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SUMMARY: The aim of the current study focused on the morphological features of the brain of the African ostrich. The brain was
studied macroscopically, microscopically and the measurements of all brain parts were demonstrated. The brain of ostridhusas rh
shape with large obtuse triangular cerebrum with sagittal dorsomedial wulst. The olfactory bulb was small with undeveiope dobiéa
The diencephalon gave rise to the pineal gland, which was inverted tubal structure with an obtuse triangle bottom. Iciuigeropitd
optic tract demonstrated that continued to the optic lobescéiebellumwas represented by central vermis that had numerous transverse
fissures and two small lateral floccules on its lateral surfacemiéuilla oblongatawith clear pontine flexure and no obvious pons or
trapezoid body appeared. The histological results revealed that the cerebral cortex formed of several ill-defined layers. dheemnost
common appearance characterized by few small neurons supported by neuroglia. The cerebellar cortex consists of threelyayers nam
molecular layer, Purkinje cells layer and internal granular layer, the layer of Purkinje cells characterized by a veiy badye Tae
medulla oblongata was covered by pia mater of loose connective tissue that covered with simple squamous epithelium awppbscular
extended beneath the pia mater. The cell nuclei of the medulla oblongata were formed from few multipolar neurons, sufgerted by
neuroglia. The fourth ventricle was lined by pseudo stratified columnar ciliated ependymal cells.

KEY WORDS: Brain; Morphology; Ostrich.

INTRODUCTION

The African ostrich is native to Africa and Arabian Therefore, the aim of this study was to make a

Desert areas. They mainly live in dry African regions angpotlight on the gross anatomy, brain parts dimensions,

the extremely hot Arabian Desert, in harsh climates withind the histological structures of the brain of the African
food shortages (Musleit al, 1998). However, in the last 2 gstrich.

decades, people have begun to pay more attention to ostriches

because of their great economic value. The ostrich breeding

industry is growing rapidly in many places, including theqATERIAL AND METHOD

USA, Australia, New Zealand, Israel, Canada, Europe, and

China (Al-Nasseet al, 2003). Hence, ostrich breeding is

improving greatly recently, and researches about ostrich is  Ten fresh heads of ostriches of both sexes aged 9-12
picking up. There are some reports about the external featusgésnth collected from the slaughterhouse of Alexandria and
of the African ostrich brain (Wengiet al, 2005; Pengt Behera governorate in Egypt were used in the current study.
al., 2010) but there are not any literatures about the internal

features and the histological structures of the brain parts. One ostrich head was opened freshly to get the
The avian cerebral cortex consists of two materials, graamples for histological examination, about  Samples
matter, and white matter, the gray matter situated externaffpm cerebrum, cerebellunandMedulla oblongatavere
while the white matter situated internally (Dellman é&fixed in 10% phosphate buffered formaldehyde. The fixed
Meclure, 1975). The cerebral cortex is composed of s@pecimens were processed for paraffin sections. |Four
layers, molecular layer, external granular layer, externgdick serial sections were prepared and stained using

pyramidal layer, internal granular layer, internal pyramidaliayer's hematoxylin and eosin (H&E) stain.
layer, and multiform layer (Pat al, 2003).

"Anatomy and Embryology department, Faculty of Veterinary Medicine, Alexandria University, Edfina, Egypt.
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The other heads were kept in freezer for th
morphological study. One head were sagittaly sectioned a
the other heads; the skulls were opened and the brain
its meninges was removed outside the cranium. The leng
and width (mm) of every part of the brain was measurg
using Vernier caliper. All values were expressed as niean
SEM. The data were analyzed using general linear model
SAS (SAS Institute Inc., 1992) as shown in Table I.

Table 1. The dimensions of the brain parts of the African ostrich

Length (mm) Width (mm)

Ttems (Mean+SE) __ (Mean = SE)

Total brain 58.48+0.44a 42.63£0.63b

Wulst 28.75+0.32a 10.88+0.43b

Cerebral hemisphere 31.88+0.432 20.50+0.46b

Olfactory lobe 15.15+0.67a 8.75+0.32°

Optic lobe 16.38+0.43a 8.48+0.48"

Pineal body 6.93+0.22% 6.40+0.22%

Cerebellum 26.75+0.32a 18.70+0.34b

Medulla oblongata 18.85+0.43a 12.78+0.34b ; " - — ; ;

Hypophysis 82340 34 9 134043 Fig.1. Dorsal view of the brain of ostrich with meninges, two eyes
Optic tract 79840 21 33540 25" and spinal cord: Acerebr_um C=cerebellumE- spinal cord, 1=
Infundibulum 42550 30° 3 4840.21° dura matter, 2= Arachnoid, 3= olfactory nerve, 4= eye.

two rounded wide angles. The average length and width of
RESULTS the cerebral hemisphere were 31.88 mm and 20.50 mm

respectively. The two cerebral hemispheres were separated

by the dorsal median longitudinal fissure. On each side of
Gross anatomy of the brain The brain of ostrich was the median longitudinal fissure, the sagittal eminence (wulst)
rhombus in shape. The wide rostral angle was formed biewed as a sagittal dorsomedial swelling, which extended
the rostral part oferebrum While the caudal narrow angle from the olfactory bulb to the caudal pole of the hemispheres
was formed by theerebellumandMedulla oblongataThe (Fig. 3 (2) and Fig. 4 (1)). The wulst length and width were
adult brain divided into three main parts: the hind brain
(Medulla oblongataCerebellun), the midbrain (Peduncles
of thecerebrum Optic lobes), and the forebraifialamus
Pineal bodyHypophysisOptic tracts and chiasm, Cerebra
hemispheres, Olfactory lobes)

The structures that appeared on the dorsal aspec
the brain were the olfactory bulbs, cerebral hemispherg
optic lobe, pineal bodgerebellumandMedulla oblongata
Whatever the structures that appeared on the lateral aspé
of the brain were the olfactory bulderebrumcerebellum
Medulla oblongataoptic lobe, optic chiasm, optic tracts,
andhypophysisWhile the structures that appeared on th
ventral aspect of the brain were the sagittal eminend
olfactory lobeshypothalamusoptic lobes, optic chiasm,
optic tractshypophysisandMedulla oblongata

Fig. 2. Dorsolateral view to the brain with meningescérebrum
B= optic lobe, C=cerebellum D= medulla oblongataE= spinal
cord, 1= nuchal flexure, 2= abducent nerve te3storum cerebelli

CerebrumThecerebrumwas the largest part of whole brain;

it covered completely the diencephalon and largely thf: falex cerebri, 5= dura matter, 6= arachnoid, 7= dorsal cerebral

midbrain (Figs. 1-6A). It formed the dorsal portion that ex1'ongitudinal fissure, 8= dorsal transverse fissure, 9= olfactory nerve,
tended from the olfactory bulb rostrally to tberebellum 10= optic nerve, 11= trochlear nerve, 12= oculomotor, 13=

caudally. It was convex dorsally and broad caudally withigeminal nerve.
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28.75 mm and 10.88 mm. The wulst surrounded arghve access to the small olfactory bulb. Consequently, to
separated from the cerebral hemisphere laterally by a curibd narrowness of the rostral pole, it inserted between the
shallow groove telencephalic vallecula (Fig. 3 (1) and Fig.tvo large orbits that leave a great print (impression bulbi
(2)). The cerebral surface was smooth, and there were mouli) in the ventrolateral (orbital) surface of the
gyri or sulci. The transverse fissure separated the caudal plodanispheres. The orbital surface of the brain composed from
of the cerebral hemispheres from tterebellumdorsally the cerebral hemispheres dorsally and the rostral part of the
and extended to separate the optic lobe laterally and ventratjytic lobe and the rostral surface of the optic tracts. In the
(Fig. 2 (8), Fig. 3 (7) and Fig. 4 (6)). The central parts of theentral surface of the cerebral hemisphere, there were ven-
transverse fissure deepen to form triangular fossa occupieal median cerebral fissure (Fig. 5 (5)); it considered the
by the pineal body. Meanwhile the tip of the rostral poleentral extension of the dorsal longitudinal cerebral fissure
(Fig. 2 (7) and Fig. 3 (3)), this fissure interrupted by the
optic chiasm. Beside this fissure, there were two-paramedian
protuberances (Fig. 5 (4)). The optic lobe covered up the
ventral part of the caudal pole of the hemispheres. Each
hemisphere contained a large lateral ventricle.

Fig. 3. Dorsal view of the brain: Aserebrum B= optic lobe, C=
cerebellumD=medulla oblongatal= vallecula, 2= wulst, 3= dor-
sal cerebral longitudinal fissure, 4= olfactory nerve, 5= rostral ¢
rebral pole, 6= caudal cerebral pole, 7= dorsal transverse fiss
8= pineal body, 9= cerebellar vermis, 10= cerebellar auricle, 1
dorsal medullary fissure.

Fig. 5. Ventral view of the brain: Aeserebrum B= optic lobe, D=
medulla oblongatd = rostral cerebral pole, 2= caudal cerebral pole,
3= olfactory lobe, 4= paramedian eminence, 5= ventral longitudinal
fissure, 6= olfactory nerve, 7= optic nerve, 8= optic chiasm, 9=
optic tracts, 104nfundibulum 11=hypophysis12= oculomotor
nerve, 13= trochlear nerve, 14= trigeminal nerve, 15= midbrain
16= pons, 17= ventral medullary fissure.

Fig. 4. Lateral view of the brain: Acerebrum B= optic lobe, C=
cerebellum D= medulla oblongataE= spinal cord, 1=wulst, 2=
vaIIecuIa 3= olfactory nerve, 4= olfactory lobe, 5= orbital print ‘

= lateral part of transverse fissure, 7= optic tract, 8= optic chiasFig. 6. Saglttal section of the head: éerebrum C=cerebellum
9 optic nerve, 10infundibulum 11= hypothysis,12= midbrain, D= medulla oblongataE= spinal cord, 1= olfactory nerve, 2=
13= pons, 14= trigeminal nerve, 15= cerebellar fissures, l1@halamus, 3= optic chiasm, 4hypophysis5= pineal gland, 6=
cerebellar lobe. cerebellar medullgZ= cerebellar lobe.
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Olfactory bulbs. Small olfactory nerve and bulb appearedhe diencephalon definitely to theypothalamusand
at the rostral pole of the cerebral hemispheres; however, theggophysisand no line of demarcation between them
was undeveloped olfactory lobe in the ventral surface of tiidiencephalon and mesencephalon). Midbrain fused caudally
rostral pole of the cerebral hemispheres (Fig. 4 (4) and Figith the pons. The area between the two lobes (interlobar
5 (3)), the olfactory lobe measured about 15.15 mm lengthidbrain) was obscured dorsally by the caudal pole of
and 8.75 mm width. There were not olfactory tracts like thaerebrumand thecerebellum The ventral part considered
of the mammals. the cerebral peduncles (crus) with intercrural fossa. The 3
and 4 cranial nerves originated from the midbrain ventral
Diencephalon It located in the base of the brain betweenspect. In addition, themesencephalon aqueduct passes
the telencephalon and midbrain covered by the cerebtiatough the midbrain, which connects, between the 3rd and
hemispheres dorsally; the diencephalon included tH¢h ventricles.
Thalamushypothalamusand epithalamus (pineal body).
The third ventricle passed in the diencephalon ar@ptic lobe. It originated from the midbrain (Figs. 2-5B), it
communicated the lateral ventricle through thevas about 16.38 mm in length and 8.48 mm in width, It
interventricular foramen. extended dorsally between the caudal pole of cerebral
hemisphere rostrally anckrebellumcaudally, meanwhile
Optic tracts and optic chiasmThe ventral surface of the ventrally extended between the optic tract and cerebral
brain showed little demarcation between the structures. Themispheres rostrally and the cerebral peduncles and pons
optic tracts and optic chiasm in the ventral surface of tleaudally. It appeared as a bulge laterally, it gave rise to the
brain appeared clear and large. The optic tract derived framtic tracts.
the optic lobe measured about 7.93 mm in length and 3.35
mm in width and located at the rostral part of it (Fig. 4 (7TerebellumThecerebellumwas long diamond shape (Fig.
and Fig. 5 (9)). The optic tract had two faces anterior arf®&4C) measured about 26.75 mm in length and 18.70 mm
posterior. The optic chiasm indicated the crossing of the rigint width. It extended from the transverse fissure and the
and left tracts to emerge the optic nerves to the eyeballs (Fifgairth ventricle, it laid upon th#edulla oblongataThe
4-5 (8)). The optic chiasm and the optic nerves situated orstral apex oterebellumfit with the central fossa of the
the diencephalons region. transverse fissure. Therebellumvas large when compare
to the total size of the brain and compressed laterally. It
Pineal body. The pineal body appeared inverted tubalepresented by central convex vermis with numerous
structure with an obtuse triangle bottom about 6.93 mm transverse fissures with small ventrolateral cerebellar auricles
length and 6.40 mm in width, it originated from diencephalotie so-called flocculus. Theerebellundivided by 9 primary
the tubal part is pass between tleeebrumandcerebellum  fissures to 10 lobes which subdivided by 7 secondary fissures
it bottom settle in the central part of the transverse fissur@ 14 lobules (folia). In the sagittal section, the cerebellar
(Fig. 3 (8)). Pineal considered the line of demarcatiocortex (gray matter) arranged externally withd¢kesbellar
between midbrain and diencephalon. The dorsal part of threedulla(white matter). As theerebellumcovered the 4th
pineal body tightly attached to the dura matter. ventricle, it includes the cerebellar recess ventral to the base
of thecerebellum
HypophysisThehypophysisppeared a large globular shape
structure (Figs. 4-5 (11)) measured 8.23 mm in length aiMkdulla oblongatalt was a club shaped structure (Figs. 2—
9.13 mm in width. It suspended from the ventral surface 6D) measured 18.85 mm in length and 12.78 mm in width,
the brain by thenfundibulumthat was about 4.25 mm in the most caudal part of the brain followed by the spinal cord.
length and 3.48 mm in width, which defined as hallow tubi@ the dorsal surface medulla form slight dorsal convexity
like structure connedtypothalamuswith hypophysisthe  with the spinal cord the nuchal flexure, and has the rhomboid
hypophysiss related to the diencephalon region ventrally dbssa to form the floor of the fourth ventricle, at the caudal
the level of optic lobe. angle of the fossa present the dorsal median medullary
fissure. In the ventral surfaddedulla oblongatawith the
ThalamusTwo rounded structures appeared beneath the tpons formed the great ventral convexity the pontine flexure,
cerebral hemispheres rostral to the origin of the pineal bodnd has the ventral medullary fissure is wider but shallow
than the dorsal fissure. It lacks from the trapezoid body
Midbrain . Midbrain was small narrow area the uniqueyramid and its decussation. At the rostral end of medulla,
structure related to this region is the optic lobe whicpresent the pons (Fig. 5 (16)) that is not prominent and
considered the analogues to the rostodliculus of tectum represented by flat area. The medulla gives the origin to
(Fig. 4 (12) and Fig. 5 (15)). Midbrain presented caudal ranial nerves from'to 12" cranial nerves.
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Microscopical investigation of the brain
Optic lobe: The optic nerve was formed from myelinated
Cerebrum The cerebral cortex was formed of severaherve fibers that merge into the optic lobe (Fig. 10). The
neurons, which were ill defined. The most commowoptic lobe was formed from medium sized spherical neurons
appearance characterized by few small neurons (arrowg}h few neuroglia (Fig. 11). The mesencephalon canal lined
supported by neuroglia (Fig. 7). The 3rd ventricle lined witlvith a single layer of cuboidal ependymal cells.
simple layer of cuboidal ependymal cells (Fig. 8).
Medulla oblongata The Medulla oblongatawas covered
Cerebellum The cerebellumcharacterized by many small by pia mater of loose connective tissue covered with simple
folds, each fold is supported at its centerdayebellar squamous epithelium, vascular supply extended beneath the
medullawhich was formed from several axons. This layepia mater (Fig. 12). The cell nuclei of thiedulla oblongata
was surrounded by granular layer of densely packed vemas formed from few multipolar neurons (Figs. 13 and 14),
small spherical neurons. An outer layer called moleculaupported by few neuroglia. The fourth ventricle was lined
layer surround the granular layer and formed of scatterbg pseudo stratified columnar ciliated ependymal cells (Fig.
small neurons. Between these two layers, there was a sintfg.
layer of Purkinje cells, which were characterized by a verv
large cell body (Fig. 9).
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> - wh : Fig. 9. Cerebellar fold is formed of medulla enclosed with narrow
* s granular layer (GL) of densely packed small spherical neurons. An

Fig. 7. The cerebral cortex is formed of several ill-defined Iaye&Uter molecular layer (ML) of scattered small neurons. A single

of neurons. Characterized by few small neurons (arrows) suppo
by neuroglia (arrowheads). H&E. x 100.

rLgXer of Purkinje cells (arrows) with a large cell body is found
etween these two layers. H&E. x100.
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Fig. 8. The 3rd ventricle lined with simple layer of cuboidal_. - o . . o )
ependymal cells (arrow). H&E. x100. Fig. 10. The optic nerve (0) is formed of myelinated nerve fibers

that merge into the optic lobe (OL). H&E. x32.
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Fig. 11. The optic lobe formed from medium sized neurons (arrowB)g. 14. The multipolar neurons of the medulla oblongata nuclei

with few neuroglia (arrowheads). H&E. x100. appeared few and scattered (arrows) the neuroglia were also few
RN - (arrowheads). The capillary was enclosed with perivascular space
(S). H&E. X400.

)

Fig. 15. The fourth ventricle is lined by pseudo stratified cblumnar
ciliated ependymal cells. H&E. x400

DISCUSSION

The cerebella of avian species are more developed
than of the crawling animals. There are complicated pleats
in the superficial gray matter of tloeerebellum which is
why it has a larger surface area. Tdegebellumexecutes
monitoring, regulating, and correcting by means of a
connection with the locomotor system of the brain stem and
cerebrum It receives extra organ information endlessly, at
all times, to determine the current condition of every part of
N RS " 1 ~ the body, such as location, speed of movement, and tension
e ! MR R T e ey z¢ - of the muscles (Ruan & Shou, 1985; Yang, 2002). The
Fig. 13. A cell nucleus of the medulla oblongata is formed frorﬁerebellurmf the African ostrich protrudes visibly upward

few multipolar neurons (arrows), supported by neurogli@nd its length is approximately 1.5 times larger than its
(arrowheads). H&E. X32. height. The posterior superior part of the cerebellar vermis
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almost forms an angle of 13and the number of transverseostrich is underdeveloped and there is only a very thin layer
sulci of the cerebellar vermis is much larger than that of tlué gray matter covering the dorsal and lateral surfaces of the
domestic fowls. It diverges into more sublobules, whicherebral hemisphere. It depends on the striatum for receiving
demonstrates that the cerebellar area of the ostrichnmssive sensory nerve fibers, and the striatum becomes the
accordingly larger and its physiological function is inevitablgenter of complicated instinctual activity and learning. The
more complicated. Some experiments show that injuring tléfactory bulbs of the African ostrich are very small. With
cerebellumwill severely impact the accuracy of voluntarythe underdeveloped olfaction, the olfactory stimulus has little
movement and cause dyskinesia, including the changeedfect on the brain. The underdeveloped brain may lead to
muscular tension, disequilibrium, hypomotility orthe low intelligence of ostrich. Carpolite accumulation in
involuntary movement, and so on (Ruan & Shou). Aftethe stomach is a common iliness among ostriches (Cong &
resecting theerebellum the muscles of the cervical areaCong, 1998). Ostriches have allotriophagy by nature, and
and legs cramp, and the head shakes and twitches irreguldidyly observation shows that both adult and young birds
(Sturkie, 1982). African ostriches come from wild desertalways peck a great quantity of carpolite and other things.
with harsh climates and sparse food. Their legs are 1327

mm long, muscular, and sturdy, so that ostriches can run Histologically the brain was composed of two major
very fast, with speeds of up to 80-90 km/h. The physiologicabmponents, the gray matter consists of largely of perkarya
functions and life habit of fast running are caused by th#f nervous, their dendrites, glia cells, blood vessels, and small
ostrich’s unique living environment. Legs that can kickhmount of nerve fibers that were may be myelinated (Bacha
backward and tread forward are also used as a weaporetal, 1990; Batalet al, 2012). The cerebral cortex consisted
defend against, and fight enemies. These complicatefisix layers molecular layer, external granular layer, external
physiological functions are closely related to theyramidal layer, internal pyramidal layer and multiform layer
characteristics of the ostrich’s cerebellar morphology. TH&okymaet al, 2004; Samuelson, 2007). The current study
nervous system is the most complicated and importadénoted that all these layers showed the presence of large
synthetic organ system of animals. Its general functions arember of pyramidal cell, satellites cell and blood vessels.
linked to the enhancement of its characteristic centralizatidine pyramidal cell is characterized by pale large nuclei with
that makes the nervous system form a central part aNtsals granules in cytoplasm, these findings were similar
peripheric part, the central part being more important. Theith (Yokymaet al; Samuelson; Batadt al). The cerebral
nervous system plays a leading role in controlling vitahedulla composed of dense bundles of nerve fiber and a
movements of the animal’s organism. It not only adjusts thaipolor glial cell (Reiner, 2005). The study showed that
dynamic balance of every organ system and makes tthe cerebellar cortex consists of three layers, external
organism adapt proactively to the surrounding environmemholecular layer, contains pyramidal cells and axon of
but it is also an information reservoir and the foundation fquurkinje cells. The purkinje layer situated between molecular
mental activities (Yang, 1985). The nervous system of thayer and internal granular layer and consists of multipolor
organism shows integrated unity in conformation angurkinje cells these results are similar with (Bunyaetin
function. The magnitude of brain weight or volume is aal., 2001; Batalet al). The granular layer showed presence
important yardstick for measuring the development level of the number of the granular cells which appear dense
animal brains and intellectual ability. The brain of the AfricafiSamuelson; Bataét al).
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RESUMEN: EIl objetivo fue describir las caracteristicas morfolégicas del cerebro de la avestruz africana. El cerebro se estudid
macroscopica y microscopicamente, y las mediciones de todas las partes del cerebro fueron registradas. El cerebro tavombaittain
con cerebelo grande triangular obtuso con una protuberancia dorsomedial sagital. El bulbo olfatorio era pequefio, coolfatiVolsito
desarrollar. El diencéfalo dio lugar a la glandula pineal, que es una estructura en forma de tubo invertida con un tiigogefosobparte
inferior. Un gran quiasma y tracto dptico demostraron ser continuos con los I6bulos épticos. El cerebelo estaba caractixizadoip
central que tenia numerosas fisuras transversales y dos pequefios floculos laterales en su superficie lateral. La mé&tulaagitonga
algunos casos una flexion pontina evidente, en otros ausencia de puentes o la aparicién de un cuerpo trapezoide. Lbsstelgienns
revelaron que la corteza cerebral esta formada de varias capas de neuronas mal definidas. El aspecto mas comun s& canas {geipdgias
neuronas soportadas por neuroglias. La corteza cerebelosa consisti6 en tres capas, molecular, de células de Purkimeyngsdasleélulas
de Purkinje se caracterizaron por un cuerpo celular grande. La medula oblongada estaba cubierta por pia madre de tejidaxopnecti
revestida por epitelio escamoso simple y un suministro vascular extenso bajo la piamadre. Los nucleos de las céluldsa dblanyeda se
formaron a partir pocas neuronas multipolares, soportados por algunas neuroglias. El cuarto ventriculo estaba reveslid@seudpit
estratificado de células ependimarias columnares ciliadas.

PALABRAS CLAVE: Cerebro; Morfologia; Avestruz.
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