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Abstract

Comparative anatomical studies
were made measuring several mor-
phological characteristics seen in
cross-sections of the optic nerve of
one-humped camel (Camelus dro-
medarius) and donkey (Equus asi-
nus). Six optic nerves from each
animal were used in this study. The
optic nerve samples were obtained
about 5mm behind the eye. The
axon numbers and diameters were
studied with light and transmission
electron microscopes. Axon diame-
ters were measured in samples of
500 axons taken from several loca-
tions in a cross section of the optic
nerve behind the eye. The total
cross-sectional area of the optic
nerve was about 35% smaller in the
donkey than in the camel. The fibers
are organized in fascicles. The fiber
density and number was 2.3 times
higher in the camel than in the don-
key. The total number of optic nerve
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fibers counted was 1173323
33039 in camels and 495754
10126 in donkeys. The majority of
axons were myelinated in the optic
nerve of both animals. There was a
significant regional variation in the
size of optic nerve axons. Large
myelinated axons were observed in
the dorsal and ventral periphery,
whereas smaller myelinated fibers
and a high proportion of unmyeli-
nated fibers were found in the cen-
ter of the nerve.
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Introduction

The optic nerve, which acts like a
cable, transmits electrical impulses
from the retina to the brain. The op-
tic nerve is a continuation of the
axons of the ganglion cells of the
retina. The anatomy and topography
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of the optic nerve have attracted the
attention of many investigators in
recent years. The total number and
sizes of the optic axons have been
studied intensively in cats (Donovan
1967; Boycott & Wassle, 1974;
Hughes & Wassle 1976; Freeman,
1978 and Stone & Campion, 1978),
dogs (Hogan & Williams, 1995),
rabbits (Hughes, 1971 and Vaney &
Hughes, 1976), monkeys (Sanchez
et al., 1986; Reese & Ho, 1988) and
humans (Mikelberg et al., 1989 and
Jonas et al., 1992). There are only a
few studies of the optic tract in In-
dian buffaloes, ponies, cows, sheep,
pigs and horses (Tewari & Rao,
1975; Herron et al., 1978; Guo, et
al.,, 2001). However, there is no
study on the optic nerve in camels
and donkeys. The study of the
number and size of optic axons is

important in under-standing the
functional aspects of the optic
nerve.

The objectives of the present study
were first, to provide an accurate
count of the total number of optic
nerve fibers by using light and
transmission electron microscopy
and second, to study the topo-
graphy and distribution of axon di-
ameters in the center and periphery
of a cross-section of the optic nerve.
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Materials and Methods

Six optic nerves from both adult
healthy one-humped camel (Came-
lus dromedarius) and donkey
(Equus asinus) were examined in
the present study (three rights and
three left). The specimens of camels
were obtained after slaughtering
from Benha slaughterhouse in
Egypt. While the donkey optic
nerves were obtained from the
anatomy room in the faculty of Vete-
rinary Medicine, Benha University.
The eyeballs and optic nerves were
immersed in 10% formaldehyde so-
lution with a phosphate buffer
(pH7.4). The orientation of the optic
nerve was determined before its
removal from the eyeball by putting
marks on the dorsal and lateral sur-
faces. The dural sheath was re-
moved and the optic nerves were
cut transversely into 1-2 mm thick
parts at different levels (6-20 mm)
posterior to the eyeball. Each optic
nerve cross-section was subdivided
into nine parts of roughly equal
area.

For light microscopy, the specimen
was dehydrated and embedded in
paraffin. Sections of 5-6 um in
thickness were obtained and
stained with haematoxylen and eo-
sin according to the methods given
by Bancroft et al., (1994).
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For electron microscopy, the optic
nerves were fixed in 2.5% gluteral-
dehyde solution with 0.1 mol/L
phosphate buffer (pH 7.4) for 24-48
h, postfixed in 2% osmic acid for 2
h, then dehydrated in ascending
grades of alcohol and immersed in
propylene oxide. Finally, they were
embedded in Epoxy resin. The
block was polymerized for 24 h at
70°C. Semithin sections (0.4 um)
were cut with glass knives on an
ultramicrotome and stained with
0.3% toluidine blue. To estimate the
total number of the optic fibers, the
sections were photographed at
magnification X200. About 10 pho-
tos were taken for each area. The
fibers were counted from the photos
with the aid of graticule (3.9x3.9
mm). The graticule marked an area
on the optic nerve of 0.05 x 0.05
mm? The nerve fibers within this
square and touching the left and
lower margins were counted. The
area of the cross-section of the optic
nerve was measured through the
computer by scanning the optic
nerve, then drawing the outline of
the optic nerve. The total area con-
taining axon bundles was measured
using area properties software of
image analysis (SemAfore soft-
ware). The total number of fibers
was estimated by proportionality.

Ultrathin sections (70 nm) were cut,
mounted on copper mesh grids (No.
200) and stained with saturated so-
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lution of uranyl acetate dihydrate.
The sections were examined with a
JEOL-100SX Electron Microscope.
Ninety micrographs were taken with
the aid of a mesh window. The elec-
tron micrographs were regularly
taken at magnifications of X2000
and X2500 and photographically
enlarged at X2. The final magni-
fications were X4000 and X5000.
The precise magnification was de-
termined with the aid of a calibration
grid. The diameters of myelinated
and unmyelinated axons were
measured from the micrographs us-
ing area properties software of im-
age analysis. The diameters of 500
axons were measured from the
whole cross-section area of the op-
tic nerve. These axons were classi-
fied into three groups according to
their size (Wiliams & Chalupa,
1983). The myelin sheath was not
included in the measurements. The
transmission electron microscopy
was made in Almaza Military Veteri-
nary Hospital.

Results

The optic nerve

The optic nerve of the camel and
donkey was circular in shape in the
cross-section and the mean dia-
meter of the cross-sectional area
was 25.2+0.84 for camels and about
18.4+0.79 mm? for donkeys.
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The optic fibers gathered together
into bundles or fascicles of different
sizes and shapes (Fig. I). These
bundles or fascicles were demar-
cated from each other by glial
processes, fibroblasts, collagen fi-
bers and blood vessels as seen by
the light microscope (Fig. | and 2).
The optic fibers of different diame-
ters appeared clearly under a high
magnification of the light micro-
scope (Fig. 3 and 4). Under the
electron microscope, the optic fibers
were mostly myelinated and a very
small number of unmyelinated nerve
fibers were observed (Fig. 5 and 6)
of both animals.

The total number of optic fibers

The total number of optic nerve fi-
bers counted was 1173323 + 33039
in camels and 495754 + 10126 in
donkeys (Table 1and 2). Although
there was little difference in the dis-
tribution of the fibers in the different
areas of the optic nerve, the density
of the fibers was slight higher dor-
sally than ventrally. The highest
density of optic fibers was in the
dorso-temporal area of the cross-
section of the optic nerve. While the
lowest density was in the ventro-
nasal areas, where the large axons
could be observed.

The axon diameters

The diameters of the optic axons
were measured in samples from
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nine regions of the optic nerve. Five
hundred axons from camels and
donkeys were measured to study
the axon diameter. Histograms of
the frequency of axon diameters in
the optic axons are shown in Fig (7
and 8). Axon diameter was the low-
est in the dorso-temporal (mean, 2.8
pm) part of the optic nerve and the
highest in the ventro-temporal
(mean, 4.7 pm) and ventro-nasal
parts of the optic nerve (average,
3.3 um).

As shown in Fig. (7 and 8) the over-
all diameters of the optic axons
ranged from 0.6 to 14.3 ym and the
peak diameters ranged from 2.0 to
3.5 um. Axons of small and medium
diameters were numerous in all
areas of the optic nerve. The large
optic axons were few in number and
were observed in the ventro-
temporal and ventro-nasal parts of
the optic nerve.

According to the present results, the
optic axons could be classified into
small axons between 0.5 and 2.5
pgm, intermediate sized axons be-
tween 2.5 and 7.0 ym and large
axons with a diameter > 7.0 ym
(7.0-12.3 pym).

The fiber diameters

The optic fiber is composed of the
optic axon and the myelin sheath.
Diameters of 500 fibers were also
measured in the camel and donkey
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optic nerves. The diameters of the
optic fibers ranged from 1.1 to 16.0
pm.

Discussion

The present work is a pioneer study
of the optic nerve of camels and
donkeys. The optic nerve of the
camel has a large cross-sectional
area (25.20 mm?), about 10 times
larger than the optic nerve in cats
(1.80 mm? Hughes & Wassle,
1976), rabbits (1.20 mm?, Vaney &
Hughes, 1976), tree shrews (1.90
mm?, Drenhaus et al., 1997) and
monkeys (5.94mm2, Sanchez et al.,
1986). The cross-sectional area of
the donkey optic nerve in the
present study is smaller than that of
camel but simulates that of the
horse (Guo et al., 2001).There is no
previous report about the area of
the optic nerve in large animals like
cattle. The large area of the optic
nerve of camels might be due to the
large number and size of optic fi-
bers that come from the ganglion
cells of the retina and form the optic
nerve.

The present estimates of the optic
fibers of camels by light and elec-
tron microscopes were 1173323.
These were higher than in humans
(969 000, Potts et al., 1972; 1 200
000, Mikelberg et al., 1989); cats
(120 000, Bishop et al., 1953; 194
000, Hughes & Wassle, 1976; 128
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000, Stone & Campion, 1978); dogs
(148 303, Brooks et al., 1995); rab-
bits (394 000, Vaney & Hughes,
1976) and rats (118 000, Forrester
& Peters, 1967). However, this
number is less than that in rhesus
monkeys (1 700 000, Potts, et al.,
1972) and pigeons (2 379 000.
Binggeli & Paul, 1969). There was
previously estimated the total num-
ber of ganglion cells on the whole
mount retina of the camel to be
around one million (Harman et al.,
2001). So the number of optic fi-
bers counted in this study in the
camel corresponds to the total
number of ganglion cells in the reti-
na of camels (Harman et al., 2001).

The total number of optic fibers may
differ according to the technique
used (Sanchez et al., 1986). To
provide an accurate count of the
number of the fibers and to avoid
any discrepancy, we used light and
electron microscopes to count the
number of optic fibers and the spe-
cimens were taken from different
levels behind the optic disc. Fewer
optic fibers were counted by light
microscope than by electron micro-
scope. This discrepancy in the
number of optic fibers between light
and electron micro-scopes was due
to difficulty counting the small mye-
linated and unmyelinated nerve fi-
bers by the light microscope. Thus,
the number of optic fibers counted
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by electron microscope should be
more accurate.

Most of the optic fibers observed in
this study were myelinated, similar
to the reports in rabbits (Vaney &
Hughes, 1976), cats (Friede, et al.
1971 and Wiliams & Chalupa,
1983) and primates (Potts et al.
1972; Reese & Ho, 1988). On the
other hand, Dunlop et al. (1994) ob-
served that 26-43% of the optic
axons in the honey possum are un-
myelinated.

The size of axons in the optic nerve
of camels and donkeys, 0.5-12.3
pMm, is nearly similar to that reported
in cats (0.5-13.5 pm, Hughes &
Wassle, 1976) and larger than that
recorded in primates (0.25-2.50 ym,
Potts et al., 1972) and rabbits
(0.25-7.00 pm, Vaney & Hughes,
1976). Our finding of large optic
axons in the ventro-nasal and ven-
tro-temporal parts of the optic nerve
is consistent with previous finding of
large ganglion cells in the ventral
part of the retina in horses (Hebel,
1976 and Guo et al., 2001), in goat
(Hughes and Whittereridge, 1973
and in cat (Fukuda et al., 1985).
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Fig (1): Photomicrograph of cross section of the camel optic nerve as seen with light
microscope stained with H& E stain. f: fiber bundles or fascicles X400.

Fig (2): Photomicrograph of cross section of the donkey optic nerve as seen with light
microscope stained with H&E stain. f: fiber bundles or fascicles X400.

Fig (3): Light photomicrograph of semithin section (0.5 um) of the camel optic nerve
stained with 0.3 % toluidine blue. The fibers gathered together into bundles or fascicles
separated by glial processes (g). X600

Fig (4): Light photomicrograph of semithin section (0.5 um) of the donkey optic nerve
stained with 0.3 % toluidine blue. The fibers gathered together into bundles or fascicles
separated by glial processes (g). X600
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Fig (5): Electron micrograph of an ultrathin section (70 nm) of the camel optic nerve
stained with saturated solution of uranyl acetate dehydrate. X2000.

Fig (6): Electron micrograph of an ultrathin section (70 nm) of the donkey optic nerve
stained with saturated solution of uranyl acetate dehydrate. X2000.

Fig (7): Histogram showing the axon diameter distribution in the camel optic nerve.

Fig. 8. Histogram showing the axon diameter distribution in the donkey optic nerve.
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Table 1 quantitative data of the optic nerve in the camel (Camelus dromedaries):-

Specimen | Total Number of | The sam- Estimated Number of | Total optic
cross- sampling pling area total area fibers nerve fibers
section area (mm?) (mm?) counted
area (mm?)

Right 243 100 0.0025 0.32 23330 1145720

Right 25.7 120 0.0025 0.37 26510 1200340

Right 249 115 0.0025 0.36 22700 1127500

Left 23.9 150 0.0025 0.30 24100 1170430

Left 26.1 130 0.0025 0.40 23520 1215900

Left 254 100 0.0025 0.39 22640 1180050

Table 2 quantitative data of the optic nerve in the donkey (Equus asinus):-

Specimen Total Number of | The sam- Estimated Number of | Total optic
cross- sampling pling area total area fibers nerve fi-
section area (mm?) (mm?) counted bers
area (mm?)

Right 18.60 90 0.0025 0.29 19154 490510

Right 20.11 110 0.0025 0.30 20222 500250

Right 19.92 100 0.0025 0.31 21100 495280

Left 18.87 130 0.0025 0.33 19872 510590

Left 21.15 140 0.0025 0.39 21006 480230

Left 18.85 95 0.0025 0.32 19225 497665
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