

pass through parts of this portion (Fig.16,). The
parvocellular portion is subdivided into three
subgroups (Plate ¥):- ventrolateralis parvocellularis,
dorsomedialis parvocellularis and the minirmus forming
the lateral horn. The ventrolateral subgroup
consists of predominantly small cells., The dorsomedial
subgroup is made up of large and medium sized cells

only. Small cells were not found in this part of

the nucleus,
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Oculomotor nuclear complex (Figs. 15,15; Plates 38-41)

The oculomotor nuclear complex of the one
humped camel is made up of two lateral columns
one on either side of the median raphe, the
Edingerwestphal nucleus =nd the caudal central
nucleus, The lateral columns are located dorsal to
the medial longitudinal fasciculus, The nucleus is
placed ventral to the periaqueductal grey at the
level of the rostral colliculi. Although the
nucleus is not subdivided clearly, four parts of the
nucleus were observed, These are the dorsal, the
intermediate, the ventral and the medial portions.
The dorsal portion occupies the region dorsomedial
to the medial longitudinal fasciculus, the ventral
and medial portions occupy the ventral and medial
parts of the nucleus close to the median raphe.
The intermediate part is more laterally placed. In
transverse sections, the nucleus is seen as a
triangular indentation above the medial longitudinel
fasciculus, In horizontal sections the nucleus has
an elongated oval shape with a fairly straight medial
border and a convex lateral border., The length of
the oculomotor nucleus is 2,4mm; the width is 0.7mm
and the height is 1.1mm., The neurons are multipolar
and asre medium sized (30-45wm). Small neurons (20-30um)

are also fomnd in the necleuc,.
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The Edinger-Westphal (Fig: 17, Plates 39, 41)
nucleus is made up of predominantly fusiform neurons
(15-50um) medial to the lateral column. This unpaired
nucleus appears in the rostral third of the lateral
column and extending rostrally beyond them, The
rostral median nucleus described by some authors is
not separated from the Edinger-Westphzl rucleus in the
camel, The neurons of the Edinger-¥estphal nucleus
are much smaller than those of the lateral colomn,
They zre fusiform, oval and roundish in transverse

section, The fusiform neurons predominate,

The caudal central nucleus appears in the caudal
third of the lateral columns, It is a small collec-
tion of neurons connecting the two lateral columns
in their dorsal third. The neurons of this nucleus
are much smaller (ztout 20um) than those of the
lateral columns, and infact resemble those of the
Edinger-Westphal nucleus, but asre slightly bigger.

This nucleus is poorly developed in the camel,

The trochlear nucleus (Plates 42, 43)

The nucleus is found at the level of the caudal
colliculi, It is a discrete and short oval collection
of neurons placed dorsally in the medial longitudinal

fasciculus. The neurons of this nucleus are medium



63

sized (30-45um) and polygonal in shape similar to
thayse of the lateral columns of the oculomotor
nuclear complexs Medially, the nucleus is bounded
by the dorsal nucleus of the raphe, The trochlear
nucleus is well separated from the lateral columns

of the oculomotor nucleus.

Caudal to the trochlear nucleus is an
accessory trcocchlear nucleus which is 2
roundish collection of neurons similar to those
of the trochlear nucleus. The accessory trochlear
nucleus is present on both sides end is separated

from the main nucleus by a gap.

The neurons of both the trochlear and the
oculomotor nuclei are medium sized and multipolar
similar to those of lower motor neurons, They

measure between 20-45um ir size,

The substantia nigra

The substentia nigra (Fig 15-18; Plate 45) is a large
nucleus extending from c¢ranial pontine levels to
the caudal diencephalon, The caudal third of the
nucleus is an oval collection of neurons, It
increases in size gradually becom}ng a thin lamina
of grey matter dorsal to the cerebral peduncles,

It then gradually enlarges dorsoventrally reaching
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its full size at mid levels of the red nucleus.

At this level the nucleus is very large and is oval
in shape; At caudal levels the nucleus is related
medially to the lateral extension of the pontine
grey, seperated from the latter by corticospinal

fibres.

Rostrally, the nucleus is related mecdially to
the ventral tegmental area of Tsai with which it
intermingles, and laterally to the lateral geniculate
body. There is no sharp demarcation between the
medial EHge of the substantia nigra and the neurons

of the tegmental nucleus of Tsai,

The nucleus is subdivided into three parts:-
pars compacta, pars reticulata and pars lateralis,
Pars lateralis is the smallest and the most lateral

of the three,

Pars lateralis (Fig. 18) is most prominent in
the caudal part of the nucleus and its neurons
(15=-30um) are similer to those of the pars compacta

with which it is continuous.

The pars reticulata is small in the samel.
This part is ventral and ventromedial to the pars
compacta., The pars reticulata contains small neurons

similar to those of the pars compacta (15-30mm),
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The nucleus substantia nigra is composed
essentially of the pars compacta, The pars
compacta extends throughout the nucleus and is highly
cellular, The pars compacta is subdivided clearly
into x, ¢ and Y parts, The £ subdivision is the
largest and extends throughout the nucleus, It is
continuous with the pars lateralis. The E subdivi-
sion is dorsomedial to the ¥ subdivision at caudal
levels and bccomes completely medial to it (x subdivi-
sion) at more rostral levels. The B subdivision is
thick and its neurons are slightly smaller than
those of the X subdivision., The neurons of this
subdivision have a higher packing density than those
of the &'subdivision. The Y subdivision is made up
of fairly scattered neurons dorsomedial to the E
subdivision and is only limited to middle levels of
the nucleus being éeparatel from the B subdivision

by fibres, The nucleus is unpigmented,

The neurons of the nucleus are generally of
the small type, being about 15um in diameter. Some
neurons of up to 25nm in diameter zre also found in

the substantia nigra but they are few,

The nuclems at its rostral end is slosely related
to the subthalemis nusleus dorsally. The subthalamie
nucleus lies dorsomedial to the substantia nigra at

its most c¢audal part. The substantia nigra and the
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subthalamic nuclues cre easily differentisted
becnruse the neurons of the subthalsmic nucleus are
larger (2bout 30um) then those of the substantia
nigra. Mediclly, 2t rostral levels the substantia

nigra is related to the lateral memmillary nucleus,

Nucleus paranigralis (Ventral tegmental nu:leus of

Tsai) (1lete 46)

This nucleus is located medial to the substantia
nigra as a collection of sm2ll neurons between the
substantia nigra and the interpeduncular nucleus,

The neurons are about 10um in diameter, At rostral
levels of the midbrain the nucleus is much larger
and its neurons adjoin those of the substantia nigra

from which it is difficult to separate,

Interpeduncular nucleus (Fig. 15)

It is a large nucleus in the interpeduncular
fossa extending from the rostral edge of the pons
to mid levels of the rostral colliculi, It is made
up of very small neurons (zbout 10um) which stain

poorly, s»and are distributed evenly within the nuclens.



67

Nucleus of Markschewitsch (Fig. 17)

This is a small nucleus oriented dorsoclsterally
elong the perlaqueductal grey. The predominant
neurcns are small, elongated and are about 10am
in diameter., The nucleus is found dorsal to the

oculemotor nucleus at pretectal levels,

Interstitial nucleus of Cajal -

The nucleus is made up of paole staining neurons
scattered among the fibres of the central tegmental
tract lateral to the nucleus of Darkschewitsch and
dorsal to the red nucleus, The neurons are small
to medium in size, The nucleus lacks sharp boundaries,
At rostral levels of the red nucleus some neurons
of the red nucleus are found among those of the
interstitial nucleus of Cejal., The neurcns of the

interstitial nucleus of CaJjal measure between 15=30um,
Laterodorsal nucleus

The nucleus 13 situsted in the periagqueductel
grey medial to the mesencephalic nucleus of the
trigeminal nerve and dorsel to the nucleus locus
coeruleus, It is lateral to the dorsal tegmental

nucleus. The neurons resemble those of the locus
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coeruleus. The nucleus extends beyond the locus
coeruleus rostrally to the level of the accessory
trochlear nucleus, Some medium sized neurons

(30um) are found within the nucleus, The neurons

are elongated, trisngulsar, oval and fusiform,

Dorsal tegmentsl nucleus (Fig. 13)

This nucleus is medial to the laterodorsal
nucleus at isthmus levels, It is composed of very
small neurons (about 10um). The dorsal tegmental
nucleus is replaced rostra2lly by the dorsal nucleus
of the raphe, The nucleus is dorsal to the medial

longitudinal fasiculus,

Ventral tegmental nucleus (Fig. 13)

The neurons of this nucleus are similar to those
of the dorsal tegmental nucleus but the nucleus is
small and indistinct, It is related to the superier
central nuclcus ventrally and the medizl longitudinsl
faseiculus laterally, Both the dorszl and the ventral

tegmental nuclei sre poorly developcd in the camel.

Dorsal nucleus of the raphe (supratrochlear nucleus)
(Figs. 14,15, Plnates 42,44), This nucleus is prominent
and well develeped in the camel, It starts caudal

to the trochlear nucleus and extends to caudal levels
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of the oculomotor nucleus, Caudally, it is related
ventrally to the medial longitudinal fasciculus

and replaces the dorsal tegmental nucleus. The
neurons are found in between the medial longitudinal
fasciculus as well as above the medial longitudinal
fasciculus, At trochlear levels where the nucleus
is best developed it is mede up of a cluster of

well stained neurons dorsal and medial to the
trochlear nucleus, It is made up of small and
medium sized neu.rons, The neurons form a dense

aggregation. They measure about 35um in diameter,

Nucleus sagulum (Figs 14)

It is found at the lateral edze of the rostral
pons and the midbrain. It is distinct and densely
populated and is ventral to the brachium of the
inferior colliculus, The neurons are triangular,
fusiform and oval in shape and stain deeply. They

are small in size (10-15um).

Nuclei parabrachialis medialis and lateralis

The two nuclei are separated from each other
by the rostral cerebellar peduncle at rostral levels
of the pons. The nucleus parabrachialis medialis

is medial to the rostral <erebellar pedmncle or the
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brachium conjunctivum and it is related to the
nucleus locus coeruleus and to the mesencephalic
nucleus of the trigeminal . nerve on its medial
aspect. The nucleus parabrachialis lateralis is
lateral to the rostral cerebellar peduncle and fills
the space between the rostral cerebellar peduncl:z
and the lateral edge of the tegmentum, The neurons
of ®gth the medial and the lateral nuclei are small
(about 10um in diameter), The neurons are roundish,
oval and elongated., They have large nuclei and

small cytoplasm,

Pretectal nuclei

The pretectal area has the following nuclei:
a) The posterior pretectal nucleus, b) Nucleus of
the posterior commissure, e) nucleus of the optic
tract, d) nucleus pretectalis medialis =nd e)
principal nucleus of the pretectal 2rea (nwclems

sublentiformis),

The posterior pretestal nmsleus (Fig, 17)

This nuelens is present thronghomt the preteatal
area, It is the 1l2rgest of the preteetzl nucled,
In its full Size, it is roundish, It is located
lateral to the nuclews of the cawdal.commissure,

al oo Tv- - - »
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dorsomedial to the pulvinar and ventrolsateral to the
rostral colliculus in its caudal parts, Its neurons

are poorly stained and small (15=30um).
Nucleus of the posterior commissure (Fig, 17)

This nucleus surrounds the lateral part of the
caudal commissure, Ventrally, it is related to the
central tegmental tract. This nucleus is prominent
in the camel end is subdivided intc twe parts: a
small-celled dorsal part and a ventrzl part comr i1
containing larger newrons., A few large motortype
neurons are found in this area. The neurons of the
s%ail celled part are abowt 10wm in diamefer and
those of the ¥entral part contain more of the larger
neurons (absut 20um) in diameter among the small

neurons (about 10um),
Nucleus of the optie traet (Fig, 17)
In the caudal preteetal area, this nuclems is

located aorsal to the pulvinar and ventral to the

rostral colliculus, Medially, it is bordered by the

posterior pretectal nuclews, The nucleus is imdistinet

and is made up of scattered small neurcws. Its
neurons are smaller than those of the pulvinar and

the posterior pretectal nucleus,



72

Nucleus pretectalis medislis (Fig. 17)

This nucleus is coextensive with the small
celled nucleus of the posterior commissure, It is
made up of a dense collection of very small neurons
(10um) placed dorsal toc the fibres of the pasterior
commissure, It is placed medial to the principal

nucleus of the pretectal area,

Principal nucleus of the pretectal area/nucleus

sublentiformis

The nucleus is medial to the pulvinar =2nd dorsal
to the posterior pretectal nucleus, It is cdorsolateral
to the nucleus of the czudal commissure, The nucleus
lacks sharp boundaries and is made up of scattered

deeply stained small neurons (10.30um in diameter),

Linear nucleus (Figs, 15,17)

This is a midline nucleus extending from rostral
pons to ¢ .- L levels of the oculomotor nucleus and
it is fairly well developed in the camel, It ic
located in the ventral half of the median raphe
where it borders the interpeduncular nucleus dorsally,
The nucleus is made wp of small 2nd medium sized

neurons and is fairly compact in its ceaudal part.
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Neurons of ebout 20um in dismeter are evenly
distributed in this srea, The nucleus is subdivided
into rostral, middle and caudal parts, The rostral
part has small neurcons at rostrzl midbrrin levels,

The middlc portion is almpstiacellular at the level

of the rostral colliculi., The caudal part l.as tne
largest cellulesr density and is rostrallto the supericr

central nucleus,
Nucleus peripeduncularis

This nwcleus is poorly developed in the camel,
It is represented by a few smz2ll feinily ci-nlincd

neurons at the lateral edge of the cerebral peduncle,
Nucleus cuneiformis and nucleus subcuneiformis (Fig. 14)

These nuclei extend throughout the extent of
the midbrain, Thev are bounded ‘medially by the
preiaqueductal grey; laterally, by the medial
lemniscus and dorsally, by the quadrigeminal bodies
They constitute the Llateral and dorsolsteral mesen-
cephalic tegmentum, Nucleus cuneiformis is more
cellular and is made up of tiny neurons (about 10um)
and glial cells., Nucleus subcuneiformis is less
cellular end contzins smell (10-30um), medium (30-50um)
and some large (50-70uﬁ) reurons widely dispersed

among fibres,
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Nucleus pedunculopontinus

This nucleus is located in the lateral tegmen-
tum of the midbrain ventral ts the nucleus subcunez.
formis., The nucleus is dorsal tec the substantia
nigra, At the level of the red nucleéus the nicieus
becomes ventral and latersl to the red nucleus, At
the level of the red nuclcus the neurons intermix
with those of thc substantia nigra ventrzlly and
also ventromedially with the neurcns of the ventral
tegmental area of Tszi, The¢ neurons of this nucleus
lateral to the red nucleus are more widely dispersed
and contzins more medium sized neurons (30-50um) than
those ventral to the red nucleus, The nucleus
pedunculopontinus is made up of small (15=30um) and
medium sized neurons (30-50um), Caudal to the red
nucleus and medial to the medial lemniscus there is
a collection of medium sized neurons (about 35um in
diameter) within thc nucleus, This is dorsolaterally
located within the nucleus and is known as nuclens

pedunculopontinus subnucleus compactus,
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Part V: The Diencephalon

The diencephalon is subdivided into: the dorsal
thalamus, the metathalamus, the eépithalamus, the

subthalamus and the hypothalamus,

Dorsal thalamus

The dersal thelamus is covered by a leyer of
white matter dorsally and laterally nemely the
stratum zonale and the external medullary lamina
respectively, The thelamus is incompletely ~uhdivided
by a verticnl sheet of white matter into three grey
areas viz, the anterior, the lateral and the ventral
from which five nuclear groups are differentiated
as follows: anterior, medial, lateral, midline and

ventral groups,

The anterior growp of nuclei in the camel as
in other mammals include: a) nmcleus anterior
dorsalis, b) nuclems anterior ventralis snd c)
necleus anterior medialias. They are all found in

the 2nterior twberale of the thalamms.

The nualcus anterior dorsslis (Figs, :0,21) is the
most dorsally plased of the threec nuclei, It is
sreseent shaped forming the dorsomedial relation

of the nuelems anterior wventlralis. It is well
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circumscribed and it is made up of dark: steining
small neurcns of about 15um in diameter, It is
situeted beneath the lateral hslf of the stria

medullares,.

The nucleus anterior ventralis (Tl 20,21) is
the largest of the anterior nuclear group, It
is related to :the nucleus enterior dorsalis dorso-
medially, to the perocentral nucleuws ventrally,.:
to the nucleus mcdizlis dorszslis mediallys and to
the nucleus ventrzlis antericr leterally. It is
macde up of faintly stained neurons of about 15um
in diameter, The nucleus is oval in shape and is
traversed by four bands of longitudinal fibres. The
nucleus is not sharply demarcated from the para-
central nucleus in its rostral part but it is well
demarcated from the nucleus anterior dorsalis
dorsomedially sand nucleus ventralis anterior
ventrolaterally. The neurons are smaller than those
of the paracentral nuclews, The nuclems is related
dorseally to the nuclews laterzlis dorsalis in ita
caudal parts, The nuclcws is ¢ompletely replas.d

caudally by the nucleus lateralis dors=zlis.

Nucleus anterior medislis (Fips. 21,22), This
necleus is fairly well developed in the camel., It
is related to the ventreomedial aspect of the nucleus

anterior ventralis to which it is Jjoined. DPorsomedially,
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it is related to the nucleus parstascnislis and
ventrolaterally to the nucleus ventralis anterior,

It is replaced caudally by thc nucleus paracentrzlis,
It is bounded dorsomedially by the nucleus medialis
dorsalis. The neurons are larger and more deeply
stained than theose of the nucleus anterior ventralis.,
It is cobliquely «longsted and ventromedial to the

nucleus anterinsr ventralis,
Medial group

This group is made up of nuclei situatcd between
the midline nuclei 2nd the internal mecdullary lamina,
In mammals they are made up of the following: nucleus
medialis dorsalis, nucleus paracentralis, nucleus
centralis lateralis, nucleus parafasicularis, nucleus
centrum medicnum, nucleus submedius and the nuclei
habenulopeduncularis lateralis =nd habenulopeduncu-
laris medfinlis, In the camel the nuclei habenulopeduncu-

laris lateralis and medialis are not found,

Nuclews madi=lis dorsalis (Fig. 52)

The largest of the medial group of thalamia
nuelei is the nucleus medialis dorasalis, The nu=leus
is large and prominent, It is bounded by the midline

nuclei medially, nuselems sentrzlis medialis ventrally,
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by thée paracentral nucleus laterally and ventro-
laterally, 2nd by the anterior group of nuclei
dorsally, At caudal levels of the nucleus, it is
bounded by the nucleus ventralis laternalis leterally
end the nucleus lateralis intermedia dorsally., At
such levels the demzrcation of the nucleus is poor,
Followed caudelly, theé nucleus centralis later=alis
forms the dersolsteral boundary and the nucledi
parafascularis and centrum mcdianum form the ventral
boundary, Subdivisions of this nucleus into pars
parvocellularis and pars megnocellularis are not
distinct, The neurons are¢ about 20um in diamcter

and are ovoid in shape,

Nucleus paracentralis (Fig, 20)

The nucleus is composed of deep steining
neurons, It is an nblique¢ly oriented lamina of
grey matter ~nd it is broken up by bundles of
fibres into aggregntes of neurons. It forms the
lateral border of the nucleus medialis dorssalis
and it is bounded ventrally by the nueleus ventralis
anterior with whiah it is continuows, Ventromedially,
it is related to the nuclews submedius, More cawdally
it is related to the mucleus ventralis lateralis
¥entrally and the nucleus lateralis dorsalis dorsally,

The neurons are oriented along the direction of fibres
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of internal medullary lomina, The neurons are small
to medium sized and measure between 20-35um in

diameter. Most of the neurons are sval in shape,

Nucleus parafascicularis (Fig. 19)

The neurons of this nuclcus surrcurt the
habenulopedunculsr trzct, It is composed of deep
staining neurons (20-30um), The nucleus is ventral
to the coudal part of the nucleus medialis dorsalis
from which it is not easily separated, The cellular
density of this nucleus is high. The nucleus is
rel=ated medially to the midiine nuclei and ventrally
to the centromedisn nucleus from which it can be
differentiated because of its bhigher cellular

density.,

Centromedian nucleus (Fig., 1

This nucleus is separated from the surrounding
nuclei by fibres except at its medisl part where its
neurons mix with those of the parafassicular nucleus,
The nwclcws is triazngulsar in shape with its apex
potpting laterally. The nuclews hos a lower cellular
density than those »f the surrounding nuclei, 1t is
relatecd medially to the parafascicular nuclews,

ventrally to the nucleus ventralis posterior and
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and dorsally to the nucleus lateralis posterior,
The neurons are roundish and oval in troansverse

section, They are about 20um in diamcter,

Nucleus centralis medialis (Fig. 20 )

This nucleus is made up of dark.meuréns -
similar to thos¢ »f the »aracentrsl nucleus but it
has a higher cellular density, It is related
Jaterally to the paracentral nucleus with which it
is continuous, Medi=lly, it is related to the
nucleus reuniens; dorsomedially, to the ventral parts
of the nucleus medialis dorsalis and ventrally
to the nucleus ventralis lateralis., The neurons
are more prominent and are more deeply stained than
those of the nucleus medialis dorsalis and the
nucleus ventralis lateralis, They are made up of
small to medium sized neurons messuring between 15

and 35um in diameter,

Nucleus lateralis pers intermedia ]

The nueleus lateralls pars intermedia replaecs
the nuelema lateralis doraalis more candally, This
nusleus is l=arger than the nuclews lateralis pars
dorsalis and it is replased more saudally by the

nucleuc lateralis posterior, The nncleus lateralis
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pars dorsalis is contiguous with the nuclecus
lateralis pars intermedia, The neurnons zre roundish

with large nucleus and are abcut 20um in diameter,

Nucleus lzterslis pars posterior (Figs. 17,18,19; Plate 14)

The nucleus begins 2t rostral c-llicular levels
in the mesencephaiic grey of the rostral midbrain,
AL tres . caudal levels the nucleus eppears to be a
medial projection of the -medial geniculate body
into the mesencephalic grey, In the caudal
diencephalon the nucleus is separated from the
pulvinar by fibres on the dorsolateral aspect,

The nucleus is triangular in shape with the apex
directed dorsally, The nucleus is related ventrally
to the nucleus ventralis posterior. Medially, the
nucleus adjoins the centrum medianum and the
parafascicular nucleus, It is related to the nucleus
medialis dorsalis medially, nucleus ventralis
lateralis and the nucleus.ventr2liis posterior
ventrally and the optic radiation laterally. The
neurons are similar to those of the nucleus
parafascisularis and nucleus medialis dorsalis,

The newrons are about 20mm in dizmeter. They are

roundish 2nd deeply stained,
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The pulvinar (Figs, 17,18; Plate 52)

The pulvinar is found in the caudal diencephalon,
It is 2 triangular strip of grey matter interposed
between the nucleus lateralis posterior and the
lateral geniculate body, At rostrzl levels of the
midbrain the pulvinar is small and extends to the
surface between cthe lateral geniculate body and the
rostral cnlliculi, It increases in size in the
caudal diencephaleon, At rostral levels of the
nucleus the ventral parts are replaced by the optic
radiation fibres and is indistinctly separated from
the nucleus lateralis posterior, The neurons are
ovoid in shape measuring about 15um in diameter,
At caudal levels the pulvinar is subhdivided into
2 nuclei - pulvinar lateralis and medizlis, The

two subdivisinns have similzar neurons.

Ventral group of thalemic nuclei

The nucleus ventralis anterior: This necleus
is ventral to the nucleus paraaecntralis at rosteral
levels of the thalamme, It is bounded medially by
the nuelecus <&ubmedius with which it fuses, More
samdally tihe nueleus inercases in size and besomea
related to the nmeleus anterior wentralis, Caudal

to the paraeentral nucleus, the nueleus ventralis
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medially and the nucleus lateralis intermedia
laterally. The ncurons are small and measure between
15=20um in dismeter. A few neurcns of about 30um

in diameter werelalso found in the nucleus,

Nucleus ventralis lateralis (Fig., 20)

The nucleus is dorsolateral to the nucleus
ventralis anterior at its rostral levels. At
caudal levels, it occputes the dorsolaterzl parts
of the nucleus ventralis snterior, Theé neurons of
both nuclei intermix, The neurons are widely
distributed within the nucleus being broken up by
fibre bundles, The neurons 2re larger than thonse
of the nucleus ventralis anterior., The nucleus
ventralis lateralis replaces the nucleus ventralis
anterior at caudal levels, The neurons measure 20

20=-30um in diameter.

Nucleus ventralis pesterior (Fig, 19)

This prominent nucleus is found in the csaudal
dieneephalr.: nt mammillary levels where it is the
most vent:al of the thalamic nuclei., It starts at
the level of the camdal commissure as a round

collection of neurons., At this level it is medial
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to the medial geniculate body and it is ventral

to the nucleus lateralis posteriori The nucleus
gradually becomes ovzl and then elongated
mediolaterally. It is bordered, ventrally by the
thelamic fasciculus or the Forel's field H,, It

is separated Dy fibres from the dorsally placed
nucleus lateralis pars posterior dorsolsterally
and the centrum medianum dorsomedially. The nucleus
is separated from the third ventricle by the
parafascicular nucleus, Three subdivisions of the
nucleus were distinguished: medizl, middle and
leteral, The medisl and lateral subdivisions are
small, The lateral subdivision is the smallest;
it is ovzl in shape and reticulated, The neurons
of the lateral part are deeply stained similar to
those of *he middle, The lateral subdivision is
well separatcd by fibres, The medial subdivision
is less densely populated than the middle and the
neurons stain less deeply. There is a thin lemina
of sparsely populated grey ventral to the midcdle
part of the nucleus ventralis posterior. The
neurons are deeply stained measuring about 20um

in diameter,

NQolet ievadiialin oot m-
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Nuclcus reticularis thalami (Fig., 19)

This nucleus is found in the camel dorsolateral
to the zona incerta with which it is continuous,
The nucleus is ventromedial to the nucleus geniculate
lateralis ventralis, The neurons are round and oval
in shape oricnted along the fibres of the external
medullary lamina. They are small neurons (15-20um)
with a few medium sized neurons distributed among
the small neurons. The nucleus is fairly distinct

in the camel.

Midline nuslear group -

Nuclewms paraventriaularis (Figs. 20-22)

It is 2 thin lamina of grey matter bordering
the third ventrisle, It is 2 long nmelens, elongated
in a dorsovensral direestion, The neurons are small
(15-30mm) 2nd deeply stained and are variously shaped,
They are triangular, fasiform and ovzl in &hape and
are oriented along the walls of the third wentrisele,
It is relested dorsally to the nasleus parataenealis
and ventrally to the naalcus rhomboidalis, The
nusleus 1s foun® at the rostral levels of the

thalamus,






