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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



31

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



70

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



L2

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
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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
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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.
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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,
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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



anterior is related to the nucleus medialis dorsalis
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



84

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,
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Mucleus reuniens (Figs. 21,21)

It is the rost ventrally placed of the midline
nuclei, It is related -dorsally to the nucleus
centralis medialis and laterally to the nucleus
submedius., It is made up of darkstaining neurons
(15=-30um) similar to those of the nucleus centralis
medialis. The nucleus reuniens is related throughout

its extent to the nucleus submedius laterally.

Nucleus parataenialis (Fig. 21)

This nucleus is small and inconspicuous and
appears in the rostral thalamic region below the
stria medullaris., It is circular in cross sectien
and is related laterally to the nucleus anterior
dorsalis; ventrally to the nucleus medialis dorsalis
and ventromedially to the nucleus paraventricularis,

The neurens (20-30um) are pale staining.

Nucleus rhomboidalis (Figs. 20,21)

It is small and indistinct and appears to be
continmous with the nucleus paraventricularis with
the neurons of which they intermix. It is related
dorsally to the nucleus paraventricularis thromghout

its extent, laterally, it is bounded by the nucleus
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medialis centralis, The neurons are round and
stain fairly deeply. They are small neurons

(about 20um).

Nucleus centralis medialis (Fig., 20)

It is a fairly circumscribed collection of
deep staining nerons dorsal to the nucleus reuniens
and ventral to the nucleus commissuralis interantero-
medialis, It is related laterally first to the
nucleus anteromedialis and later to ihe nucleus
paracentralis. Its neurons (20-30um) are similar
to (but less prominent than) those of the nucleus
paracentralis which adjoins it laterally. It is
related dorsally first to the nucleus rhomhoidalis
then to the nucleus interanteromedialis and more

caudally to the nucleus medialis dorsalis,
Nucleus interanteromedialis
This nucleus is not distinct, but it is

supposed to be dorsal to the nucleus centralis

medialis and ventral to the nucleus rhombnidalis,
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Nucleus submedius (Fig. 21)

The nucleus submedius at rostral levels of
the thalamus is ventral to the-nucleus centralis
medialis and is lateral to the nucleus reuniens,
It is related laterally to the nucleus ventralis
anterier, It is a fairly large nucleus. It has
a higher cellular density than the nucleus
ventralis anterier, It is dorsolateral to the
hypothalamic sulcus and is related dorsally to the
nucleus centralis medialis. The nucleus submedijus
is continuous laterally with the nucleus ventralis
anterior, The nucleus submedius is replaced
caudally by the nucleus ventralis posterior medialis,
The neurons (15-30um) are deeply stained znd are
slightly smaller than those of the nucleus centralis

medialis and those of thes nucleus ventralis anterior,

Subthalamic nucleus (Fig, 19)

The nucleus begins at the lewvel of the tmberal
region of the hypethalamms and extends to the
mammillary region. It i:s, therefore, a small nucleuns
found only in the caudal diencephalon. It is related
corsally and dersolaterally to the zona inserta,
Laterally the neurons are not well scparated from

those of nucleus of the zona incerta, Medially, the
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nucleus is bounded by the mammillary nuclei and
ventrally it is intimately related to the rostral
levels of the substantia nigra. The nucleus is

lens shaped when best developed, The neurons measure

between 15-25um in diameter,

Zena incerta (Figs. 18,19)

This is a weldgeshaped area in the diencephalen
situated between the ventral nuclei of the thalamus
dorsally and the subthalamic nucleus ventrally.
Laterally, this area is thin and is continuvus with
the thalamic reticular nucleus and the ventral
nucleus of the lateral geniculate body, Medially,
the area is bounded by the pesterior hypethalamic
nucleus and the lateral mammillary nuclei. This
area in its caudal part is made up of sparsely
distributed neurons except on its lateral part
where a condensation of neurons found dorsolateral
to the subthalamic nucleus constitutes the nucleus
of the zona incerta, This nucleus is small and its
neurons are oriented along the direction of irternal
capsule fibres and lenticular fasciculas, The
nucleis of the zona incerta is composed of fusiform
neurons measuring 10-30um leng but have a width of
between 10-15um, They have large nwclei and small

cytoplasm,
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The metathalamus

Nucleus geniculatus medialis (Figs 16,17) - At
its caudal part the nucleus is related to the
cerebral peduncle véntrally and the rostral colli-
culi dorsallv, At more rostral levels it is
related dorsally to the lateral geniculate body.

If forms a tibercle between the lateral geniculate
body and the cerebral peduncle. The nucleus is
related dorscmedially to the nucleus lateralis
posterior and is not easily demarcated from the
latte~, The nucleus geniculatus medialis extends
more caudally than the nucleus lateralis posterior,
The rostral third of the nucleus is intimately
related to the caudal part of the nucleus ventralis
posterior, At these levels it becomes oval and
lies lateral te the nucleus ventralis pnsterior
lateralis. The nucleus geniculatus medialis is
well circumscribed, homogenous and is made up of
deeply stained neurons., It is made up of small
neurons about 15um in diameter and have small deeply
stained cytoplasm with small nucleoli. The newrens

are triangular, oval and fwsiferm in shape.
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Nucleus geniculatus lateralis (Figs., 17,18,19; Plates 50-5

This nucleus forms a large tubercle on the
surface of the thalamus; The nucleus is domeshaped
with the convex end of the nucleus directed outwards,
At caudal levels, the lateral geniculate nucleus is
bounded dorsomedially by the rostral colliculi and
ventrally by the medizsl geniculate body. The
medial boundery is formed by a band of neurons
referred to as the pulvinar pars geniculata which
are aggregates iof deeply stained neurons. The
latercl geniculate body is surrounded by a fibrous
coat, The lateral geniculate hody is separated
from the nucleus lateralis posterior of the dorsal
thalamus by the optic radiation, The nucleus is
large and is made up of prominent, darkstaining
neurons which are homogeneously distributed, At
middle levels of the nucleus, a medial and a lateral
part (lamina) of the nucleus were distinquished,
The medial portion is highly cellular containing
small {15-20um) neurons, smaller than those of the
lateral part. The lateral lamina is wmrah bigger
and is made wnp cf bigger homogenously distributed
neurons (15-30um). At .rostral levels, the medial
portion of this nucleus is replaced by a thick
band of fibres of the optic radiaticn. At this
level the lateral part is comma.:shaped,

the dorsal part being much bigger than the wventral part.
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Nucleus geniculatus lateralis pars ventralis

The nucleus is much smaller than the nucleus
geniculatus lateralis pars korsalis. At caudal
levels this nucleus is laterzl to the ventral
extension of the nucleus geniculatus lht=ralis
pars dorsalis. This nucleus is not subdivided.,
The neurons -re similar to those of the nucleus

genivulatus lateralis pars dorsalis,
Hypothalamus

The preoptic area connects the diencephalon
with the telencephalon. The anterior hypothalamic
area passes into the preoptic area without any
demarcation in its rostrcl part., Ventrally, the
area is bounded by the rostral part of the supraoptic
nucleus, laterally, by the nucleus of the diagonal
band of broca and dersally, by the ventral part of
the anterier commissure., This is made up of small

neurons of about 12um in diameter and faintly stained.
Nucleus preopticus medialis (Figs.23,24)
The nmcleus is dorsal to the nusleus preopticus

principalis, It is related laterally to the internal
capsule and medially, it is joined with the same
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nucleus of the opposite side. The nucleus is made
up of small neurons of about 12um in diameter., The
neurons are roundish and oval in shape. They have

a large nucleus and a small cytoplasm.

Nucleus preopticus principalis (Figs. 23,24)

It is ventral to the nucleus preopticus
mewizalis, Laterally, it is related to the diagonal
band of broca and ventrally, to the supraoptie
nucleus and the optic decussation. The neurons are
small about 12um in diameter in transverse section,
It is larger than the nucleus preopticus medialis

and the neurons have large nuclei,
Nucleus preepticus interstitialis

Lateral to the nuesleus preopticus princional®s
and medial to the diagonal band of brosa is an area
made up of sma2ll elengated neurons, The «ellular
population in this 2rea is low and the neurons are
oriented obliquely. This area forms the nucleus

preopticus interstitialis,
Nueleus preeptisus periventricularis

The nucleus is in the periventricular grey in

the prebpti% area made wp of darkstaining smell neurons,



Nucleus supraopticus lateralis (Figs. 21,22; Plate 53)

This is a well develsped nucleus in the camel
It is ia band of darkstaining neurons (10=3Cum)
dorsal to the optic tract., It is found at rostral

levels of the diencephalnn,

Nueleus supr--ptisus medialis (Fig. 20)

The neurons of this nucleus are similar to
those of the nucleus supraepticus laterelis, It
is medial to the optic tract and caudal to the
optic chirsma. It begins a2t caud~l levels of the
nucleus suosraopticus lateralis and it is larger
than the latter. The nucleus is an elongated band
of highly ccncelttrated deeply stained neurons
(10-30um) .

Nucleus paraventricularis (Fig. 21)

It is a verticallv oriented necleus in the
paravantricular area of the reostral hypothalanus,
It is elongated densely populated and is close to
the third ventricle, The neurons stain deeply and
resemble those of the supraeptic nucleus. They vary
in size ranging from about 8um tec 35um in diameter.

Medium sized (30-50um) and large mototype neurens
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(50-60um) are found in the nucleus. (Fig. 19)

Posterior hypothalamic nucleus

This nucleus is found in the posterior
hypothalamus where it is dorsolateral to the
supramammillary nucleus, It is formed as a
condensation of small neurons (10-20um) lateral to
the ventral part of the third ventricle., The
neurons stain deeply. A few medium sized (30-40um)
neurons are interspersed among the small weurens,
This nucleus is bordered laterally by the zona
*ncerta, It is related dorsally to the nucleus
ventralis posterior. Small neurons predominate 1.

in the nucleus,

Medial mammillary nucleus (Fig. 19)

It is a fairly large nucleus in the caudal
hypothalamic area., The neurons of this nucleus are
very small and dustlike in appearance. The nucleus
is single and homogeneoms, The neurons are mostly
oval or romnd in shape (8-15um). The nucleus is
well demarcated by a capsule of fibres from the
surrounding grey. It is bounded laterally by the
lateral mammillary nuclei of both sides and dorsally

by the supramammillary nucleus,



Nucleus mammillary laterszalis

This nucleus surrounds the lateral aspect of
the medial mammillary nucleus, It is smaller than
the latter, It is made up of darkstaining neurons
(15=30um) that are bigger than those of the medial
mammillary nucleus. The nucleus is rela.ed medially
to the medial mammillary nucleus, laterally to the
cerebral peduncle and the subthalamic nucleus,
dorsomedially to the posterier hypothalamic nucleus

and dorsolaterally to the zona incerta,

Nucleus supramsmmillaris

The neurons of this nucleus are continuous
medially with those of the nucleus supramammillaris,
This is a thin nucleus placed dorsal to the nucleus
mammillary medialia and cennects the nuclews mammillary
lateralis of bpoth sides, The neurons are similar te
those of nucleus mammillary lateralis (15-30um) and
are deepstaining, It is related dorsally to the
posterior hypethalamic nucleus, ventrally, to the
medial hypothalamis nucleus and laterally to the

nuclg?s mammillary lateralis,
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Anterior hypothalamic nucleus (Fig., 23)

A condensatinon of small neurons (8um) in the
anterior hypothalamic area is the anterior hypothalamic

nucleus, This nucleus is fairly large in the camel,
Nucleus suprachiasmaticus (Fig., 22)

The nucleus is poorly develeped in the camel,
It is made up of tiny neurons (Bum) appearing dustlike
ventral to the rostral end of the nuclems hypothalamic

paraventricularis at the medial edge of the hypothalamus.
Nucleus hypothalamicus dorsomedialis (Fig., 20)

This nucleus is lJcated dersomedial to the
fornix in the dorsal hypothalamic area. It is not
well separated from the neurons of the dorsal and
lateral hypothalamic areas, It is continuous
ventrally with the nucleus hypoth=zlamicus ventro-
medialis from which it is ezsily separated . The

neurons are verv small (8?15um) and poorly stained,
Nucleus hypothalamicus ventromedialis (Fig, 20)
It is made wp exclusively of tiny neurons

(8um) in the middle hypothalamic area ventral to

the nucleus hypethalamicus dorsomedialis, The neurons
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of this nucleus are much smaller than those of the
nucleus hypothalamucus dorsomedialis, Infact, it

is made up exclusively of glia like cells,

Nucleus tuberalis

This nucleus is located lateral to *he nucleus
hypothalamicus ventromedialis at the ventral edge
of the hypothalamus, It iz roundish and is eomposed
of deeply stained small neurons (fum). The neureons
are similar, to those of the nucleus hypothalamicus

ventromedialis,

Perifornical nucleus

The fornix is surrounded by deepstained neurons
(10-20um) at caudal levels of the middle hypethalamus.

These constitute the perifornical nucleus,

Lateral hypothalamic area (Fig. 20)

This area extends throughout the hvpethalamus,
It is best seen in the middle hypothalamic area,
This area is made up of scattered medium sized

(30-50um) and small (15=-30um) neurons.
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DISCULSION

The diencepahlon is considered in this thesis
as part of the breinstem because it is the rostral
continuation of the medulla oblongata, pons and the
mesencephalon in the midline. It also retains the
tubular structure of the neural tube, Tne
diencephalon has been considered by some suthors as
part of the ctelecephalon because of its close
relationship functionally a&nd developrentally with
the latter, since the diencephalon and the
telencephelon develop from the prosencephalon,
Therefore these authors consider the brainstem to
inciude the medulla oblongata, pons and the midbrain,
However some authors like Jenkins {1972} feel that

the diencepshlon is part eof the brainstem.
The myelencephalan

The corpus trapezoideum forms the most rostral
part of the medulla oblengata as has previously heen
mentioned, The e¢orpus trapezoideum in the camel is
a thin flat band measuring 0.5cm wide. It is so
thin that it is almost insonspicuous but the
pontomedullary junctioa whick fopms the cranial
berder of the corpus trapezoideum is conspicuous.

The eorpus trapezoideum is large relative to the pons
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in lower mammals, In the wallaby the ratio of the
craniocaudal extent of the pons to that of the corpus
trapezoideum is 1:13 in the deer the ratio is 1.5:1,
in the pig, sheep and giraffe the ratio is 2:1, in
the Indian ox and the camel the ratio is 2,5:1
(Marsden and Rowland, 1965). The corpus trapezoideum
progressively decreases in size relative to the pons
in higher primates until in man the corpus
trapezoideum is completely covered by the pons and

is not visible on the ventral surface of the

medulla oblongata (Marsden and Rowland, 1965).

The pyramids develap parallel to the cerebral
hemispheres and the cerebellum, a2nd, therefore,
increase from lewer mammals to man as one ascends
the evolutionary ladder, This increase in size in
primates is related to the increasing precision and
finesse of motor activities in these animals
(Marsden and Rowland, 1965)., In most lower animals
and in the camel, the pyramids are relatively small
compared to the size of the brain., This may be
correlated with the inability of these lower animals
to perform skilled limb movements since precise
motor coordination demands increased control of
individual muscle activity by the aentral nerwvous
system and this is exerted through pyramidal and
extrapyramidal pathways, and through cerebellar

astivity (Marsden and Rewland, 1965),
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The inferior olive was studied in a variety of
mammals by Marsden and Rewland (1965) and was found
to be highly developed in primatesespecially in
man where it abuts from the ventral surface of the
medulla oblonzata lateral to the pyramidsy The
olive doces not show on the camel brain as is the
case with otrer members of the artiodactyla and
this was thovzhtto be related to the poor perfection
of brashiaticn as a mnde of 1lecorotion since the
inferior olive is well develoned in primates where
brachiation as a mode of locomotion is perfected

(Marsden ard Rewland, 1965).
Metencephalon

The pons has been studied in a large number of
mammals by Marsden and Rowland (1965) who found that
the pons Increases progressively in size in
craniasaudal extent and surfasae projection from

lower mammals to higher mammels.

In the spiny antcater, the saudal border of the
pons is straight but the rostral border is indented
laterally by exceptionally large trigeminal nerves
resulting in a tongue of pons projec:ing cranially
between the nerves, In the wallaby, the cranial and
caudal borders of the nons are regularly convex,

The pons is separated from the corpus trapezoideum

7
) L ]
¥/ | .
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by a horizontal groove from which emerges the
trigeminal and facial nerves. In the domestic cat,
the cranial border of the pnns is clearly convex
but the caudal border is slightly convex, The
surface projects ventrally and is divided by a
midline depression on either side of which are
paramedian eleva*ions., A well marked groove
separates the caudal border of the pons from the
trapezoid bocy. The trigeminal nerve and facial
nerve emerge from this grnove, Harper and Maser
(1975) studied the pons in some members of the
artiodactyla (Table 3). The following measurements
of the width of the pons were given:- pig (1.83cm),
domestic sheep (2,64cm), bighorned sheep (2.93%cm),
great horned cattle (4.63cm), European wisent

(4.82cm) and the American plains buffalo (1.37cm).

In the macaque mnnkcy the pons has remarkably
increased in size compared to the other animals
already mentioned. The cranial border is markedly
convex on either side of a deep midline indentation
and the paramedian elevations extend cranially to
cover the crura cerebri, The surface projects
ventrally and laterally. No groove separates the
caudal border of the pons from the cerpus trapezoideum

and less than half of the pons is post trigeminal.
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In man 211 the features of the pons =re
accentuated and so the pons reaches its highest
development. The paramedian elevations are large,
extending cranially to cover the crura cerebri and
caudally to cover the pyramids. The trigeminal
nerve emerges in such a2 way that two-thirds of
the pons is post trigeminel (Mersden and Rowland,
1668)., So in the primates and man where the pons
is thus developed, the postpontine sulcus is
cbliterated and the pons grows to cover the corpus

trapezoideum (Marsden and Rowland, 19265).

In the camel the pons is not well developed.,
The 1.5cm width of the pons in camel compares
favourably with the width of the pons in the zebu
cattle (1.4cm) and in the buffalo (1.4cm). The
pons is smaller in the camel than in the pig, measure
dcmestic sheep, bighorned sheep, where they
1.8cm, 2.6cm and 2.9cm respectively. It i:c very
much smaller than in the greathorned cattle and
the American Wisent where they measure 4.6cm and
4.8cm respectively (Table 3). The pons in the
camel has inconspicuous paramedial elevations.
The whole of pons is pre-trigeminal, All these
characteristics of the pons in the camel show that
the pons is poorly developed in this enimel probably
due to the small size of the corticopontocerebellar

tract which is the major pathway involving the pons,



104

Mesencephalen

As previously mentioned, the rostral colliculi
are in the visual pathway while the caudal colliculi
form part of the auditory pathway. In most mammals,
the caudal colliculi are smaller than the rostral
colliculi; in some, the rostral and caudal colliculi
are about equal in size while in others the caudal
colliculi are bigger (Ariens-Kappers et al. 1960).
The rostral colliculi are r8latively smaller in
mammals than in lower vertebrates because of the
greatly developed thalamic optic centres in mammals
(Ariens-Kappers et al, 1960). Tre rostral colliculi
are much bigger than the caudal colliculi in the
camel (Table 1) as in the horse and ox, but they
are about equal in size in the dog and are smaller
than the caudal solliculi in the pig (Getty, 1975).
In the dog and especially in the pig, the sense »f
hearing is generally known to be acute; this may be
related to the large esaudal colliculi. The
significance of develnpment of the colliculi has
been discussed (vide page 199, 196),

The crura serebri, like the tegmentum dorsal
to it, has increased relatively in mammals and becomes
most dé&biﬁped in higher mammals, They carry the
fibres between the cerebral cortex, the brainstem

and the spinal cord. The extent of the cerebral
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crura varies in different species in proportion to
the develepment of cerebral hemispheres, being most
well devéloped in man (Ariens-Kappers et al., 1960).
The crura cerebri in the camel as in other mammals
is well de¥eloped., Goldin (1931) studied the
cerebral peduncles in ruminants, aats, dogs,
primates and man and showed that in primates and
espécially in man the index eof the proportion of
the width to the length is high, It is less than

1 in the dolichomorphs and is greater than 1 in the
brachymorpas, In lower animals as in the camel, the
index is much less (0.8). Goldin (1931) related
this to the development of the cerebral hemispheres
pointing out that ihere is an increase in width and
a decrease in length with the great development of

theé cerebral hemispheres,

Transverse crural tract, a thin fibre tract,
divides the crural surface into two parts - rostral
and caudal perts, The crural surface is subdivided
longitudinally by furrows., In the ox and the horse
the furrows subdivide the srural surface into three
distinct fibre bundles; in the pig, the crural
surface c¢an be separated into a larger lateral and
a gmall medial portions while in the dog the crural
surface is subdivided by many longitudinal grooves
(Getty, 1975). In the camel the crural surface is
subdivided into lateral and medial portions like in
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the pig but the latersl porticn is smaller than the
medial portion, The significance of these sub-
divisions is not known. The transverse crurzal
tracts are well developed in the canine {(Getty,
1975) but are poorly developed in the camel.

These tracts run from the medizl geniculate body

to the caudal colliculus and may be involved in

the auditory pathway,

The diencephalon

The diencephalon consists of the epithalamus,
the thalamus, the metathalamus, the hypothalamus
and the subthalamus, The epithalamus in turn
consists of the pineal gland, habenulae and the
ceudal commissure, One of the most remarksble
features of the brainstem of the came is the large
pineal gland measuring 6mm longitudinally, 8mm

traversely and 6mm craniocaudally,

The pineal gland of the camel is comparable
to that of man snd the perissodactyla; it is
larger than that of the dog and the pig but
smaller than that of ox (Tilney, 1319). In man,
(Tilney, 1919) the longitudinal diameter of the
pine2l gland as measured by various workers

ranges between 5-12mm, the transverse diameter



107

between 3-8mm and the anteroposterior extent
renges between 2-5mm and the pineal glend weighs
0.22gm.

In the perissodactyla the pineesl gland measures
8mm longitudinally, 6mm transversely and 6mm
rostrocaudally; it weighs 0.44gm (Tilney, 1919).

In the pig, the pineal gland measure 10mm
longitudinally, Smm transversely, 5mm rostracaud - lly
and weighs C.4gm (Tilney, 1919), In the dog it
measures 1mm long (Cetty, 1975) and weighs 0,08gm
(Tilney, 1919). In the ox the pineal gland is very
large, measuring 15mm longitudinally, 7mm transversely
and 7mm rostrocaudally (Tilney, 1919). In mammals
the form of the pineal gland varies considerably
but in most ceses it is coneshaped. (Tilney,

1919). The significance of such a large pineal
gland as seen in the camel and the ox is not known.
This may be related to its functions which are

still controversial., More work is needed to

explain the special gross features (morphological)

of the pineal gland in the camel.

The function of the pineal gland is related
to gonadal function (cf. Crosby et al, 1962),
According to the asuthors pinealectomy stimulates

gonadal hypertrophy, precocius opening of the
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vagina and the lengthering of the estrus, while
pineal extracts cause gonadal atrophy and the
slowing down of vaginal opening. It has been
reported (cf Leeson znd Leeson, 1970) that
melatonin a hormone present in the pineal gland

of mammals caused the shortening of estrus and the
loss of weight of ovaries, Pineal tumors in
children (cf Leeson and Leeson, 1970) were
associated with delayed puberty 2s a result of

increased pineal activity,

The habenula is a small triangular mass
located on the dorsomedial aspect of the thalamus
rostral to the pineal gland, The habenula 1is
poorly developed in the camel. The habenula is
well developed in most primitive animals especislly
those that rely heavily on the sense of smell it
is poorly developed in the animals that have poor
olfactory sense (cf Sarnat and Netskey, 1974),

The habenular is not well developed in camel and
thie may be correlated to the poor development of
the olfactory bulbs in the brain of camel (Ghaji,
1980). Probably the sense of olfaction is poor in

the camel,
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The thalsmus

The thalamus reaches the peak of its develop-
ment in mammals and is progressively befter
developed ip passing from lower to higher mammals
and ultimately in man it is best developed
{cf Ariens-Kappers et al., 1960). The thalamus in
the camel is 1.48cm long (Table 3) compared to a
length of 4em in man (cf Warwick and Williasms, 1973).
The rostral tubercle of the thalamus in the camel
is poorly developed as compared to man. The caudal
end of the thalamus does not extend bheyond the
caudal commissural region while in man the caudal
limit correspounds almost to that of the caudal
colliculus {cf Ariens-Kappers et al,, 1960}, The
greatly enlarged thalamus in mammals especially
in man is an indication of the complexity of

function of this structure in primates and man,

All sensory impulses, except those of olfaction,
terminate in the thalamus from where they are
relayed to specific areas of the cerebral cortex,

In this way the thalamus is the chief integrating
centre for the neuraxis. The thalamus is also

concerned with the maintenence and regulation of
states of conscicusness, alériness, awareness and

motor functions (cf Carpenter, 1972)., The specific
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sensory relay nuclei include: the medial and

lateral geniculate bodies and the ventral posterior
nucleus., The mediel geniculate body receives fibres
from the inferior colliculus and projects fibres

to the transverse temporal gyrus of Heschl via the
geniculotemporal radistion., The loteral geniculate
body raceives fibres through the optic fract and
projects thuese fibres to the cortex surrcunding

the calcarine sulcus through the geniculocalcarine
fibres or the optic radition., The ventral posterior
nucleus progjgect fibres to the post central gyrus

(ef Carpenter, 1972).
The metathalamus

The metathalamus exhibits striking festures.
While the medial geniculate bodies are small, the
lateral geniculate bodlies are very large in
general, The lateral geniculate bhodies form part
of the visual pathway along with the rostral
colliculi both of which are very large in the camel

(Table 2, Plate 3).
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The hypothalamus

The mammillary body varies grossly in
different mammals, In the ruminants, a round
whitish elevation in the rostral parr of the
intercrural fossa characterises the mammillary
body, It is often subdivided into symmetrical
halves which in large ruminants are visible
only through a thin gray surface area (Getty,
1975). In the dog and man the mammillary body
is paired while in the camel as in the pig and
horse (Getty, 1975) it is one solid unpaired
mass, Further work should be undertzken to
know the significance of differences in the

gross features of mammillary body,
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Medulla oblongate and pons

The discussion of the medulla oblongata will
be done in two perts, The cranial nerve nuclei
will be discussed first, followed by the discussion
of the nucleil owner than those of the cranial
nerve nuclei. The nuclei of the trigeminal,
abducens, the facial, vestibulocchlear, glosso-
pharyngeal, ragus, spinal accessory and the hypo-

glossal will be discussed here,

The trigeminal nuclear complex in the camel as
in other mammals is made up sensory and motor
nuclei., The sensory nuclei are: the spinal nucleus,
the principal {main) nucleus and the mesencephalic
nucleus, The spinal nuclews of the trigeminal nerve
Is subdivided inte caudal, middle and rostral parts
in the camel as in other mammals (Jenkins, 1972).
These parts correspond to the subnucleus caudalis,
subrmcleus interpelaris and subnucleus rostralis,
The caudal part of the subnucleus caudalis is not
subdivided in the camel though it is reported to
be subdivided into three parts in primates (Crosby,
1962) namely, the zonal, the gelatinous and the
magnocellular parts. The principal nucleus of tne
trigeminal nerve is continuous with the spinal nucleus
without any sharp demarcation. The neurons just as

in the spinal nucleus of the trigeminal nerve are
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.small. ;The principal (main) and the spinal nucleus
of the trigeminal nerve are similar to those of
otherimammals. The motor nmcleus of the trigeminal
nervé is iarge in the camel and is made up of largh
motor tyﬁe neurons, This nucleus gives out

special *isceral efferent axons which innervate

the muscles of mastication {Jenkins, 1972). The
well develapsd motor nucleus of the trigeminal may
be related to the Rrize of +the muscle of mastication
in the camel. A big animal like the eaamel is likely

to have bigz muscles of mastication.

Thé abducens nneleus is small in the camel,
The nucleus is not subhdivided into n reticul=r and
compact parts as is the case in the cat, dog, rabbit,
goat and in the macaque monkey (Ariens-Kappers 1960).
The compact part in these animals contain large
neurons. The nusleus in the aamel sorresponds to
the reticular part of the nucleus in those animals
mentioned above, The abducens nualeus in the camel
is placed lsteral to the medial longitudinal
fasiculus. In carniveres and phosaena, the abdusens
nusleus hag a more medial position beside the medial
longitudinal fasiaulus (Ariens-Kapper, 1960). The
latercdors=sal position of this nualeus in samel and
in some other animals, accerding to the ahbove

authors, is an indication of the importance of
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connections between this nucleus and the vestibular

nucléi.

The facial nerve nucleus in the camel is fairly
large and is subdivided into medial and lateral
parts, The facial nerve nucleus is not as
differentiated as in the rat in which three to six
aubdivisions of this nucleas have been~reparted
{Martin and Lodge, 1977). In the gorilla, Neback
and Coss {1959) identified five subdivisions ef
this nucleus. According to Courville (19B6) this
nucleus is subdivided in all the animals studied
so far but there are disagreements on the number of
the subdivisions in the nucleus even in the same
species of animals, Thus the facial nerve nucleus

of the camel resembies that of other mammals,

The rvestibulocoshlear nerve is made up of two.
functionally different nerveSythe vestibular and
the coehlear nerves, Cerrespondingly there are the
vestibular and soshlear nuslei., The veatibular
nuclear complex of the aamel is made ®wp of the rostral
vegtibular nucleus, the lateral vestibular nuclens,
the medial vestibular nucleus and the caudal westibular
nucleus as in other mammals (Brodal and Pompeiano,

1957, Noback and Goss, 1959). However, the small to
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medium sized neurons at the lateral border of the
lateral vestibular nucleus referred to as group 'L!
in the cat wes not found in the camel:s Also the
collection of fairly large neurons in the ventro-
lateral part of the caudal vestibular nucleus
referred to as group 'F' in the cat (Brodal and
Pompeino, 1957) was not found in the camel., The
rostral vestibuler nucleus and the caudal vestibuler
nucleus are not subdivided in the present study in
contrast to the report of Jastrzebski et al (1981)
according to whom the rostral vestibular nucleus
in the camel is subdivided into dorsal and ventral
perts, =znd the caudal vestibular nucleus into two
or three parts. The significance of these

subdivisions is not known,

The cochlear nnclel are distinguished into
dorsal and ventral parts in the camel as is the
case in other mammals. The ventral cochlear
nucleus is the larger of the two in the camel, It
is undifferentiated into anterior ond posterior
parts as in the cat (Rose, 1960), The ventral
nuclel of the rat is well developed, they are
subdivided into four groups. The ventral cochlear
nucleus is well developed in the chiroptera, rodents,
and the carnivores (Ariens-Kappers et al, 1960).

The dorsal cochlear nucleus is not well

e T r e TH R T g
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develeped in man as in some lower mammals, such as
the guineapig, cat and the rabbit (Ariens-Kappers
et al, 1960), The dorsal and ventral cochlear
nuclei are not big in the camel as in the rodents,
carnivores and the chiroptera, The poor development
of the cochlear nuclei, the small size of the
caudal colliculi and medial geniculate bodies,

as well as the poorly develeped nucleus of the

the trapezoid body may indicate that the sense of
hearing in the camel may be poor because all the
nuclei mentioned above form parts of the auditory

pathway,

Vagal nucleus

The motor nucleus of the vagus nerve is fairly
large in the camel and is subdivided into a small
celled region caudally and a rostral portior made
up of an admixture of small, medium and large
neurons, Strzalka and Flieger (1981) reperted that
the vagal nucleus of camel was subdivided into
medial, median and lateral secondary groups. The
same authorsg reported the length of this nuclems te
be 126mm long in the samel as eppesed to 33mm of the
present study. The vagal nueleus appears to be
subdivided in a rostroeaudal erder in the rabbit

(Getz and Sirnes, 1949) and in the monkey (Malene, 1913),
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This nucleus is not subdivided in the reat

(Contreras et al, 1980),

Nucleus solitarius

The %ﬁﬁiﬁus solitarius in the camel is
divisible/commissural, medial and lateral parts,
These subdivisions agree with those of Carpenter
(1972) but differs from the subdivisions reported
for the gorilla by Noback and Gess (1959), according
to whom there are four subdivions of this nucleus:
dorsal sensory nucleus, ventral sensory nucleus,
subnucleus gelatinosa and the commissural nucleus,

The nucleus solitarius appezrs to be better developed

in the gorilla than in the camel,

Nucleus ambiguus

The nucleus ambignus is small in the camel,
The nucleus is shorter in the camel (4,3mm) than in
the gorilla (11mm) and in man 16mm (Noback and
Goss, 1959). The significance of this variation in
the nuclei of the vagus nerve needs to be studied

mere elaborately LUy physiological means,
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The hypoglossal nucleus

The hypoglossal nucleus in the camel is
subdivided into ventromedial, ventrolateral and
dorsolateral parts as in the carnivore, Myrmeco.
phaga jubata =2rd Tamandua tetradactyla, primates
and man. In these species of animals they are
fairly well developed but in the ant-eater the
nucleus is v2ry large and well differentiated,
This is esorrelated with the great length of the
tongue in this species (cf Ariens-Keppers et al,
1960). The laak of sharp demarcation between the
various subdivisions of this nusleus in the camel
and the size of the nucleus in the camel could be
attributed to the fact that the tongue in this

animal is not very long.

The perihypoglossel nuclei

The perihypeglossal nu¢lei in the scmel are
poorly develnped. The nucleus of Roller is poorly
represented by only a few neurons; the nucleus
prepositus is made mp exslusively of small neurons,
The onlv nucleus that is fairly well develsped is
the nucleus intercalatus. The nucleus of Roller
in the camel is similar to that in the mouse, rat
and shrew by not being :.. distinat in these animals

(Barnard, 194C). The nucleus of Roller appears to
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be better developed in primates than in the sub-.
primates; it is well developed in monkey (Barsasrd,
1940) and it is better developed in the chimpanzee
{Brodal, 1983). The nucleus intercalatus, on the
other hand, is poorly developed in the monkey and
the chimpanzre (Frodal, 1983) but it is well
developed ir the cat in which animal it fuses
rostrally wi -h the nucleus prepositus and ventrally
withlthe nucleus of Roller at its rostral part
(Brodal, 1952), The nucleus intercalatus is
scarcely developed in the »possum (PFrodal, 1952),
The function of these perihyvpoglossal nuclei is
still poorly understood and so it is difficult to
relate the poor development of these nuclei in

camel to any features in this animal,
The inferior clivary somplex

The inferior olivary complex of the camel is
made up of a principal inferior olivary nucleus,
a medial accessory olivary nucleus and a dorsal
accessory olivary nucleus as in man (Crosby et al,
1962) and other mammals (Bowman and Sladek, 1973;
l Martin et al. 1975). The inferior olive in the
camel is not large enocugh to produce any prominence
on the brainstem grassly, unlike in primates and

man discussed earlier (vide apnte page 40), The infierior
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olivary complex is, therefore, not as large as
those of primates and man. The lack of olivary
prominénce on the brainstem of the camel may be due
to the fact that the principal inferior olivary
nucleus is not hig, According to Crosby et al
(1962) the csudoventrolateral portion of the
principal in_erior olivary nueoleus is ontogenetically
and phylogen~tically the newest part of the nucleus
and lack »f ~he usual rlivary eminence on the
brainstem is due to the pesor develapment of the
caudoventrolateral portion, According to
Ariens-Kappers et al, 1960, the progressive
developme1t of the ventrolateral or main inferior
olivary rnass in mammals is accampanied by the
developm :nt of the hemispheres of the cerebellum,
Its increase in size according to the above author
corresponds with an increase in connections with
the cerehellum, It is concerned with carrying
proprin~ceptive impulses from at least the upper
regions of the body by way of the spino olivary
and olivocerebellar paths (Ariens-Kappers et al,

1960).

According to Jenkins (1972), the majority of
efferent fibres of the cerebellum are the olivo=-
cerebellar fibres, The cerebellnm discharges to the

motor centers of the spinal cord through the
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cerebello-olivary and olivo=-spinal fibres
(Ariens-Kappers et al., 196C). The poor develop-
ment of the principal (main) inferior olivary
complex may be related to its poor connections with
the cerebellum, According to Ariense.Kappers et al,
(1960) the greater development of the principal
inferior olivary nucleus 1in primates is a
consequence of the finer regulation of the various
movements of the extremities. The principal inferior
olivary nucleus may be a relay centre for impulses
essential to the complex muscular coordinations from
the spinal cord and the brainstem to the

neocerebellum (Ariens-Kappers et al, 1960),

The medial accessory inferior oclivary nucleus
is better develoned than the principal inferior
olivary nucleus in the camel, The medial accessory
olivary nucleus is the largest of the three sub-
divisions in the rat (Goffinet, 1983), It is alsoc
reported to be well developed in mice (Goffinet, 1983},
The medial accessory olivary nucleus is well
developed in lower animals that are good swimmers
due to the very great development of the trunk which ié

much larger than the hindquarters, This may account
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for the well develbped'medial accessory inferior
olivary nucleus, However, the dorsal accessory
olivary nucleus is much better developed in the
rat and the guinea pig than it is in the camel
(vide ante pege 3.}, In this regard it is simple
to those of the opposum (Martin et al. 197%5), cat
(Walberg, 1956), monkey (Bowman and Sladek, 1973)
and man (0ls:ewski and Baxter, 1954), The dorsal
accessory in arior olivary nucleus does not fuse
with the dorsal lamella of theﬂnriﬁcipal inferior
olivary nucleus in the camel as in the rat (Gwyn
et al. 1977) neither dces it fuse with the ventral
lamella as in the cat {(Walberg, 1956) or with both
the ventril and the dorsal lamellae as in the pig
(Breazile, 1967). The significance of these
variations are to be investigated physioclogically.
o

Nucleus gracilis '

This is ve?y small and inoonspiéuous in the
camel. This nucleus is much smaller than nucleus
cuneatus., The nucleus graciligs is composed ¢f second
order neurcn of ascending axons from the dorsal root
ganglia of spinal nerves of the same side (Jenkins,
1972)., The nucleus is the terminal station of axons
of the ipsilateral hindlimb and caudal body regions

while the nucleus cuneatus is the termination of the
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axons of the forelimb and upper body regions
(Jenkins, 1972). In the gorilla (Noback, 1959a)

the nucleus gracilis is large. The poorly déveloped
nucleus gracilis in the camel may be related to the
reduction of the number of afferent fibres from the
hindlimbs and caudal body regions. There are
probably more afferent fibres from the caudal

body regions and the hindlimbs in the gorilla than

in the camel.

Nucleus cuneatus

The nucleus cuneatus in the camel is much
better developed than the nucleus gracilis, The
nucleus is subdivided into three parts in the camel.
In mammals, the nucleus cuneatus is subdivided into
medial and lateral nuclei (Ariens-Kappers, 1960;
Jenkins, 1972), The afferent fibres from the
forelimbs and upper body regions terminate in the
nucleus cuneatus, These afferent terminations from
the wmpper body regions and the forelimbs may be
more in the camel than afferents from hindlimbs and
eaudal body regions., The lateral ¢uneate nue¢leus
is fairly well developed, The lateral suneate
nucleus gives rise to the dorsal external arcuate
fibres to the cerebellum (Jenkins, 1972), The

external arcemate fibres convey preprioceptive
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impulses from cervical spinal nerves to the

cerebellum,

The nuclei gracilis and cuneatus are well
developed in carnivores, edentates and primates
(Ariens-Kapper et al, 1960), In the Atelidae and
the Cebidae they are so well developed that they
cannot be easily separated from each other because
they have grown into each other (Ariens-Kapper et al,
1960)., The nuclei gracilis and cuneatus give rise
to the internal arcuate fibres that cross to become
the medial lemniscus which project to the ventral
posterolateral nucleus of the thalamus. The ventral
posterwlateral nucleus of the thalamus in the camel
is small, smaller than the ventral posteromedial
nucleus which is the relay nucleus for afferent
fibres from the head region., The ventral postero-
lateral nucleus is a relay centre for general
somatic afferent exteroceptive and propricceptive
impulses from the body region (Jenkins, 1972).

The large ventral posteromedial nucleus and the
large trigeminal nerve of the camel compared with
the small posterolateral nueleus of the thalamns
and the small nucleus gracilis in this animal may
show that the afferent fibres from the head regien
are more than those from the entire body region,

Afferents from the léng neck and the head region are
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likely to be well develaped in this animal
because In the desert where the camel browses on
trees and shrubs the head and the neck are most
useful for this exercise and when the camel is
resting the head and neck are usually held up in
the air while the rest of the body_ligs on the

ground,

Lateral reticular nucleus
Thisﬂﬁﬁcleus is 1érge in thé camel and contains
large neurons, It is well circumscribed and contains
a fairly compact collection of neurons. Also the
nucleus is subdivided into three parts; dorsal,
ventral and ventrolateral., The ventrolateral part
is the largest and contains large neurons while the
dorsal and ventral groups contain smaller neurons
than those of the wventrelateral group. In the cat
the lateral reticular nucleus i1s subdivided into a
large-celled part and a small-celled part (Crosby
et al. 1962). In the gorilla, according to Noback
(1859b), the nucleus retieulsriz lateralis is
subdivided by Olszewski and Baxter (1954) into
subnucleus ventralis and subnucleus dorsalis,
Berman {1968) subdivided the nucleus in the cat into

internal, external and infratrigeminal parts, In
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the rabbit and kitten Brodal (1948) subdivided

the nucleus into magnocellular, parvocellular and
subtrigeminal parts, In the gpos:sum three
subdivisions were also described: external, internal
and trigeminal parts. (Andrezit et al., 1977).
Species differences were associated with the
relationship of this nucleus with the spinal tract
of the trigerinal nerve (vide ante page 47), and soc the
subdivisions of this nucleus have been named taking
into account this relationship. However, in the
camel as in many animals (Taber, 19651; Petrovicky,
1966) the nucleus lies beneath the descending tract
of the trigeminal, The subdivisions of this nucleus
are therefore differently named from those of the

cat and the opossum above,

The lateral reticular nucleus receives
spinoreticular fibres whicﬂ originate as far caudal
as lumbosacral levels (cf Jenkins, 1972) which carry
impulses of proprioceptive and t2¢etiPe stimuli that
are projected to the cerebellum (cf Crosby et al. 1962).
The well developed lateral reticular nucleus in the
camel may be as a result of a well developed
spinoreticular pathway which may augment the poorly
developed dorsal column sensory system in the

camel especially the fasciculus and nucleus gracilis,
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Pontine grey

The pontine grey of the camel is similar to
that of the cat and rabbit (Brodal and Jansen, 1940);
macaque menkey (Sunderland, 1940), and the human
(O1szewski and Baxter, 1954), In these animals as
in the camel the péntine grey is subdivided into
medial, lateral, ventral and dorsal parts. The
supralemniscal portion of the pontine grey in some
animals (Miehailoff and King, 1975) and man
(Olszewski and Baxter, 1954) was also distinguished

in the camel,

The relay nuclei of the auditory system are
poorly developed in the camel. These are the
trapezoid nucleus; nucleus of the superior olive and
the nucleus of the lateral lemniscus. The poorly
developed relay nuclei and the small size of the
caudal colliculi and the medial geniculate body may
suggest that the auditory system of the camel is
poorly developed. Accerding to Ghaji (1983) there
is no clearly defined first and second acoustic
aress (AI and A;.) in the camel cerebral hemisphere
as described in the cats and monkeys ncr is the area

clearly defined as in some lower primates,

")
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The degree of development of the nucleus
subventricularis, nucleus paramedianus dorsalis,
nucleus arcuatus and nucleus pararaphales is said
to parallel the development of the stria medullaris
in animals (Olszewski and Baxter, 1954), The
brain of the camel like those of man and the
gorilla (Noback, 1959b) has peerly developed
nucleus arcuatus, nucleus paramedianus dorsalias
and nucleus pararaphles and lacks stria medullares,
This phylogenic trend of poor development in the

camel needs further investigation,

Raphae nuclei

The medullary raphe nuclei include the
nucleus raphae obscurus, nucleus raphae pallidus,
nucleus raphae pontis, nucleus raphae medulla
oblongata. These nuelei are similar in the camel

to those of the gorilla deseribed by Nobaek (1959b).
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THE MIDBRAIN

The midbrain is made up of the tectum, the
tegmentum, the substantia nigra and the cerebral
crura, The tectum is made up of the quadrigeminal
bodies (the paired rostral and camdal colliculi),
The tegmentum is made up cranial nerve nuclei
(trochlear and oculomotor nuclei) and the tegmental
nuclei of which the red nucleus is most prominent,
The rostral colliculi, the red nucleus, the
trochlear and the oculomotor nuclear complex,
substantia nigra and the pretectum show characteristic
features in the camel and so these nuclei will be

discussed in detail.

The tectum

The remarkable size of the rostral colliculi
in the camel is the striking feature of the tectum
in this animal. Histologically, the rostral colliculi
in the camel is laminated as in other mammalian forms,
According to Kanaseki and Sprague (1974) the
lamination of the superior eellisulus appears to be
similar in all mammalian forms. In the eamel four
layers were identified in the rostral ®olliculus:
layers I, II, III and IV, Layers I and II eorrespond

to the stratum zonale and stratum griseum suferficiale
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(Stratum cinereum) of most authors (Crosby, 1962;

Getty, 1975).

These two layers appear to be less contro-
versial than the remaining layers, Of the remaining
layers Getty (1975) distingquished three layers, a
superficial, middle and deep layers which is
composed of fibres principally with some scattered
neurons, The superficial and middle layers
correspond to layer III in this work while the
deep layer correspond to layer IV in this study.

In the cat Kanaseki and Sprague (1974) differentiated
seven layers (I = VII), Their laminae I and II
correspond to laminae I and II in this work.

Their lamina IIT and IV correspond to lamina III

in this work and their lamina V, VI and VII
correspond to lamina IV in this study. According

to Crosby et al (1962) the stratum griseum super-
ficiale is found only in mammals. In the eamel this
stratum is fairly well developed, In this study it
appears that the stratum eptieum and the stratum
lemnissi of some authors are growped together ints
lamina III although the stratum opticum eould fairly
be well differentiated since its fibres appear to

be thieker than those of the underlying stratum
lemnisci, The stratum eptieum, aécording to Crosby
et al (1962) receives fibres from the optie tract
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while the stratum lemnisci receives its fibres

mainly from the cortex,

The stratum opticum is reported to be notabl?u
redused in primates and well developed in lower
animéls (Crosby et al. 1962). In the eamel this
layer is fairly distinct, The stratum lemnisci
is the largest afferent system t: the romtrsl
collie¢ulus in primates and man and it is concerned
with the regulation of certain eye movements;

Layer IV in this work appears to correspond to the
deep grey and white layers of Crogby (19%2). This
layer eould not be subdivided in the camel besause
it could not be easily differentiated into grey and
white layers, This layer consists of the efferent
fibres from the'rﬁst?al collisulus (Croshy, 1962).
The mestrel <¢oclliculus is parély a visual reflex
centt™® but it is largely a part of the pathway for
indirect ¥visual responses that are mediated through
the cortex (Crosby et al 1962). Casagrande et al
(1972) reported that the well developed rostrel
colliculus of the tree shrew plays an important part
in pattern vision. Acecording to the authors tree
shrews discriminated bétween an inverted and an
upright triangle even after total removal of area 17
(striate cortex). They alsc reported that shallow
lesions of the rostral collicmlus in the tree

shrews resulted in normal cage behaviour in this
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animals while deep lesions of the rostral colliculus
caused more profound reactions; the animals sat
motionless and appeared to be blind, The large
rostral colliculi of the camel may aid in visual
functions other than just visual reflexes, Since
according to Slatter (1981) the visual cortex is

not the sole area for interpretation of visual
stimuli in domestic animals, According to the

above author, in some animals (dog, cat) the

rostral colliculus is believed to be an integrative
centre for the more fundamental aspects of vision
beceuse when the visual cortex is remaved from the
dog light perception and discrimination of differences
in intensity of light are retained unaltered, but
familiarity of surroundings is lost and the animal

moves cautionsly as if blind.

The function of the rostrasl colliculus is yet
to be fully understoed, Since the lateral geniculate
bodies in the camel are poorly laminated (vide post page
215) it is likely that some of its functions (as
those in primates and man) may be carried out by

the well developed rostral colliculi,.



133

Red nucleus

The red nucleus has been studied by numerous
workers in varicus animals (Massion, 1967). The
nucleus has been sharply defined by its central
position in the mesencephalic tegmentum, its
colour and its capsule which is formed by fibres of
the brachium conjuntivum which surround and
traverse it (Hinman and Carpenter, 1959). According
to Hough and Wolff (1939) the peculiar colour of
the red nucleus is due to its vascularity. This
nucleus is the most striking feature of the midbrain
of the camel, It is well circumscribed caudally but
it is less so at its rostral end in the camel. One
of the most conspicuous features of this nucleus
is its large size. When fully formed it occupies
most of the mesencephalon, Its size in the camel
is 8.35mm long, 5.00mm wide and 3.7mm high (Table 4),
when compared te the sizes of the red nucleus
reported in literature (Table 4) it is found to be
the largest ever reported among the artiodactyla,

It is much Dbigger than that of the buffalo

(Paily, 1975) and the pig (Otabe and Horowitz, 1970)
which were reported as 5.88mm long, 2.85mm wide and
2.99mm high, and 6.,09mm long, 3.56mm wide and 2,37mm
high respectively, It is alsc much bigger than these
of the primates.and the eat (Table &),
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Tﬁé nuéleus is portibﬁed info a magriocellular
and parvacellular parts in the camel; the magno-
cellular part is made up essentially of large motor
type neurocons while the parvocellular part is made
up predeominantly of small neurﬁns. This separatien
of the red nucleus into a caudal magnocellular and
a rostral parvocellular part was also reported in
the pig by Ofabe and Horowitz (1570)., According to
the above aucthors the pars parvocellularis of the
} fed hucleus occupied the rostral three-fifths of
the red nucleus in the pig while the pars magno-
cellularis occupled the remaining two=-fifths, The
magnocelular part of the nucleus in this animal
was reported to be composed of large, medium and
small neurons (65% large, 28% medium and 7% small)
accerding to Otabe and Horowitz (1970). The
observations in the cemel {Adogwe and
Lakshminarasimhan (1982) zand present study} and in
the pig (Otabe and Hovreowitz, 1970) seem to contradict
the view held in the review of the mammalian red
nucleus by Massion (1967) that in wngulates the
separation of the red nucleus into the parvocellular
and magnocellular parts was net well defined., In
most mammals, according to Massion (1967) the
parvocellular part is well separated from the
magnocellular part. However, in the cat Grofova

and Marsala (1961) did not differentiste a
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magnocellular portion from the parvocellular

portion bhecause all the four kinds of cellular types
were represented in al{ parts of the nucleus,
Nevertheless, the workers cobserved that 40% of the
large neurons were confined to the caudal one-fourth
of the nucleus, While the parvocellular part of

the red nucleus is small in marsupials but has
developed considerably in monkeys, apes and man

the magnocellular part is poorly developed in
anthropoids and especially in man, but is well
developed from the marsupials to the monkeys in the
evolutionary scale (Massion, 1967). Phylagenetically,
the red nucleus in birds and reptiles is homogeneous
and contains large cells only while in man the red
nucleus is composed essentially of the parvocellular
part. The evolutionary trend is, therefore, towards
magnocellular regression and parvocellular prominense

as is evideneed by the primate and human brains,

Swbdivisions of the various parts of the nusleus
in mammals have been reperted although Grofova and
Marsala (1961) were unable to subdivide the partr
of the nueleus in the eat, In the rat (Reid et al
1975) distinguished a ventrolateral subgroup and a
dorsomedial subgroup. In the pig (Otabe and
Horowitz, 1970) delimited nucleus dorsolateralis and

nucleus ventromedialis in the parvocellular part,
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He also distinguished nucleus ventromedialis
magnocellularis and nucleus dorsomedialis magno-
cellularis in addition to the nucleus cornualis.

In the camel, in addition to a ventral subdivision
(pars ventralis), a dorsomedial subdivision was also
delimited in :the magnocellular part,.aparti:from

the cornu laterzlis, The nucleus ventralis in the
camel may be synonymous with the nucleus ventro-

lateralis in the rat and the pig discussed above.

It was presumed that there were two major
efferents from the red nucleus: rubrospinal and
rubrothalemic. The rubrospinal fibres were presummed
to originate from the magnocellular part of the
nucleus while the rubrothalamic fibres originated
from the parvocellular part of the nucleus (Massien,
1967). This subdivision was questioned earlier to
Massion (°967) first by Preisig (1904), then by
Brodal and Gogstad (1954) and by Pempeino and Brodal
(1957), who demonstrated that cellular sizes and
efferents were not linked and that there were
rubrospinal neurons even in the parvocellular part
of the nucleus, Conde and Conde (1980) have related
the structure and size of the neurons in the red
nucleus of the cat to their efferents. According
to the authors the rubrospinal neurons which were

star shaped were 36+14um in diameter and had namerows
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dendrites., 85% of these neurons were found in

the caudal two-thirds of the red nucleus, The
rubrothalamic and rubroolivary neurons were 27+9um

in diameter and 80% of these neurons were located

in the rostral third of the nucleus. The rubrospinal
fibres do not originate exclusively from the

magnocellular portion of the nucleus,

The neurons of the red nucleus are very large
in the camel, Most of them even the small ones,
are larger than those of the surrounding nuclei,
The neurons are larger than those of other animals
(Table 4). Such larger neurons were reported by
Macchi (1951) in the horse, The giant cells seen
in the camel ($1-100um) have not been repdbrted in
any other animal. Grofova and Marsala (1961)
reported extraordinary large elements in the caudal
pole of the nucleus in cat but they were 80 to

Q0um in diameter,

In the camel five cell types were found: giant,
large, medium, small anu very small, In the pig,
Otabe and Horowitz (1970) distinguished four types
of neurons: the large, medium, small and the
minimus., In the rat, Reid et al (1975) identified
giant, large, medium and small neurons and in the
cat, Conde (1980) usirnt Gelgi-eax technique
differentiated four typ®ts ef neurons in the red
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nucleus of the cat: types A, B, C, and D.

From the size and the large type of neurons
in the red nucleus of the camel the nucleus could
be said to be very greatly developed in this animal,
The significance of the giant cells in camel is not
known since no physiclogical studies have been
made so far. They resemble the ventral horn motor
neurons of the spinal cord and it is possible that
they have rich and extensive syneptic connections
similar to the spinal mofor neurcons, It is
believed that, "The size ef the neuron cell body
generally reflects the amount of cytoplasm being
supported in the cell processes" (Copenhaver et al
1971). Thus, according to the above authors the
largest neuronal cell bodies are those with the
longest and thickest axons. Moreover the connec-
tion of these neurons to the purkinje cells and the
great size of the cerkbellum among the artiodactyla
may account for the great muscular coerdination
and control exercised by the cerebelluwm and
extrapyramidal tracts through the greatly develeped
rubrospinal tract since the environment in which
the camel walks is the desert er semi-desert area
and the camel has to traverse large tracts of sandy

soil, [ n such &n
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The large red nucleus of the camel with its well
developed magnocellular portion is likely to
produce a well develeoped rubrespinal tract which
is expected in an animal as large as the camel
with long limbs,., While the coricospinal tract is
most concerned with voluntary, discrete and skilled
movements in primates and man, the rubrospinal
tract performs this function in other animals
(Carpenter, 1972). In evolutionary terms the red
nucleus in the camel with its well developed
magnocellular portion differs significantly from
those of higher primates and conforms teo those of
lower mammals that depend on the rubrospinal tract

for muscle tone and coordination,

Even though the red nucleus has been studied
in various sanimals the model of this nucleus as
produwced in this work has not been done for any animal
(Plate 34). (Adogwa and Lakskminarasimhan, 1982),
The model shows the features of the nucleus slearly,
The nucleus is oval in shape with a broader rostral
end and a caudal rounded and more pointed end. The
lateral horn or cornu lateralis is prominently seen

in the model ( Plate 34),
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Oculomotor and trochlear nuclei:

These are the only cranial nerve nuclei in the

midbrain,

The oculomotor nuclear complex is similar to
that of other mammals and has prominent lateral
columns (made up of large motor type neurons),
Edinger-Westphal nucleus and the caudal central
nucleus., In the camel as in most mammals (Clark,
1926), the large celled element is divisible into
the dorsal, medial, ventral and lateral parts even

though, the demarcations are not sharp.

The caudal central nucleus of the camel
differe from that described for man and the menkey
(Ariens-Kappers, 1936 and Warwick, 1953%), gorilla
(Noback and Goss, 1959) in being poorly developed.
It 2lso lacks the central prolongation of its
rostral pole - the central nucleus which extends
dorsally between the two columns of the Edinger-
Westphal nucleus in man, The neurons of the
caudal central nucleus are small and resemble those
of the Edinger-Westphal nucleus. The significance
of this poor development in relation to function

needs to be investigated,



141

The visceral nuclei of pfimétes are very well
developed consisting of two distinct nuclear groups
that merge rostrally (Carpenter, 1978), According to
Carpenter (1978), the Edinger-Westphal nucleus consists
of two slender columns of small cells dorsal to the
rostral three-fifths of the lateral columns, and
the cells of the anterior median nucleus lie in the
median raphe between the two lateral nuclei, The
visceral nuclei in the camel are less well developed
than those of primates. 1In the camel, the Edinger-
Westphal nucleus is not separated from the anterior
median nucleus, There is no part of the Edinger-
Westphal nucleus in the camel that corresponds to
the two slender columng dorsal to the rostrsl
three-fifths of the lateral columns in primates,

The significance of the poor development in the

camel needs to be investigated physioleogically.

The oculomotor is made up of somatic and visceral
portions i,e, the lateral somstic cell columns

and the EBdinger-Westphal nucleus, The somatic

portion innervates the extrinsic eye muscles while

the Edinger-Weshphal nucleus gives rise to preganglionic
parasympathetic fibres that project to the ciliary
ganglion,

The trochlear nucleus of the camel, like that
of most mammals is a compact collection of neurcns
similar to those of the lateral columns of the
oculomotor nucleus., Trerostral pole of the
trochlear nucleus is well separated from the caudal
end of the oculomotor nucleus, This arrangement
is different in some primates (Crosby, 1962;
Warwick, 1973) where the trochlear nucleus forms
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a caudal appendage of the oculomotor nucleus from
which it is difficult to separate. As reported_

for man (Crosby, 1962) and the marmoset (Reis and
Machado, 1981) an accessory trochlear nucleus was
found in the cemel. The separation or otherwise

of the trochlear nucleus from the oculomotor nucleus
has an evolutionary importance. In lower mammals
(Ariens-Kappers, 1960) and in the human embryo a
considerable distance exists as in the camel between
the trochlear and the oculomotor nuclei. But in
later stages of human development there is a
tendency for the two nuclei to be joined together,
The significance of this phylogenic trend is not

clear and so needs further investigation.

The substantia nigra

As in other mammals this nucleus is subdivided
into pars compacta, pars reticulata and pars
lateralis, The pars lateralis is the smallest part
of this nucleus in the camel as in man (Olszewski
and Baxter, 1954) and the cat (Hanaway et al 1970).
The pars lateralis is known to be the oldest part
of the nuclems in lower animals and is the only
part of the nucleus represented in submammalian
forms (Crosby, 1962). The pars lateralis is reported

to be poorly represented in mammals and least
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developed in men 1o wheom 1t e in significant (Warwick
and Williams, 1973)., Its poor develepment in the

camel is, therefore, expected. -

The paré'édmpaété and the pars reticulata form
the major portions of this nucleus in the camel as
in other mammals. The pars reticulats is very small
while the pars tompacta is extensive in the camel
being clearly subdivided intocg; P and Y subdivisions
as in man (Crosby, 1972). The substantia nigra in
the camel is similar to those of the gorilla and
man (Neback, 1959w) in 1ts general arrangement but
may be different from those of the gorilla and man
in the extensive development of its x subdivision
of the pars compacta, According to Carpenter (1572)
the substantia nigra is part of the extrapyramidal
system and receives afferent fibres mainly from the
caudate nuclews and putamen, The caudsate nucleus
projects to rostral parts of the substantia nigra
while the putamen projects to all parts of the
Substantia nigra, According to Carpenter (1972)
the substantisa nigra projects to the striatum and
to certain thalamic nucleli and nigrostristal fibres
appear to arise mainly from the large cells of the
pars compacta, These cells synthesizé and store
anﬁpchnxamﬂngs(dopamine, norepinephrine, and

serotonin) from where they are transported to the
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axon terminalé in the striatum. In the camel the
large cells of the pars compacta are the cells of
the x subdivision (which is very large in the camel).
The extrapyramidal system is more important in
sutprimates than the pyramidal system (Palmer, 1976),
The large substantia nigra (especially the pars
compacte) zlong with the exceptionally large red
nuclieus may indicate that the extrapyramidal system
is well develeped in this animal since both the red
nucleus and the substantia nigra are parts of the
extrapyramidal system. The camel is a very bhig
animal and it traverses sandy so0il; so the locomotor
system is expected to be highly developed and brain
centres of this system are also expected to be

highly developed as is the case in the camel.
Pretectum

The pretecfal nuclel of the camel.are: Nucleus
of the posterior pretectal area, nucleus pretectalis
medialis, nucleus of the optic tract and pessibly
nuclews pretectalis anterior (principal pretectal
nucleus of Carpenter and Pierson, 1973). 0f these
the nucleus of the posterior preteatal area is the
largest., The others are i11 defined. In the eat,
Kanaseki and Sprague (1974) recognized seven nuclei:-

1. Nucleus pretectalis anterior pars compacta or
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dorsalis., 2. Nucleus pretectalis anterior pars
reticularis or ventralis. 3, Nucleus pretectalis
medialis, 4., Nucleus pretectalis olivsris,

5. Nucleus pretectalis postericr. 6. Nucleus
tractus opticus and 7., Nucleus pretectalis subopticus.
Of these nuclei nucleus pretectalis olivaris, .
nucleus pretectalis subopticus were not identified
in the camel, Nuclews pretectalis anterior is
poorly defined in the camel and is, therefore, not
subdivided in this animal. In the cat, according
to these suthors the nucleus of the optic tract

is the best developed of the pretectal nuclei but
this nucleus is i1l defined in the camel, Although
the nucleus pretectalis posterior is well develeped
in the cat, it is not as developed in this animal
as in the camel, The pretectal area is less
developed in the menkey, Carpenter and Sprague
(1973) were able to distingwish only three nuclei
in this area: nucleus of the optic tract, nucleus
sublentiformis and nucleus of the pretectal area.
The nucleus sublentiformis appears synonymous to
the nucleus pretectalis anterior of Kanaseki and
Sprague (1973). This nucleus is the largest in the
monkey. The posterior pretectal nueleéus was not
seen in the monkey. (This nucleus is the largest
nuclei of the pretectal nuclei in the c¢amel). The

pretestum may be less eleborate and possibly less
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impartaﬁt in primétes and mén. Fibre analyéis of
the retinopretectal projections has shown that in
higher primates there is a considerable reduction
in the number of retinopretectal fibres., The
functional significance of this phylogenic trend
of development of the retincpretectal fibres needs

physiological investigation,
Diencephalon

The diencephalon as mentioned earlier is
subdivided into the epithalamus, the dorsal thalamus
(usually referred to as thalamus), the metathalamus,
subthalamus and the hypothalamus. The epithalamus
comprises the pineal gland the habenular nucleil
and the striae medullares (Carpenter, 1972).
According to this author the pineal body does not
contain true nerve cells and it is usually considered
to be an endocrine gland. The epithalamus of camel
resembles that of other mammals., The habenula: of
the camel is made up of the medial and lateral

nabenular nuclei as in other mammals,

The thalamus is the most compliex of the sub-
divisions of the diencephalon. The thalamus is
subdivided by the internal medullary lamina into

an outer and an inner pert. This lamina bifurcates
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to include within its branches the snterior nuclear
group of the thalamus, The lateral part is
subdivided inte dorsal and ventral groups and a
midline group is differentiated from the medial
group. Accordingly there are five groups of

thalamic nuclei,

The anterior nuclear group in the camel as in
other mammals is made up of three distinct but
small nuclei; nucleus anterior dorsalis, nucleus
anterior ventralis and nucleus anterior medialis,
The nucleus anterior ventralis and the nucleus
anterior medialis are Jjoined in the camel as in
many other animals. The differentiation between
the two nuclei is difficult in some animals although
this is not the case in camel since the neurons
of the nucleus anterior medialis are larger than
those of the nucleus anterior ventralis. Come
authors have subdivided the anterior nuclear growuwp
into an accessory anterier nuclear growp and a
principal anterior nuclear group because the
nucleus anterior ventralis and the nucleus anterior
medialis are usmally joined (Le Gros Clark, 1930).
The nucleus anterior dorsalis is particularly small
in man eoneisting of seattered cell groups near
the surface of the diencephalon (Ariens-Kappers,

1960)., The nueleus anterior dorsalis shows enormous
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ﬁroportions in the macroscelides (Le Gros Clark,
1929b)., Kanagasuntheram (1970) reported that

the nucleus anterior ventralis is subdivided in
some lorisoids into a medial megnocellular and

a lateral parvocellular portions, Apart from a

few minor differences the anterior nuclear group

of the thalamus appears to be fairly stable in

most mammals, In primates the nucleus anterior
ventralis is the largest of the three nuclei
(Herbert, 1963)., In the human thalamus the nucleus
anterior dorsalis is -very poorly developed.

Toncray and Krieg (1946) were unable to find the
nucleus anterior medialis in the human thalamus

and Sheps (1945) found only traces of this nucleus
in the human thalamus. The precise function of
these nuclei (anterior gromp of thalamic nuclei)

is yet to be fully worked out, This group of
nuclei was thought to have an olfactory function
(Le Gros Clark, 1949b) by early workers on the
thalamus but more recent studies (Maclean, 1955)
show that this greup may be concerned in affestive
emotional responses rather than olfaetion. However
the poor development of the anterior group of nuclei
in camel may be significant in relation to the

pdor sense of olfaction in this animal as is evident

fromt its small ill developed clfactory bulbs.
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The midline nuclear group in the Cémei.is hot
very well develeoped. Of these nuclei, the nucleus
paraventricularis is the best develeped. The
nuclei rhombeidalis, reunions and dentralis medialice
were fairly distinst. QOthers like the nucleus
commissuralis interantermedialis, nucleus sommissu~-
ralis interantercdorsalis and nuslieus commisswralis
interanteroventralis could not he delineated. The
midline nuclei according to Ariens-Kappers et al
{1960) are best developed in lower forms where
there is extensive interthalamié adhesion. In higher
mammals the amount of fusion between the thalami is
decreased and consequently the midline nuclei have
become vestigeal or have completely disappeared,

It is possible that the thalamic adhesion in camel
is decreased and the midlinée nuseleus groap is not

well develeped,

The mediéi nuéiéar gfouﬁ.include: the nucleus
medialis dorsalis, nucleus paracentralis, nu<leus
centralis lateralis, nuclwus parafa=sisularis,
centrum medianum, nutleus tractus habenulopeduncularis
lateralis, nueleus tractus habenulepedunsularis
medialis, nucleus ﬁarataenialis and the nﬁcleus

submedius,

The nuclei -sentromedianus, parafascisularis,

paracentralis and-¢entralis medialis are eonsidered
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by some authors (CroSby é£ al.lfgséaénd Cérpenfér,
1972) as members of the intralaminar group of
thalamic nuclei because they are found within the
internal medullary lamina which separates the

medial from the lateral subdivisions of the
thalamus,., The above authors have, therefore,
subdivided the medial group of thalamic nuclei

into a medi~l group proper and an intralaminar
group., Other authors (Warwick and Williams, 1973)
with whom the suthor of this thesis is in agreement
do not recognise the intralaminar nuclei as separate
from the medial group of thalamic nucleus. The
medial growp of thalamic nuclei éfe not discrete

in the camel hecause their boundaries are rather
indistinct, ZExceptions to this are the nucleus
medialis dorsalis and the péracentral nucleus

which are distinct in the camel. The neurons of
these nuclei are large and well stained. The
neurons of the paracentral nucleas stain much
deeper than those of the surrounding nuclei, The
nucleus medialis dorsalis is large but it is
undifferentiated into magnocellular and parvocellular
parts, This nucleus is similar in this regard to
that of the anteaters (Kaelber, 1966) but differs
from that of the deg (Rioch, 1929) and many primates
(Olszewski, 1952}, In the dog and in many primates

definite partocellular and magnocellular parts were
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differentiated. In the ferret (Herbert, 1963) a
lateral small part and a medial large celled smaller
part were identified, In the lorisoids Kanagasuntheram
(1968) reported a small lateral parvocellular and

a larger medial magnecellular portions. The small
celled element becomes progressively more conspieunous
in higher primates (Le Gros Clark, 1930). The
nucleus dwrs-medialis is a way staztion between the
hypothalamic centres and the prefrontal cortex in
primates and man, This nucleus in camel is
undifferenciated into magno and parvocellular
portions 2s in other mammals (e.g. dog, primate

and man), This is probably reflected in the poor
affective tone (ppdr anatomic substrata for emotional
experiences) in the camel in correlation with the

poorly developed prefrontal cortex.

The nucleus centralis lateralis is not found
in the thalamus of the camel, This nucleus which
is the lateral projection of the nucleus paracen-
tralis is very well developed in the anteaters
(Tamandua and Myrmecephaga) and in the dog and cat

but is reduced in primates (Kaelber, 1966),

The nucleus centrum medianum is poorly developed
in the camel. It is not distinct and its neurons
have a lower density than those of the surrounding

nuclei, In the ferret unlike in the camel, the
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nucleus is largéfﬁthan aﬁ}ﬂglﬁef.nucieuélof the
medial group except the nucleus medialis dorsalis
(Herbert, 1963). This nucleus is well develeped
in primates, The nuclews according to Crosby
(1962) is represented in-earnivores by a mere
cleuster of neurons while in primates especilally in
anthrepoids and man it is developed into a
conspicuous mass (Crosby et al 1962)., In these
animals where it is well developed, according to
the above author, it is subdivided into a more
lateral smalle=selled portion and a medial large

celled part,

The nuclei tractus habenulopeduncularis

medialis and lateralis were not found in the samel.

Many differences in the %ermiﬁiblogy have

grown up over the years with respect to the ventral
group of thalamic nuclei, A review of these
terminologies is given‘by Crosby et al (1962), The
terminologies used by this author are those of
Olszewski (1952) according to whish the ventral
growp of thalamic nuclei is subdivided into nucleus
ventralis anterior; nucleus. ventralis lateralis and

nucleus ventralis posterior,

The most remarkable part of the dorsal thalamus

in the camel is the nucleus ventralis posterior,
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This nucleus is very large and is made up of the
nucleus ventralis posterior medialis and nucleus
ventralis posterior lateralis, The nucleus ventralis
posterior medialis is bigger than the nucleus
ventralis posterior lateralis. The nucleus ventralis
posteromedialis is subdivided into a lateral and a
medial part. The lateral part of this nucleus is
prominent and persists throughout the extent of the
nucleus, The large nucleus ventralis posteromedialis
was also observed by Kanagasuntheram et al (1970)

in the camel, These authors have correlated the
large size of the nucleus ventralis posteromedialis
with the large trigeminal nerves in the camel,
According to Kanagasuntheram et al (1970) a similar
finding has been reported by Le Gros Clark (1932)

in ornithorynchus and by Rose and Meuntcastle (1952)
in the rabbit. In the loriscids (Kanagasuntheram,
1970), the nucleus ventralis posterolaterslis is the
larger of the two nuclei. This seems to be the case
in most mammals (Crosby et al, 1962) and alse in the

camel(present study).

The lateral group of thalamic nuclei is fairly
well developed in the camel, The most prominent of
the lateral éroup in the camel are the nucleus
lateralis posterior and the pulvinar. The pulvinar

in primates is remarkably large. This nucleus in the
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rhesus monkey is well developed and is divisible
into medial, lateral and esudal r portions
(Ariens-Kappers et al 1960), According to Crosby
et al (1962) it is well developed only in the
highest mamm:1s though it is present in subprimate
forms, It ccnsists of several nuclear masses in

man (Crosby ¢t al 1962).

The met thalamus of the camel shows some
interesting features. The lateral geniculate body
is very large and is made of a dorsal and ventral
nucleus. !anagasuntheram et al (1970) also observed
the remar! ible develepment of the lateral geniculate
body and related it to the large size of the optic
nerves, "'hese authors also observed that the lateral
geniculate body of the camel was bigger than those Jf
sheep and the pig in which the dorsal nucleus was
confined only to the dorsolateral corner of the
thalamus. The dorsal nucleus is laminated in primates
and six layers were identified (Glickstein, 1967,
Kanagasuntheram, 1968) while this nucleus is poorly
laminated in lower forms as reviewed in the
literature.(vide snte page 67)., These loyers mmed from
inside outwards, are distinguished into a magnocellular
and parvocellular portions, layers 1 ancd 2 are
magnocellular while the remaining layers are parvoce-

llular (Jones, 1966), Functionally, the lamination
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is correlated with the level of the decussation of
optic fibres. Crossed fibres of the optic tract
distribute to lavers 1, 4 and 6 while uncrossed
fibres terminate in layers 2, 3 and S5 (Minkowski,
19203 -Hubel and Wiesel, 1979). According to Crosby
(1962) epproximately 60 percent of the retinal fibres
were crossed and 40 percent uncrossed to the large=
celled laminge, In the lower mammals in most cases

three layers were found (Szteyn, 1967).

In the mole in which the optic nerves are very
minute the lateral geniculate nucleus is represented
only by a tiny cluster of cells. In the camel this
structure displayed a very peculiar organisation,

The lamination of this structwre is poor even though
the nuclewms is large. Only two lavers could be
distinguished in this animal, The third layer
mentioned by Kanagasuntheram (1970) is indistinet.
Singe lamination of this strusture is correlated with
the level of optic decussation, the level of optie
decussation in the eamel may he low, According to
Carpenter (1972), phylegenetically, the nucleus first
differentiates into three cell layers and becomes

six layered in forms where the optic tracts show a

partial decmssation,
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According to Slatter (1981) the visual cortex
is not the socle area for interpretation of visual
stimuli in domestic animels. According to the
above author, in some enimals (dog, cat) the
superior colliculus is believed to be an integrative
center for the more fundamental aspects of vision
because when the visual cortex is removed from the
dog light perception and discrimination of differences
in intensity of light are retained, unaltered, but
familiarity of surroundings is lost and the animal
moves cautiously as if blind., Based on the reports
of Slatter (1981) and the findings of the present
study one could say that the camel may have good
visual reflexes, It may be concluded that the
metathalamus is well developed in the camel but
poorly laminated (histologically) and since in the
desert environment there is no imminent danger from
other animals as in the forest environment, may
be the visual function is not so acute as is
evident from the comparatively poorly developed
striate cortex (area 17) (Ghaji, 1983) and the
poorly laminated laterel geniculate bodies. This
would also corroborate against the presummed acute
vision (McKnight, 1969) in the camel, This finding
is not in conformity with the observation of Mcknight

(1969)
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according to whom the camel has acute sense of vision,
However, the visual reflexes that are necesary for
motor coordination of the camel in the desert sancy
soil may be better developed as is evident from the
large size of the lateral éenitulate bedy and the

rostral colliculi,

The ventral nucleus of the lateral geniculate
body was studied in some mammals by Niimi et al (1963)
and the following discussion is based on their
studies, Accerding to the authors the ventral
nucleus of the lateral geniculate body is poorly
developed in lewer mammals, reaches its highest
peak of phylogentic develurmert in ungulates and
becomes reduced as the mammalian seale is aseended.
This nucleus is very poorly developed in the camel
being much smaller than the dorsal part of the lateral
geniculate body and is not differentiated into
internal and external layers as in the sow where the
nucleus is best developed showing internal and
external layers, The external layer is subdivided
into a medial dense celled and a lateral loose celled
sublayers. The internal layer is also well develeped
and is subdivided into pars dorsalis and pars ventralis,
The ventral nucleus of primates is the least developed
among the mammals studied by Niimi et al (1963) and

consisted largely of the internal layer which fuses
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medially with the zona incerta. In the carnivores
the nucleus is less developed than in ungulates Lov
ond =~ the internal layer is also
subdivided into dorsal and ventral parts., In lower
mammals the ventral nucleus is also poorly developed
but it is composed of internal and external layers.
In the bat and mouse it is poorly differentiated but
in the mouse the internal layer is differentiated
into dorsal und ventral parts., Since the nuclews

is poorly develeped in lower mammals and in the
primates, it is difficult to say whether the poorly
developed ventral nucleus of the lateral geniculate
in the camel is a progressive or regressive development

phylogenetically.

The hypothalamus

The hypethalamus forms the most ventral part of
the diencephalon, It is divided into right and left
halves by the third ventricle and it is demareated
from the dorsal thalamus by the rypothalamie suleus,
Rostrally, the hypothalamus is continuous with the
preoptic area, Four levels of the hypethalamus were
distinguished by Crosby et al (1962). They are, the
mammillary level, tuberal level, infundibular level

and the supraoptic level, Carpenter (1972) subdivided
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the hypothalamus inte: supraoptic region, tuberal
region and the mammillary region., Carpenter's
subdivision of the hypothalamus is followed in this
thesis. A sagittal line passing through the anterier
pillar of the fornix according to Carpenter (1972)
separates the hypothalamus intoc lateral and medial
hypothalamic areas, According to Ingram (1940)

there is a rcmarkable similarity of the nuclear
structure in the hypothalamic region of all mammals,
The hypothalamic nuclei in the camel conform to those
described for other animals except for a few miner
differences, The most remarkable feature of the
supraoptic region in the camel are the prominent
supraoptic and the paraventricular nuclei, The
supraoptic nucleus is very well developed consisting
of prominent medial and lateral supraoptic nuclei

and the paraventricular nucleus is subdivided into
dorsal and ventral parts, The nuclei are well
developed in anteaters like Tamandna tetradactyla and
Myrmecophaga Jjubata (Kaelber, 1966)., The paraventri-
cular nucleus and the supraoptic nuclei have aeuro-
secretory function., They are believed to elaborate
neurosecretory substance whish sould be stained by
Gomori's chrome alum hematoxylin or aldehyde fuchsin
(Crosby et al 1962). These neurosecretory materials
believed to be oxytoein and vasopressin are transported

down the hypothalamo-hypophvseal tract into the pars
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nervosa of the hypophysis., The paraventricular
nucleus is concerned with the production of oxytocin
while the supraoptic nucleus is concerned with the
secretion of the antidiuretic hormone. According to
Crosby et al (1962) destruction of the supraoptie
nucleus and its fibres causes increased thirst while
lesions in the ventromedial nuclei causes hypedipsia
with increased concentration of serum sodium. The
iateral hypothalamic nucleus when stimulated,
according to the authors elicits polydipsia. In the
regulation »f water intake therefore, the lateral
hypothalamic area and the ventromedial thalamic
nucleus furniction antagonistically to the supraoptie
nucleus” (Crosby et al 1962), The well developed
supraoptis nuclei in the e¢amel may help in the
remarkable water balanc¢e in this animal. As reviewed
in the literature the camel survives well in dry and
arid land with little water. Infac¢t it can survive
for dsys without water, a feat that many animals
sannot perform. The strikingly well developed
supraoptic and paraventricular nuelei in the samel

were alsc repsrted by “anagasumtheram (1970).

In the tuberal region of the hypothalamus in the
eamel the nucleus dorsomedialis hypothalamicus and the
nucleus ventromediallis hypothalamucus were found

as in other mammals to be indistinetly separated from
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each other. Fowever, the nucleus hypothalamicus
dorsomedialis contains larger neurons than the

nucleus hypothalamicus which is made up exclusively

of small glia like neurons and is indistinct,
Therefore the nucleus hypethalamicus dorsomedialis

of the camel is more prominent than the nucleus
hypothalamicus ventromedialis on account of its

larger cells, This view contradicts that of
Kanagasumtheram et al (1970) according to whom the
nucleus hypothalamicus ventromedialis of the camel

is extremely large and produces a ventral swelling
projecting beyond the surface of the remainder of the
middle hypothalamic region. According to Ingram (1940)
the nucleus hypothalamic ventromedialis is conspisuous
in the monkey but less conspicuous in man. The
nucleus is alse reported to be prominent in both
Galago and Slowloris by Kanagasuntheram et al (196%),
Kaelber (1966) reported the nucleus to be poorly
developed in Tamandua and said/%ggtpoor development

of this nucleus in the animal might reflest the
relative docility and phlegmantis nature of this
animal, However, acsording to Ingram (1952) destructive
lesions in the ventromedial hypothalamic nucleus
changed a formerly tame, gentle cat into a growling,
hissing, unfriendly animal an observation which
Kanagasuntheram et al (1968) have extended to explain

the well developed ventromedial nucleuc in the
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lorisoids. The poorly developed ventromedial nucleus
in the camel are in agreement with the findings of
Ingram (1940) reflects the docility and phlegmatic
nature of the camel. The nucleus tuberalis also

is poorly developed in the camel, compared to that

of other related mammals,

In the mammillary area the nucleus mammillary
medialis is the most conspicuous in the camel made wp
of small neurons, Although Kanagasuntheram et al
(19672) reported that this nucleus is subdivided into
three parts: ventrolateral, dorsoclateral and medial
parts, such a division was not seen in the present

work, The nuclems is undivided,

The nucleus mammillary lateralis found in the
camel comprises the smaller deeply stained nucleus
lying aleng the lateral and ventroclateral border of
the medial mammillary nucleus. This nucleus,
according to Crosby (1962) has been described in
lower mammals but its homologmwe in primates and man

is not clear.

The nueleus premammillaries is poorly represented
in the camel, This nue¢leus is poorly developed also
in some ungulates, like the cow (Gadamsgi and Lakomy,
1972) and the sheep (Walento et al 1969), The
supramammillary nucleus is fairly distinct in the
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camel, It is reported in the cow by Gadamski and
Lakomy (1972), and in sheep by Walento et al (1969).
This nucleus is not well defined in man (Crosby,
1962), The most characteristic features of the
human hypsthalamus according to Carpenter (1972)

are the sharply circumscribed tuberal nuclei, the
large size of the medial mammillary nuclei and thé
extensive di: tribution of large cells in the posterior
and lateral hypothalamic areas, In the camel the
most striking features are the large supraoptic

and paraventricular nuclei and to some extent the

medial mammillary nncleus,
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SUMMARY AND CONCLUSION

A comprehensive study of the brainstem of the
camel is presented in the thesis, The study was
carried out in two parts:= morphologic and
cytoarchitectural, Forty brains were used for the
morphological studies and the measurements were
made with the calipers, For the cytoarchitectural
studies of the brainstem nuclei the brainstems
were divided up into three parts: the diencephalon,
the mesencephalon, and the pons and medulla oblongata.
Trensverse, horizontsl and sagittal sections were
obtained from each of these parts at 24um and the
sectinns were stained with toluidine blue, The
morphological studies indicate that (1) pyramids,
gracile tubercle, corpus trapezoideum, transverse
crural tract, the medial eminence and the faciel
¢olliculus are wery small and in some cases
inconspicuous, (2) that there is no inferior olivary
prominence as well as the stria medullaris »f the
fourth ventricle, (3) that the pens, the medial
geniculate bodies, the mammillary body and the
cerebral peduncles are small, and (4) that the
trigeminal nerve, the rostral colliculi, the lateral
geniculete bodies and the hypophysis are large, The

Cytoarchitectural studies have shown that the red
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nucleus, the oculomotor nucleus, the lateral
geniculate nucleus, the substantia nigra, the
lateral group of thalamic nuclei, nucleus ventrelis
posteromedialis, the paraventricular and supraoptic

nuclei well developed,

The model of the red nucleus shows that it

is oval in shape with a small lateral projection,

The brain of the camel is not highly developed
in evolutionary terms beczuse of the poorly
developed thalamus, pons, pyramids, cerebral pedun=-
cles, infericr olivary nucleus, nucleus gracilis,
and the presence of the large magnocellular part of
the red nucleus, The remerkable water conservation
in the camel may be due to the well developed
supraoptic nucleus in this animel, The senses of
vision, audition and olfaction are poorly developed
in the camel, The rubrospinal tract is presumably
better developed than the pyremidal tract because
of the greatly developed red nucleus, Proprioception
and exteroception sre poor in the camel especially
from the hindquarters while the neck and the face
are likely to be richly supplied with sensory fibres
bccause of the large trigeminal nerve and the
prominent nucleus ventralis postercmedialis, The

nucleus gracilis, and to some extent cuneatus are



166

poorly developed in the camel, These along with
the poorly developed nucleus ventralis postero-
lateralis indicates that proprioception and
exteroception from the fore and hind guarters are

poor in the camel,
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Fig, 1: Transverse section of the caudal-most
level of medulla nblongata
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Svinal tract of the trigeminal nerwe
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Medial asccessory olivary nucleus,

Fig. 2: Transverse section of the caudal medulla
oblongata at the level of the vagal and
hypoglossal nuclei
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Commissural subdivision of the nucleus
solitarinz
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Transverse section of the medulla
oblongata at the level of the inferior
olivary nucleus
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Fig, 5: Transverse section of the medulla
oblongata at the level of cuneate nucleus
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Fig., 6: Transverse section of the medulla coblongata
at the level of the facial nucleus

1. Caudal vestibular nucleus
2. Nucleus praepositus
3., Medial vestibular nucleus
4, Principal sensory nucleus of the
trigeminal nerve
5. Caudal cerebral pedanche
6. Spinal tract of the trigeminal nerve
7. Paragigantocellularis dorsalis
8, Nucleus pallidus
9. Paragigantecellularis lateralis
10. Facial nucleus
11. Spinal nucleus of the trigeminal
nerve,
12. Nucleus parvocellularis
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Fig., 7: Transverse section of the medulla oblongata
at the level of laterasl vestibular nucleus
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Fig, 8: Transverse section of the rostral
medulla oblongata at the level of the
rostral vestibular nucleus

1« Medial vestibular nucleus

2. Rostral vestibular nucleus

3, Lateral vestibular nucleus

4, Caudal cerzbral peduncle

5. Dorsal cochlear nucleus

6. Spinal tract of trigeminal nerve
7. Spinal nucleus of trigeminal nerve
8, Nucleus of superior olive

9, Cerebral peduncle,

10, Nucleus of the trapezoid body
11, Abducens nucleus

12, Nucleus paramedianus dorssalis,
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Transverse seation of the brainstem at the
nontomedullary Jjunction
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Fig, 11: Transverse section of the caucal midbrain
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Trarnsverse section of the midbroin at
the level of the caudal colliculus
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Iransverse section of the midbrain at
the level of the trochlear nucleus
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9.
10.
13
12,
15,
14,
15,

16,
17.

Stratum cinereum
Middle layer of white and grey matter
Deep layer of white and grey matter

Mesencephalic nucleus of the
trigeminal nerve

Cerebral aqueduct
Periagqueductal grey
BErachium of the rostral colliculis
Trochlear nucleus
Lupratrochlear nucleus
Central tegmental tract
Mucleus sagulum

Lincar nucleus
Interpeduncular nucleus
Substantia nigra pars
Substantia nigra pers

Substantis nigrae pars
Nucleus pedunculopontinus,

Transverse section of the midbrain at
the rostral level of the red nucleus
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10,
1.
125
13.
14,

15.
16.

Stratum cinereum

Middle layer of white 2nd grey metter
Deep layer of white and grey matter
Pineal gland

Mesencephalic nucleus of the
trigeminal nerve

Medial geniculate body
Medial lemniseus
Cerebral aquedust
Central tegmental tract
Oculomo%or nucleus

Red nusleus

Cerebral pedunsle
Substantia nigra

Fibres of the red nucleus
Pars reticulata of substantina nigra
Nucleus peripeduncularis
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Transverse section of the dienceph~lon
at the level of the pretectum

11,
12.
13,
14,
15.
15,

Principsl nuc:eus of the pretectal eres/
nucleus suhlentiformis

Nucleus of the posterior commissure
Fosterior pretectal nucleus

FPosterior commissure

Stratum c¢inercum of rostral colliculi
Pineal gland

Nucleus geniculatus lateralis pars

dorsalis
Pulvinear X
Nucleus lsateralis posterior
Medinl geniculate body 17. OSubstantia
, , nigra.
Nucleus ventralis posterior 18 Int t1tial
. e i tia
Nucleus of darkschewitch ngchSslof
Central tegmental tract cajal
n 19, Nucleus of
ed nucleus the optic
Edinger Westphsl nucleus tract

Linear nucleus (rostral p=rt)

Transverse section of the diencephalon at
the level of the caudsl commissure

12.

13.
14,

Lateral habenular nucleus
Nucleus of the posterior €ommisgure

Hucleus geniculatus loteralis pors
dorsalis

Pulvinar

Posterior lateral nucleus

Medial geniculrte body

Nucleus ventralis posterior medialis
Nuelcus rahtitrshisapniteriorr-ionlsetetrddons
Nucleus substantia nigra pars lateralis
Zona incerta

Red nucleus

Habenulopeduncular tract

Substantia nigra pars compacta

Edinger Westphal nucleus
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Transverse section of the diencephalon
at the mammillary level
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Medial habenular nucleus
Habenulopeduncular tract
Habenulopeduncular nucleus

Pulvinar pars geniculata

Nucleus geniculatus lateralis pars
dorsalis

Fibres of the optic radiation

Nucleus lateralis posterior
Centromedian nucleus

Reticular nucleus (Nucleus reticularis thalami)
Nucleus ventralis posterior lateralis
Nucleus ventralis posterior medialis
Subthalamic nucleus

Cerebral pedunciler '

Pasterior hypothalamic nucleus
Substantia nigra

Medial mammillary nucleus

Nucleus parafascicularis,

Nucleus geniculatus lateralis pars ventralis
Nucleus memmillary loteralis

Nucleus suprammillaris,

Transverse section of the diencephh2on
at the tuberoinfundibular level
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8.

9.
10‘
11-
12.
13.
14,
15.
16,
17.
18,

19.

Paraventricular nucleus

Rhomboidal nucleus (Nucleus Rhomboidalis)
Nucleus reuniens

Anterodorsal nucleus (nucleus antero-
dorsalis)

Dorsomedial nucleus (Nucleus medislis dorsslis)
Anteroventral nucleus

Paracentral nucleus

Nucleus centralis medialis

Nucleus ventralis lateralis

Nucleus submedius

Nucleus hypothalamicus ventromedialis
Nucleus hypothalamicus dorsomedialis
Lateral hypothalamic nucleus

Nucleus supraopticus medialis

Fornix

Optic tract

Internal capsule
Perifornical nucleus
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Fig, 22:

Transverse section of the diencephalon
at the level of the anterior thalamic

phroyentsidisleris
rhomboté-fits
anterior dorsalis
anterior ventrelis
parataeniclis
anterior medialis
ventralis snterior
reuniens

submedius

suprzoptisus Loterslls

Paraventricular nucleus of hypothalomus

Transverse section of the dien¢ephalon 2t
the level of suprooptic nueleus

Paraventriculsar nucleus

anterior medialis
ventralis anterior
submedius

Suprachisrsmaticus nucleus
Supraoptic nucleus (suprropticus lateralis)

nuclcus

1. Nucleus

2. Nucleus

3. DNucleus

4, MNucleus

5. Nucleus

6. Nucleus

7« Nuecleus

8, HNucleus

9. Nucleus

10, Nucleus

11. Optis trost
g 7.2

13. Internal copsule
1.

2. Nucleus

3. Nueleus

4. Nucleus

54

6,

7. Optic tract
8, Internal capsule
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Fig, 23: Transverse section of the diencephalon
at the level of the anterior hypothalamic
nucleus
1. Paraventricular nucleus
2. Anterior hypothalamic nucleus
3., Optic tract
4, Nucleus preopticus magnocellularis
5. Internal cepsule fibres

6. DNucleus supraopticus laterelis

7. Nucleus preopticus interstitioslis

Fig. 24: Transverse section of the diencephalon
at the level of the preoptic area

1. Nucleus preopticus medialis

2. Nucleus preopticus principalis
3. Optic tract

4, Internal capsule fibres

5. Nucleus supraopticus lateralis,

6. Nucleus preopticus interstitinlis
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Fl-te 1: Midsagittal section of the camel brain
A -~ Cerebrum
B - Corpus cellosum
C « Cerebellum
D - Thalamus
E - Tectum
G - Tegmentum
H w Basilar pons
M - Meculla oblongata
A = Hebenul-r
HP = Hvroath~l-mig
Plate 2: Ventral view of the brainsiem
0 =~ Optic chiasma
K = GCculomotor nerve
I =~ Interpeduncular fossa
P - Cerebrel pedencle (crura cerebri)
PN - Pons
FR - Pyramidal tract
M « Medullas oblongata
T « Trigeminal nerve

CN = Cranial nerves









PLATE &

PLATE 6









. 207

Plate T: Neurons of nucleus praepositus enlarged

Bar represents 4Q00um

Plate 8: Neurons of the vagal nucleus

Bar represents 1000um
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Plate 9: Some neurons of the vagal nucleus enlarged

Rar represents 1000um

Plate 10: The relaticonship of the lateral subdivision
of the nucleus solitarius (s) tc vagal
nucleus (N) shown in this plate

Bar represents 1000um
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Plate 11: The medial (M) and lsteral parts of the
nucleus solitarius, Note the large
neurons of the leteral part and the glial

like neurons of the medial part

Bar represents 1000um

Plate 12: Nucleus ambiguus, The neurons are large

and multipolar

Bar represents 1000um,
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PLATE 14



210

Plate 13: Some neurons of the nucleus ambiguus

enlarged -

Bar represents 10QQum

Plate 14: Medial vestibular nucleus, Note the

small neurons

Bar represents 1000um.
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Plate 15:
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Lateral vestibular nucleus., The neurons

are large and multipolar

Bar represents 1000um

Facipl nucleus, The neurons are also
large and multipolar (Lateral part of the

nucleus)

Bar represents 1000um
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Plate 17: Neurons of the medial part of the facial
nucleus, Note: these neurons are small

compared to those of the lateral part
(Plate 16)

Bar represents 1000um

Plate 18: Neurons of the abducens nucleus

Bar represents 1000um
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Plate 19: UMesencephalic nucleus of the trigeminal
nerve shown (aggregates {
the lateral edge of the periaqueductal
grey (Rostral midbrain level)

Bar represents 1000um

Plate 20: Neurons of the dorsal cochlear nucleus
Note: +their small size

Rer represents 1000um

Plate 21: Enlarged neurons of the dorsal coerliar

nucleus
Bar represents 3000um,
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Plate 22: Neurons of the motor nucleus of the
trigeminal nerve

Bar represtnts 1000um

Plate 23: Some of the neurons of the mot-r nucleus

of the trigeminal nerve enlarged

Bar represents 10Q0um,

Plate 24: Los¢us coeruleus nucleus, Note: the

elongated shape of the neurons,

Bar represents 1000um,
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Plate 25: Some neurons of locus coeruleus enlarged

Bar represents 10Q0um

Plate 25: Neurons of the nucleus gigantocellularis.
Note: The neurons are large and irregularly
arranged

Bar represents 1000um

Plate 27: A few neurons of the nucleus gigentocelularis
enlarged

Bar ngpresents 10QQ0um.
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Plate 28: Neurons of the pontine grey (ventral
part)

Bar represents 1000um

Plate 29: Neurons of the dorsal part of the

pontine grey

Bar represents 10QOum v

Plate 30: Some of the above neurons of the dorsal

part of pontine grey enlarged

Bar represents 10Q0um,
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Plate 34: Nucleus pallidus, Note neurons are
oriented dorsoventrally along the midline,
On both sides are neurons of the nucleus
gigantocellularis

Bar represents 1000um

Plate 32: Fibres-of the oculomotor nucleus passing
through the red nucleus

Bar represents 1000um

Plate 33: Neurons of the red nucleus. Note: the

large size of the neurons

Bar represent 100Qum.,
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Plate 34: Fhotogranh of the model of the red
nucleus, € (Caudel), R (Rostral),

A (lateral horn).

ERr-TrepTTsents—ttO0uN

Plate 35: Gallocyanin/methyl green stained section
showing fibres passing through the
magnocellular part of the red nucleus

Bar renresents HOOOum,

Plate 36: A large neuron of the magnocellular
part of the red nucleus enlarged

Bar represents €Q00um,
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Serial sagital sections of the red
nucleus at various levels showing
subdivision of the red nucleus into
caudal magnocellular and rostral
parvocellular portions. The subdivisions
of the parvocellular portion are also

Enown,

-n‘ *4“‘* x
D***-J“,*_
¥ow *: 0

(P M)
Pars magnocellularis

::::::::::“- (PP
22" Parg parvoesllularis

©1)
Cornu lateralis
(minimus cells)

l:i:r:i:;
L ]
t'a’:':': I—?Lg-vllentralin

Tiit+
1337 (P D)
R

Pare dorsomedialis
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plate 38: A section through the oculomotor
nucleus showing the subdivisions of
this nucleus

D - Dorssl
V - Ventral
I - Intermediate
M - Medial
E - Edinger-Westpharl nucleus

Rar represents 1000um

Plate 39: Edinger Westphal nucleus (E) bordered
on both sides by the oculomotor nuclei (0)

Bar represents 1000um

Plate 40: Some neurons of the oculomotor nucleus

enlarged

Bar represents 10Q0um
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Plate 41: Some neurons of the Edinger Westphal

nucleus. Note the elongated appearance

of the neurons
Bar represents 10Q0um

plate 42: The relationship of the trochlear
nucleus (T) to the supratrochlear
nucleus (ST){is shown in this plate
Bar represents 1000um
plate 43: A few neurons of the trochlear nucleus.

Bar représents 10QDum.
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Some neurons of the supratrochlear

plate L&z
nucleus. Note: the dark staining
Bar represents 1000um
plate 45: Neurons of the gubstantis gelatinosa.
Note: the tiny but well stained peurons
Bar represents 1000um
plate 45: Fipbres of the oculomotor pucleus
f the

exiting tnrough the nucleus ©
rea of tsai

ventral tegmental 2
Bar represents 1000um
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Plate 47: Cells of the stratur cinereum.

Note: their dustlike appearance
Bar represents 1000um

Plate 48: Cells of the stratum cinereum enlarged

Bar represents BQOOum

Plate 49: Some cells of the deep grey stratum
of the rostral «ollisuli enlarged
Note: the cells are not as well stained
as those of stratum cinereum (Plate 48)

and are fairly larger,

Bar represents H0pOum,
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Plate 50: Neurons of the lateral geniculate body

Bar represents 1000um

Plate 51: Neurcns of lateral geniculate body
enlarged

Bar represents 1000um

Plate 52: Neurons of the pulvinar

Bar represents 1000um
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Plate 53; Supraoptic nucleus fituated above the
optic tract {0)
Plate~54: Nucleus lateralis posteriar
Plate 55:

Nucleus ventralis posteromedialis



226

Table 1: Slaughter figures in major towns of the
far Nerth for five years

Year Kano Kaduna Borno Sekoto
1976 ~, 213 1,396 692 3,222
1977 7,940 1,243 487 2,254
1978 11,321 976 2912 5,624
1979 7,517° 1,186 143 2,491°
1980 11,381 1,812 2517 4,092

1. Slaughter figures for 11 months only
2. ©Slaughter figures for 4 months enly

3. Slaughter figures for 2 months enly

Souree: QOuarterly livesteck market survey of

Federal Livestock Department
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[abl¢ : Morphometric Characteristics of the camel
brain (measurement in cm,) pefore processing
h - Ma o]
No, of Mear
opecimens Lengtl

1 r

Thalamus 1.5 2.2 A -
]
Hypothalamus 40 2l 1&5 - -
]
ptic tract 2.4 . - -
[ -
FPones i ].6) ‘.J'IJ - —
Medulla obleangcats 40 7‘ ;‘." - -

Rostral ¢>lliculus 1.9 1.4 1.1 -

liculus 40 0.52 0.8 ),70 -

Cerebral peduncles 40 eI 1€ - -
Length of 4 1.5 - - ==
) ., } - o

Lengtr 1 4 0 E - -

Pineal gland 40 0.6 0.8 0.6 0.2

H - 1 . \ - 7 ] r g 'ata ~
Hypophysis 40 1.7 3 1.0C 0.4

- gEe——— . / . EX [ &
Frainsten G,.1 - - DPad
wholebrain 50 - = - 476.8

{1 eranial edge of rostral celliculi

. ic ghiasms tc audal ¢ f

. ¢ chiasma to ateral geniculate body
4 ial extent

5. Caudal edge of mammillary body to rostral ed.e of pons
6. Rostral edge of rostral colliculi tc caudal edge of
caudal colliculi

7, Pontomedullary Jjunction to just after hypeglossal
nerve,

M Je 0 # N IS ) W 116 L 0 T
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Table 3: Comparatiwe morphometrie sharacteristies
of the brainstem of the Zebu cattle,
buffalo and camel

1

Zebu 2 3

Cattle Buffale Camel
Length of Hypothalamusu 2,60 2,00 2.2
Length ¢f mgsencephalie

tegmentum 5 1.4 4.5 1:5

Width of pons6 144 1.4 1.6
Length of pyramids 2.9 2.6 3

Length of myelencephalon

Length7of trapezeid

body 0.6 0.5 0.5 cm
Lateral extent of

trapezoid body 2.7 B3 3.4
Length of mesencephalic = 2.6 r Mg
Tectum
Brain wt(gm) 457.6 476,81

1. Dandie (1980), DVM. Project, ABU, Zaris
2. Harper and Maser (1975)
5. Present study

4, Rostral edge of optie chiasma to caudal edge of
mammillary body

5, Caudal edge (f mammillary bedy to rostral edge ef
pons

6. Restrocaudal measurement
7. Reastrocaudal extent

8. ©Cranial edge of rostral™wolllwuli to the caudal
edge of caudal eokliculi
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Table 4: Measurements of the red nucleus of some
mammals

Species Length Vidth Height

Camel B.4 5.00 %.7 (present study)

Buffalo 5.9 2.9 3.00 (Paily, 1975)

Pig 5.1% 5.7 2.4 (Otabe & Horowitz,

1970)

*Macacs

cyclopsis 5 PR . - -

*Macaca

mulata 4,3 2.5 2.3

*Date obtained from Massion (1967).



