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With 4 figures

Abstract

Administration of lithium, antide-
pressant and psychiatric medica-
tion, is always prolonged. This study
was aimed to detect the adverse
effects of long term administration of
lithium on cerebral and cerebellar
cortices in rats in addition to assess
the possible protective effect of cur-
cumin using histological and im-
munohistochemical methods. Rats
were divided into 3 groups (10 for
each); group | (control) given dis-
tilled water and DMSO orally, group
Il received lithium carbonate dis-
solved in distilled water (150 mg/ kg
b. wt. / day / intragastric), and group
Il received curcumin dissolved in
50% DMSO (200 mg/ kg b. wt. /
day/ intragastric) 1 hr before lithium
carbonate administration for 6
weeks. We examined the cerebrum
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and cerebellum of rats for glial reac-
tions and cell proliferation by using
immunolabelling for glial fibrillary
acidic protein (GFAP) and Ki67, re-
spectively. In lithium treated group,
both cerebral and cerebellar corti-
ces showed an increased number of
positive glial cells for GFAP that
was decreased in curcumin treated
group. For ki67, cerebral and cere-
bellar cortices of both lithium and
curcumin treated groups showed an
increased number of ki67 immuno-
positive cells. This study advises to
administrate curcumin in concomi-
tant with lithium therapy as it can
protect against lithium neurotoxicity.

Introduction
Depression is a very common and

worldwide disease (Aakhus et al.,
2012). Although the efficacy of anti-
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depressant drugs and decades of
use, their side effects and how
toavoid them is still under continu-
ous investigations.

Lithium is a potent mood stabilizer
(Zanni et al., 2017) therefore; it is
one of the most widely used antide-
pressant and psychiatric medication
(Sharma and Igbal, 2005). In addi-
tion, it has an anti-suicide (Cerquei-
ra et al.,, 2008) and anticonvulsant
effects (Ahmed, 2013). Since the
therapy is usually prolonged, it is
unlikely to be without complications
or side effects on the brain (Csutora
et al.,, 2005) and other organs like
kidney and heart (Sharma and Ig-
bal, 2005; Shah et al., 2015).
Medicines derived from plants play
a pivotal role in the health care of
many cultures. Curcumin is a yellow
to gold colored spice that has been
derived from the root turmeric plant
Curcuma longa (Nabiuni et al.,
2011).  Curcumin is commonly
known as antioxidant and anti-
infammatory (Aggarwal et al,
2007). Also, Curcumin has been
described as a neuroprotective
agent (Nabiuni et al., 2011) as well
as its administration significantly
control brain injury (Thiyagarajan
and Sharma, 2004).

Since neurotoxicity has been as-
sessed depending on classical his-
tological observations (Gross and
Kramer, 2003), the current study
aimed to assess the possible pro-
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tective effect of curcumin against
lithium induced cerebral and cere-
bellar toxicity in adult rat using histo-
logical and immunohistochemical
methods. Glial fibrillary acidic pro-
tein (GFAP), an intermediate fila-
ment protein of astrocyte, has been
serving as a neurotoxicity biomarker
(O’Callaghan and Sriram, 2005).
The presence of ki-67 protein during
all active phases of the cell cycle
(G1, S, G2, and mitosis) makes it an
excellent marker for cell proliferation
(Scholzen and Gerdes, 2000).

Materials and Methods
Animals
Thirty adult male Albino rats (200-
220 g body weight) were purchased
from lab animal house, Faculty of
Veterinary Medicine, Benha Univer-
sity, Egypt to be used for this study.
The rats were kept for 10 days be-
fore the experiment under good hy-
gienic condition at room tempera-
ture, and were fed standard diet and
watered ad libitum.
Chemicals

e Lithium carbonate
Tablets of Prianil CR (Nile Company
for Pharmaceuticals and Chemical
industries, Cairo, Egypt) were used
as a source of lithium. Each tablet
contains 400 mg of lithium car-
bonate.

e Curcumin
Curcumin powder was purchased
from Sigma, Cairo, Egypt.

Vol. 11, No. 1, (2018) 1 - 13
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Experimental design

The experiment followed the guide-
lines of Ethical Committee of Benha
University. The rats were divided
into 3 groups, each of 10 rats as
follow:

Group | (control group): Rats were
given the same amount of vehicle
(distilled water and DMSO) orally for
6 weeks.

Group lI: Rats received toxic dose
of lithium carbonate dissolved in dis-
tilled water (150 mg/kg b.wt./ day/
intragastric according to Vijaimohan
et al., 2010) for 6 weeks.

Group lll: Rats in this group re-
ceived curcumin dissolved in 50%
DMSO (200 mg/kg b.wt/ day/ intra-
gastric) according to Ahmed (2013)
1 hr before the administration of the
same dose of lithium carbonate as
group Il daily for 6 weeks.

Tissue collection and processing:
Twenty-four hrs. after the last dose,
all rats were anaesthetized with
ether inhalation and decapitated.
Skull of each rat was opened and
the brain was removed carefully.
Mid sagittal section of the brain was
obtained then immersed in 10%
neutral buffered formalin for 48 hrs.
Routine histological work was done
to obtain paraffin blocks.

Histological examination

Five uym thickness paraffin sections
were collected, deparaffinized and
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rehydrated using the standard tech-
niques according to Bancroft and
Gamble (2007). Paraffin sections
were stained with hematoxylin and
eosin (H&E) for general structure
and assessment of histological
changes.

Immunohistochemical examina-
tion

Paraffin sections were collected into
positive slides and processed for
immunohistochemical examination
using an avidin biotin peroxidase
method according to Kiernan
(2008). Deparaffinization and hydra-
tion were done before antigen re-
trieval which was performed by
heating the slides in citrate buffer
(pH 6.0) for 10 min in a steamer. To
block endogenous peroxidase ac-
tivity, slides were dipped in absolute
methanol containing 3% (v/v) hy-
drogen peroxide for 10 min at RT.
Sections were then incubated over-
night at 4°C with monoclonal mouse
anti-ki67 (clone MM1, Novocastra
Laboratories Ltd, UK) at 1:100 dilu-
tion and monoclonal anti- GFAP
(AMO020-5M Bio-genex) at 1:5000
dilution. Next, sections were ex-
posed to biotinylated secondary an-
tibody (Dako, USA) diluted 1:200 for
30 min at room temperature. Visual-
ization was done using commercial
peroxidase streptavidin complex
(ABC; Dako, USA) for 30 min then
3,3 -diaminobenzidine  tetrahydro-
choloride (DAB; Dako, USA) for 2
min at room temperature. Finally,
the sections were counterstained
with hematoxylin. Negative control
sections were incubated with normal
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goat or rabbit serum instead of the
primary antibodies (Dako, USA).

Results

Group | (control group)

In H&E stained sections, normal his-
tological appearance of both cere-
brum and cerebellum was identified
(Figs. 1A, 2A). Cerebral cortex of
control group showed a clear pia
mater, followed by a molecular layer
then different pyramidal cell layers
(Fig. 1A). The latter consist of nerve
cells of various sizes and shapes
and with vesicular nuclei (Fig. 1D).
Cerebellar cortex was formed of
outer molecular, Purkinje cell layer
and inner granular layers (Fig. 2A).
The molecular layer is formed of
scattered cells and nerve fibers. The
Purkinje cell layer was the middle
layer and consisted of large pyriform
cells with clear vesicular nuclei ar-
ranged in one row along the upper
margin of the granular layer. The
granular layer was the inner most
layer of the cerebellar cortex and
composed of tightly packed small
rounded cells with deeply stained
nuclei (Fig. 2D).
Immunohistochemical staining of
cerebral cortex for GFAP showed
positive immunostaining in star
shaped glial cells and their process-
es (Fig. 3A). Also, glial cells in mo-
lecular and granular layers of cere-
bellum  showed positive im-
munostaining for GFAP (Fig. 3D).
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For ki67 immunostaining, some
cells in cerebral cortex showed nu-
clear immunostaining for ki67 (Fig.
4A) in addition to, cerebellar cortex
showed positive nuclear immune-
staining in some cells of granular
layer close to the molecular layer
while Purkinje cells were not immu-
noreactive (Fig. 4D).

Group Il (lithium treated group)
Congestion and haemorrhage were
observed in the blood vessels of the
cerebral meninges (Fig. 1B).
Marked degeneration of neurons
with pyknotic nuclei, vacuolar spac-
es around the pyramidal cells and a
pronounced interstitial edema were
commonly detected (Fig. 1E). Also,
haemorrhage in the blood vessels of
the cerebellar meninges could be
seen (Fig. 2B). Purkinje cells ap-
peared either degenerated with
shrinkage of their cytoplasm and
pyknotic or vacuolated nuclei (Fig.
2E).

There were an increased number of
the positive GFAP immunostaining
glial cells in cerebral cortex (Fig. 3
B) cerebellum (Fig. 3 E) and that
appeared star shaped cells with in-
creased branches of their cytoplas-
mic processes. The molecular layer
of cerebellum showed an increased
GFAP immunostaining in the Berg-
mann glia (modified astrocytes)
which appeared perpendicular to
the pial surface and parallel to each

Vol. 11, No. 1, (2018) 1 - 13
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other (Fig. 3 E). For ki67 Immuno-
staining, cerebral cortex showed
more positive cells and intense
staining with mitotic figures (Fig.
4B). Also, cerebellar cortex revealed
stronger immunostaining and more
positive cells (Fig. 4E) in compari-
son to control.

Group lll (protective group)

The cerebral cortex of the treated
group showed an improvement in
their histological structure with slight
congestion of blood vessels (Fig.
1C). Although slight edema and
vacuolation were still present (Fig.
1F). Cerebellum of this group
showed slight congestion of menin-
geal blood vessels and medullary
capillary (Fig. 2C). Most of Purkinje
cell layer appeared same as normal
cells (Fig. 2F).

Immunohistochemical staining of
cerebral (Fig. 3C) and cerebellar
(Fig. 3F) cortices showed fewer
GFAP positive cells with their pro-
cesses nearly similar to the control
group, especially those in the granu-
lar layer. For ki67, both cerebral and
cerebellar cortices showed nearly
the same feature of lithium treated
group where more ki67 positive
cells were seen (Figs. 4C and 4F,
respectively) in comparison to con-
trol.

Discussion
The current work revealed normal
histological structure of the cerebral
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and cerebellar cortices of the control
rats as that stated by Mescher
(2015). Histological observations of
the cerebral cortex of lithium treated
rats showed degenerated neurons
with vacuolation indicating brain
damage as reported by Young
(2009) after prolonged lithium intox-
ication. Also, the cerebellar cortex of
lithium treated rats showed distorted
and degenerated Purkinje cells and
vacuolation, in some areas indicat-
ing cell loss. This finding was in
agreement with Cerqueira et al.,
(2008) and Bashandy (2013). Addi-
tionally, the observed haemorrhage
of meningeal blood vessels was
similar to Loghin et al., (1999) how-
ever Bashandy (2013) reported
congestion of blood vessels.

Astrocytes, star-shaped glial cells in
the central nervous system, have a
major role in supporting neurons,
scar formation and maintenance of
the blood brain barrier (Mescher,
2015). Our immunohistochemical
findings revealed positive GFAP
immunostaining in the cytoplasm
and processes of the astrocytes in
the cerebrum and cerebellum of
control rats that was in agreement
with Bashandy (2013). In lithium
treated group, an increase in num-
ber of strongly GFAP immune-
stained glial cells (gliosis) and their
processes was similar to that de-
scribed by Halliday et al. (1996) and
Bashandy (2013). The increased
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number of glial cells may be a com-
pensatory response to brain injury
and neuronal degeneration caused
by lithium. Ibrahim et al. (2015) de-
marcated that lithium induced no-
ticeable degeneration of neurons
and demylination of nerve fibers in
cerebrum.

The increased GFAP staining in
Bergmann glia of the cerebellar mo-
lecular layer was similar to the find-
ing of Wagemann et al. (1995). The
strong GFAP immunostaining with
increased cell processes in the as-
trocytes of granular layer was simi-
lar to Hashish (2014).

For ki67, the cells of both cerebral
and cerebellar cortices of control
group showed immunoreactivity.
These cells increased in number
and immunostaining intensity in lith-
ium treated group. This finding was
in agreement with Zanni et al.
(2017), who owed this finding to the
positive effects of lithium on neuro-
genesis; generation and integration
of new neurons.

Histological examination of the cur-
cumin protected group showed
structural improvement of the cere-
bral and cerebellar cortices in com-
parison to lithium treated group,
suggesting the  neuroprotective
property of curcumin (Nabiuni et al.,
2011; Nasir and Jaffat, 2016). Im-
munohistochemical finding of the
curcumin protected group showed
decreased GFAP immune-staining
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compared to lithium treated group.
This finding was in harmony with
Parastoo et al. (2015), who detected
significant decrease of GFAP in
curcumin group following acute spi-
nal cord injury, suggesting that cur-
cumin can limit gilosis. On the other
hand for ki67, curcumin protected
group showed nearly the same fea-
ture of lithtium treated group where
more Ki67 positive cells were de-
tected. This indicates that curcumin
has stimulating effect on neurogen-
esis, likewise lithium (Xua et al.,
2007; Attari et al., 2016).

Conclusion

The overdose and/or chronic thera-
py with lithium has neurotoxic effect
on the cerebrum and cerebellum
characterized by sever alteration in
brain ultrastructure. This study ad-
vises to use curcumin co-treatment
with lithium therapy due to its ame-
liorating properties against drug
neurotoxicity.
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Fig (1): Photomicrograph of cerebral cortices of control (A, D), lithium treated (B, E) and
curcumin treated (C, F) rats. A: Normal histological structure of cerebral cortex. P, pia
mater; M, molecular layer;], pyramidal cells layers. B: Showing congestion (C) and
haemorrhage (H) in the blood vessels of the meninges. C: Showing slight congestion of
blood vessels (arrow). D: Showing different sizes and shapes of pyramidal cells with
vesicular nuclei. E: Showing degenerated neurons with pyknotic nuclei (arrow), vacuolar
spaces around the pyramidal cells (head arrow), and a pronounced interstitial oedema
(O). F: Showing slight edema and vacuolation (arrow). Scale bars (A-C) = 200 ym and
(D-F) =50 pm.
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Fig.2
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Fig (2): Photomicrograph of cerebellar cortices of control (A, D), lithium treated (B, E)
and curcumin treated (C, F) rats. A: Normal histological structure of cerebellar cortex. M,
molecular layer; P, Purkinje cells; G, granular layer. B: Showing haemorrhage at the
cerebellar meninges (H). C: Showing slight congestion (C) of meningeal blood vessels
with slightly congested medullary capillary (arrow). D: Higher magnification of A. M, mo-
lecular layer; P, Purkinje cells; G, granular layer. E: Showing Purkinje cells appeared
either degenerated with shrinkage of their cytoplasm and pyknotic nuclei (arrow) or vac-
uolated indicating cell loss (head arrow). F: Showing normality of most of Purkinje cell
layer (arrow). Scale bars (A-C) = 200 ym and (D-F) = 50 ym.

J. Vet. Anat. 11 Vol. 11, No. 1, (2018) 1 - 13



Curcumin protects against Lithium administration Emam and El-Shafey

Fig.3
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Fig (3): Photomicrograph of GFAP immunostainings in cerebral and cerebellar cortices
of control (A, D), lithium treated (B, E) and curcumin treated (C, F) rats. A: Cerebral cor-
tex showing positive immunostaining in star shaped glial cells and their processes (ar-
rows). B: Cerebral cortex showed increased number of the positive glial cells with in-
creased branches of their cytoplasmic processes (arrows). C: Cerebral cortex showed
fewer positive cells. D: Cerebellar cortex showing positive immunostaining in glial cells
(arrows) of molecular (M) and granular layers (G). E: Cerebellar cortex showed strong
and increased immunopositive Bergmann glia of the molecular layer (M) and star
shaped glial cells and their processes of the granular layer (G) than D. F: Cerebellar
cortex showing fewer positive glial cells especially those in granular layer (G) than E.
Scale bars = 50 um.
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Fig.4
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Fig (4): Photomicrograph of ki67 immunostainings in cerebral and cerebellar cortices of
control (A, D), lithium treated (B, E) and curcumin treated (C, F) rats. A: Cerebral cortex
showed some positive cells (arrows). B: Cerebral cortex showed more positive cells and
increased staining intensity with mitotic figures (arrows). C: Cerebral cortex showed
nearly the same feature of B. D: Cerebellar cortex showed some positive cells (arrows)
of granular layer (G) close to the molecular layer (M). E: Cerebellar cortex showed
strong immunostaining and more positive cells (arrows). F: Cerebellar cortex showed
nearly the same feature of E. Scale bars = 50 ym.
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Rat ( Rattus rau)
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Kingdom: Animalia & Phylum: Chordat & Class: Mammalia & Order: Rodentia &
Superfamily: Muroidea & Family: Muridae & Subfamily: Murinae & Genus: Rattus &
Species: 50 species

Rats are various medium-sized, long-tailed rodents of the superfamily Muroidea. "True
rats" are members of the genus Rattus, the most important of which to humans are the
black rat, Rattus rattus, and the brown rat, Rattus norvegicus. Many members of
other rodent genera and families are also called rats and share many characteristics
with true rats.

Rats are typically distinguished from mice by their size; rats are generally large muroid
rodents, while mice are generally small muroid rodents. The muroid family is very large
and complex, and the common terms rat and mouse are not taxonomically specific.
Generally, when someone discovers a large muroid, its common name includes the
term rat, while if it is small, the name includes the term mouse - scientifically, the terms
are not confined to members of the Rattus and Mus genera.

The best-known rat species are the Black Rat (Rattus rattus) and the Brown Rat (Rattus
norvegicus). The group is generally known as the Old World rats or true rats, and
originated in Asia. Rats are bigger than most Old World mice, which are their relatives,
but seldom weigh over 500 grams (1 Ib) in the wild.

The term "rat" is also used in the names of other small mammals which are not true rats.
Examples include the North American pack rats, a number of species loosely called
kangaroo rats, and others. Rats such as the Bandicoot rat (Bandicota bengalensis) are
murine rodents related to true rats, but are not members of the genus Rattus. Male rats
are called bucks, unmated females are called does, pregnant or parent females are
called dams, and infants are called kittens or pups. A group of rats is either referred to
as a pack or a mischief.
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Abstract

Thirty New Zealand rabbits of vari-
ous ages were used for this investi-
gation. DMRT1 and STRA8 genes
expression was recorded by RT
PCR, completed by histological sec-
tions of testes in studied ages.
DMRT1 and STRAS8 genes have dis-
tinct roles during spermatogenesis in
mammals. The present study hy-
pothesized that the change in the
level of specific genes expression
during spermatogenesis could be re-
lated to the change in the comple-
ment of germ cell types. Distinct ex-
pression patterns were observed for
DMRT1 reached the maximum level
(peak or plateau) just before sper-
matogenesis process at age of 6.5
week and testicular STRA8 reached
the maximum level at 6 months. The
two genes expression patterns are
consistent with their specific roles
during spermatogenesis. The pur-
pose of the present study was to de-
termine the expression of DMRT1
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and STRAS8 genes throughout post-
natal New Zealand rabbit testis that
would serve as a reference for ex-
pression pattern of the studied
genes.

Keywords: expression, testes,
DMRT1, STRAS, postnatal, spermat-
ogenesis, rabbit.

Introduction

The rabbit is an excellent model
used in a variety of biomedical
research fields including neu-
roscience, oncology, embry-
onic development, cardiovascu-
lar studies, dermatology, and
reproduction (Ewuola & Equni-
ke, 2010; Asano et al., 2011
and Guo et al.,, 2012). Rabbit is
an attractive species for making
gonad studies due to easily iden-
tification of the morphological
changes of the seminiferous
epithelium cycle (Ewuola and
Equnike, 2010). The period of
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pre-spermatogenesis ex-
ceeds that of other laboratory
animals such as rat. This par-
ticular characteristic ma-kes
the development of rabbit
closer to that of human (Wu et
al., 2003; Vigueras et al., 2006
and Culty, 2009).
Spermatogenesis is a complexly reg-
ulated process and any genetic dis-
turbance in it leads to male infertility.
The adult mammalian testis is
among the body’s most proliferative
tissues, producing millions of highly
specialized gametes, or spermato-
zoa each day. Spermatogenesis is
carefully regulated, ensuring that
spermatozoa are produced at a con-
stant rate (Endo et al., 2015).

Double-sex and mab-3-related tran-
scription factor1 (DMRT1) acts as
the ‘gatekeeper’ that prevents un-
controlled entry of spermatogonia to
meiosis (Don et al., 2011). DMRT1 is
required for spermatogenesis as it is
critical to maintain the balance be-
tween mitotic and meiotic germ cells.
In addition, it has a prominent role in
testicular differentiation in all verte-
brates (Zarkower, 2012). DMRT1 is
essential in spermatogonia to restrict
retinoic acid responsiveness and di-
rectly repress STRAS8 transcription,
thereby preventing meiosis and pro-
moting spermatogonial development
by coordinating spermatogonial de-
velopment and mitotic amplification
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with meiosis, as a result, DMRT1 al-
lows abundant and continuous pro-
duction of sperms (Matson et al.,
2010). In mice, DMRT1 is expressed
in all mitotic spermatogonia, but the
expression decreases with the onset
of spermatogonial differentiation and
disappears at the initiation of meiosis
(Matson et al., 2010). Moreover, Don
et al. (2011) stated that DMRT1 is
highly expressed in undifferentiated
spermatogonia, less abundantly ex-
pressed differentiating spermatogo-
nia, and absent from preleptotene
spermatocytes or other meiotic or
postmeiotic cells.

Stimulated by retinoic acid gene 8
(STRA8) protein plays roles for the
progression of meiosis (Choi et al.,
2010). Additionally, the gene STRA8
is essential for meiotic initiation, also
promotes (but is not required for)
spermatogonial differentiation (Endo
etal., 2015). In mice, STRA8 expres-
sion begins immediately before sper-
matogonial differentiation as well as
STRAS8 expression begins in late un-
differentiated spermatogonia and
persists in differentiating spermato-
gonia (Endo et al., 2015). Addition-
ally, STRAS8 expression is increased
in preleptotene spermatocytes (premei-
otic cells) as well as in undifferentiated
spermatogonia (Zhou et al., 2008
and Mark et al.,, 2015). Because
STRA8 promotes spermatogonial
differentiation and is required for
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meiotic initiation, precisely timed in-
creases in STRA8 expression might
coordinate both transitions, ensuring
their co-occurrence in stages of
spermatogonial differentiation and
meiotic initiation (Endo et al., 2015).
To the best of our knowledge, this is
the initial reference to analyze the
expression pattern of rabbit DMRT1
and STRAS8 genes during cellular de-
velopment, using spermatogenesis
as a model system.

Materials and Methods

Animals

The current study was carried out on
30 male New Zealand rabbits of var-
ious ages (0 dpp, 2w, 4w, 6w, 6.5w,
7w, 7.5w, 3m ,4m & 6m), three ani-
mals for each age were used to ob-
tain their testes.

Histology

The animals were slaughtered ac-
cording to guidelines of animal care
committee of Faculty of Veterinary
Medicine, Benha University. Testes
were obtained from rabbits, fixed in
Bouin's solution then dehydrated in
graded ethanol. Tissues were then
infiltrated and embedded in paraffin.
Five micron sections were mounted
onto gelatin-coated slides and
stained with Haematoxylin & Eosin
for general histological structures
and periodic acid Schiff (PAS) for
mucopolysaccharide using standard
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methods (Drury and Walington,
1980).

Quantitative RT-PCR

Rabbit testicular tissues were ob-
tained and total RNA was extracted
using total RNA Purification Kit fol-
lowing the manufacturer protocol (iN-
tRON Biotechnology, easy-REDTM
Total RNA Extraction Kit). cDNA was
synthesized from 5 ug of total RNA
using M-MuLV Reverse Transcrip-
tase enzyme following the manufac-
turer protocol (Thermo Scientific,
Fermentas, # EP0451). Quantitative
PCR was performed using 2X Max-
ima SYBR Green/ ROX qgPCR Mas-
ter Mix following the manufacturer
protocol (Thermo scientific, USA, #
K0221). The results were analyzed
by the delta-delta CT method using
H2AFx gene as an internal refer-
ence. Results were plotted as per-
centage of maximum expression+/-
SE.

RT-PCR primer sequences were as
following:

Gene

Reverse
primer
(/5 ------ /13)

Forward primer
(/5 -—--- 13)

DMRT1

STRAS8

H2AFx

GGAGCCTCCCAGCACCTTAC TGCATCCT
GTACTGC
GAACTCA
TGATCTG-
CAC-
GTAGAGC
TGAAAC
CGCCCAG-
CAGCTT-
GTTGAG

GACAACAATGAGGCTCCAAATG

ACCTGACGGCCGAGATCCT

17
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Results

Histological observations:
Histological analysis of (Odpp-
4weeks) old rabbit testes revealed
that the testicular cords contained
two types of cell populations, a large
number of dark polygonal cells with
irregular nuclei, Sertoli cells, and a
small number of large, light, round
cells with relatively round nuclei, pre-
spermatogonia or undifferentiated
spermatogonia (Figs.1 A, B & C). To-
ward the end of the period of pre-
spermatogenesis (6 - 6.5weeks),
germ cells appeared large with pale
cytoplasm and large vesicular nuclei
with clear nucleoli, late undifferenti-
ated spermatogonia (Figs.1D, E).

At 7-7.5weeks old rabbit testis, sper-
matogenesis began at which the late
undifferentiated spermatogonia un-
derwent maturation and transformed
to spermatogonia. The latter were
spherical or ovoid with clear cyto-
plasm and large round nuclei with
condensed chromatin island periph-
erally seated and their nuclei were
eccentric or central and vesicular
(Fig.1F,2B).

Histological examination of 3
months-old rabbit testis revealed the
appearance of primary spermato-
cytes in some seminiferous tubules
(Fig.2B). Spermatids were first seen
at 4-months- old rabbit testis that re-
acted positively to PAS stain
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(Fig.2C). All stages of spermatogen-
esis were evident at 6-months old
rabbit and spermatozoa appeared in
the tubular lumen at this stage
(Fig.2D).

Analysis of Gene expression:

The data obtained from RT- PCR re-
vealed a significant (P<0.05) gradual
increase in the expression level of
the DMRT1 gene in testis of rabbit
from the day of the birth (Odpp) till
reach the maximum level (peak or
plateau) at age of 6.5W (Fig. 3). Fol-
lowing 6.5W, the expression de-
clined gradually till reached the age
of 3M. After that, the expression be-
came very low but still present. The
highest significant up-regulation was
at age of 6.5W, while the lowest
down-regulation was seen at age
6M.

The data obtained from RT- PCR re-
vealed a significant (P<0.05) gradual
increase in the expression level of
the STRA8 gene in testis of rabbit
from the day of birth (0OD) till reached
the maximum level (peak or plateau)
at age of 6M (Fig. 4). Unlike DMRT1
gene, the highest significant up-reg-
ulation in STRA8 gene was noticed
at age from 3M to 6M, while the low-
est down-regulation was seen at age
from Odpp to 6W.

Discussion
Previous studies showed strong cor-
relation between the two genes
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(DMRT1, STRAS8) and spermatogen-
esis (Kim et al., 2007; Mark et al.,
2008; Choi et al., 2010; Maston et al.,
2010; Don et al., 2011 and Endo et
al., 2015).

The current investigation showed the
expression analysis at histo-logical
level as gene expression was
associated with precise stages of the
seminiferous epithelium cycle. To
begin our survey of DMRT1 and
STRA8 expression in rabbit testis,
we used RT-PCR to investigate the
level of MRNA production for the two
genes in total testis samples from
rabbit at various ages (0 dpp, 2w, 4w,
6w, 6.5w, 7w, 7.5w, 3m, 4m & 6m).

The present work analyzed DMRT1
expression level which was gradually
increased immediately after birth
(Oday) to (4w) which might be due
to gradual increase in mitosis, which
suggested that DMRT1 may play
role in mitotic process. This was in
accordance with Kim et al. (2007).
The present study indicated that the
period of pre-spermatogenesis was
mitotically active. This was in agree-
ment with that mentioned by lczkow-
ski et al. (1991). Contrastingly, Gon-
dos et al. (1973) stated that, the pe-
riod of pre-spermatogenesis was a
quiescent period during which germ
cell mitosis ceases followed by a
second postnatally mitotic stage just
before the onset of spermatogene-
sis. However, in rat, cessation of mi-
tosis occurred between day 18 and
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day 19 in the fetus, and division did
not resume until one week later, 4
days after birth, before spermato-
genesis (Huckins and Clermont,
1968).

According to Gondos et al. (1973)
and Iczkowski et al. (1991) who no-
ticed increasing of mitosis just before
the onset of spermatogenesis pro-
cess, the current study revealed that
the expression of DMRT1 was dra-
matically increased at 6w and
reached peak at 6.5w which sug-
gested that this increase might be
due to sharp increase of mitosis just
before the onset of spermatogenesis
process. Noticeable, the increase of
gene expression coincides with the
appearance of late undifferentiated
spermatogonia in seminiferous cord.
This proves that DMRT1 was re-
quired to allow mitotic amplification
before spermatogenesis and there-
fore, providing large numbers of
spermatogonia that enter meiosis al-
lowing abundant, continuous produc-
tion of sperms. This coincides with
that mentioned by Maston et al.
(2010) and Don et al. (2011). The re-
sults presented here establish
DMRT1 as a key regulator of the mi-
tosis.

It is worth to mentioning that, sper-
matogenesis begins in New Zealand
rabbits at 7-8week and when we in-
vestigated the level of mRNA pro-
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duction for DMRT1 gene at this pe-
riod; the expression of the gene was
decreased. This proves that by onset
of spermatogenesis, the expression
of DMRT1 was decreased. As men-
tioned before, the expression de-
creased with the onset of spermato-
gonial differentiation (Matson et al.,
2010). Dissimilar situation has been
reported in the rainbow trout
(Marchand et al., 2000), where
DMRT1 expression was found to be
highly expressed throughout sper-
matogenesis. Notably, at the level of
histological analysis, the present
study found that the late undifferenti-
ated spermatogonia underwent mat-
uration and transformed to spermat-
ogonia at 7-8weeks postnatally. On
the other hand, examination of ex-
pression of DMRT1 revealed de-
crease in expression at that stage.
This result can be interpreted by that
DMRT1 was less abundantly ex-
pressed in differentiating spermato-
gonia as reported by Don et
al.(2011)

Furthermore, the histological exami-
nation of 3 months-old rabbit testis
revealed the appearance of primary
spermatocytes in some seminiferous
tubules and when following the gene
expression, the expression was de-
creased than the previous age. This
result can be interpreted by absence
of DMRT1 expression in primary
spermatocytes. This was in agree-
ment with that mentioned by Maston
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et al. (2010) and Don et al. (2011) by
in situ-hyperdization study.

RT-PCR data for DMRT1 of 4
months and 6 months rabbit testis re-
vealed marked low expression near
background. This decrease might be
due to increased meiosis at these
ages. This result was in agreement
with that reported by Maston et al.
(2010). Also, Marchand et al. (2000)
mentioned that, the expression of
DMRT1 decreased in rainbow trout
at spermiation.

From histological view at these ages,
all spermatogenic cells (spermatogo-
nia, spermatocyte, spermatid and
spermatozoa) appeared and when
the gene expression was analyzed,
marked decrease in the level of ex-
pression of DMRT1 was found. This
result can be interpreted by absence
DMRT1 in premeiotic cells and
postmeiotic cells (Maston et al., 2010
and Don et al., 2011). These cells
were the major cell type in seminifer-
ous tubules at this age. Also, John-
sen et al. (2010) mentioned that in
the adult males, abundant dmrt1
mMmRNA was restricted to the periph-
ery of the tubuli, whereas no signal
was identified in the more central re-
gion harbouring the spermatocytes
and mature spermatids. Moreover,
the present study examined the
timing of STRA8 expression during
postnatal testis development.
STRAS8 expression was detected in
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testis soon after birth. However, its
expression appeared to remain
relatively stable from Oday to 4w and
was present in low level comparing
with the following ages which
suggests the low expression of this
gene in the presence of undifferen-
tiating spermatogonia. This interval
revealed the presence of undifferen
tiating spermatogonia by the histo-
gical analysis of testis.

The present study observed that the
expression of STRA8 was relea-
tively increased just before and
during spermatogensis  process
which might suggest that STRA8
may promote spermatogonial differ-
entiation. This result was consistant
was that reported by Endo et al.
(2015).

Interestingly, the histological analy-
sis of rabbit testis at the age of (6-
6.5ws ) revealed the presence of
late undifferentiated sperma-
togonia. At the same time, the
expression level of STRA8 was
releatively increased than the
previous ages which might suggest
that by the appearance of Ilate
undifferentiating spermatogonia, the
expression increased. This result
could be interpreted by that STRAS8
expression also occurs in late undif-
ferentiated spermatogonia in accord-
ance with that reported by Endo et al.
(2015). Also, Oulad-Abdel-ghani et
al. (1996) mentioned that, STRAS8
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expression begins immediately be-
fore spermatogonial differentiation in
mice. Thus, we could conclude that
STRAS8 expression begins in late un-
differentiated spermatogonia.

At 7-7.5weeks age, spermatogene-
sis began at which the late undiffer-
entiated spermatogonia underwent
maturation and transformed to sper-
matogonia. At this stage, the expres-
sion level of this gene was increased
than in the previous ages which
might suggest that by the
appearance of differentiated sper-
matogonia, the expression of gene
increased. This result was consistant
with Oulad-Abdelghani et al.(1996).
This indicated that STRA8 might pro-
mote spermatogonial differentiation
as reported by Endo et al. (2015).

From histogical view of rabbit testis
at the age of 3months, primary
spermatocytes were appeared. At
the same time, the expression level
of STRA8 was increased than in the
previous ages which might suggest
by the appearance of primary
spermatocytes, the ex-pression
increased. As already reported by
Zhou et al. (2008); Endo et al. (2015)
and Mark et al. (2015), STRA8 ex-
pression increased in premeiotic
cells (primary spermatocyte). This
pattern suggests that STRAS8 is re-
quired for meiosis of the primary
spermatocytes and STRAS8 protein
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may be play a role in the premeiotic
phase of spermatogenesis.

Adult rabbit testes at age of 4- 6 months
are in waves of meiosis and continue
throughout life, providing a continuous
supply of sperm from spermatogonial
stem cells at the periphery of the testis
cords and sperms appeared in the
center of seminiferious tubules at
this stage. In the current study, RT-
PCR recorded high level of
expression of STRA8 at this stage
and the rabbit testis of 6 months
where the volume of testis increased
and germ cells which required more
miosis increased. This study
revealed that the expression of
STRAS8 reached its peak which might
suggest that STRA8 may play role in
meiosis process. As already said,
STRAS8 is essential for successful
meiosis and normal spermatogene-
sis (Zhou et al., 2008). Also, Daniel-
carlier et al. (2013) mentioned that,
in testes, the STRA8 gene was
clearly expressed when meiosis
started until adulthood.

This data displayed an interesting
trend for STRA8 mRNA levels indi-
cating low level of expression in the
juvenile testis and rising sharply in a
linear fashion to adulthood. This ex-
pression pattern would be in accord-
ance with that STRAS being required
in the initiation of meiosis.
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Fig (1): (A, B & C): Photomicrographs of Odpp, 2w and 4w old New Zealand rabbit testis
respectively showing that: the testicular cords (Tc) contained two types of cell populations;
small number of large, light, round cells with relatively round nuclei, prespermatogonia
(PSg) and a large number of dark polygonal cells with irregular nuclei, Sertoli cells (S).
(D): 6w and (E) 6.5w, the late undifferentiated spermatogonia appeared large with pale
cytoplasm and large vesicular nucleus with clear nucleolus, (LPSg). H&E staining. X
40. Tc. testicular cord, PSg. Prespermatogonia, S. Sertoli cells, LPSg. Late undifferenti-
ated spermatogoni
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Fig (2): (A & B): Photomicrographs of 7w and 7.5 w old New Zealand rabbit testis re-
spectively showing that: The spermatogenesis began at which the late undifferentiated
spermatogonia (LSg) underwent maturation and transformed to spermatogonia (Sg)
which appear spherical with clear cytoplasm and large round nuclei with condensed chro-
matin island peripherally seated and their nuclei were central or eccentric and vesicular.
(B): 3m, the primary spermatocytes (Sp) observed in some seminiferous tubule. (C) 4m,
Spermatids (Sd) were first seen at these stages. (D): 6m, all stages of spermatogenesis
were evident and Spermatozoa (Sz) appeared in the tubular lumen at this stage. (A, B,
D) H&E staining, (C) PAS staining. X 40. St seminiferous tubules, Sg. Spermato-
gonia, S. sertoli cells, Sp. primary spermatocyte, Sd spermatid, Sdr. round spermatid, Sz.
Spermatozoa.
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Fig (3): Graphical presentation of quantitative real-time PCR analysis of the expression
of DMRT1 gene in rabbit testis from the age of Odpp to 6M.
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Fig (4): Graphical presentation of quantitative real-time PCR analysis of the expression
of STRAS8 gene in rabbit testis from the age of 0D to 6M.
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Rabbit (Oryctolagus cuniculus)

&5 / l

Kingdom: Animalia & Phylum: Chordata & Class: Mammalia & Order: Lagomorpha &
Family: Leporidae (in part) & Genus: Oryctolagus

The rabbit's long ears, which can be more than 10 cm (4 in) long, are probably
an adaptation for detecting predators. They have large, powerful hind legs. The
two front paws have 5 toes, the extra called the dewclaw. The hind feet have 4
toes. They are plantigrade animals while at rest; however, they move around on
their toes while running, assuming a more digitigrade form. Wild rabbits do not
differ much in their body proportions or stance, with full, egg-shaped bodies.
Their size can range anywhere from 20 cm (8 in) in length and 0.4 kg in weight
to 50 cm (20 in) and more than 2 kg. The fur is most commonly long and soft,
with colors such as shades of brown, gray, and buff. The tail is a little plume of
brownish fur (white on top for cottontails). Rabbits can see nearly 360 degrees,
with a small blind spot at the bridge of the nose.

Source: Wikipedia, the free encyclopaedia
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Abstract

The relationships between the body
dimensions, age and weight in the
eighty-seven foetuses were deter-
mined. Each foetus was weighed
and its body dimensions were meas-
ured using a string and a measuring
tape. The sexes of the foetuses were
determined by observing and record-
ing the gonad type in the ventral cau-
dal area. The age of each foetus was
determined by measuring the crown-
rump length. The mean (x SEM)
weight of the foetuses ranged from
50.7 £ 7.4 g - 14350 + 3372 g. The
crown-rump length and body length
of the foetuses varied from 15.8 £ 1.2
cm-104 +£85cmand 20.5+ 1.7 cm
-137 £ 11.7 cm, respectively. The tail
length and neck length ranged from
3.32£0.2cm-245+24cmand5.7
+ 0.5 cm - 36.9 £+ 2.6 cm, respec-
tively. The relationships between the
mean crown-rump length and body
length of the foetuses were highly
significant (P < 0.001). The mean
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crown-rump length of the foetuses
were significant (P < 0.001) corre-
lated with age, body weight, body
length, tail length and neck length.
Body length was significantly (P <
0.001) related to age, weight, tail
length and neck length. The increase
in tail length to neck length occurred
at a fairly constant ratio of 1:8.

Keyworda: Morphometric, Camel
(Camelus dromedarius), Kano abat-
toir.

Introduction

The camel (Camelus dromedarius)
belongs to the family, Camelidae.
This family is divided into three gen-
era. The old-world camels-(i) genus
Camelus the new world camel-(ii)
genus Lama and (iii) genus Vicugna
(Wilson and Reeder, 2005).

The mean gestation period of the
camel is between 315-360 days
(Puschmann, 1989) and May be up
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to 370-375 days (Fazil and Hofmann,
1981; Arthur, 1992).

The dromedary camel (one-humped
camel) is the most important animal
to man in the semi-arid areas of
Northern and Eastern Africa as well
as in the deserts of the Arabian Pen-
insula. It is a multi-purpose animal,
used for its supply of milk, meat,
hides and for transport (Schwartz
and Dioli, 1992; Farah, 2004; Kane
et al., 2005; Kadim et al., 2008).
There is paucity of information on the
developmental morphology of or-
gans in the camels, including the
lung

This study was conducted to deter-
mine the anatomical data of the
camel foetus using readily available
abattoir specimen.

Materials and Methods
Study area: The study was carried
out in Kano State. It is located in the
North-Western part of Nigeria and
covers an area of 20,131 kmZ2. Kano
State borders Katsina to the north-
west, Jigawa State to the north-east,
and Bauchi and Kaduna States to
the south (Roger, 2009).
Experimental Animals: Eighty-
seven foetuses were used for the
study. They were collected immedi-
ately after their dam were slaugh-
tered and the sex of each foetus was
recorded.
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Morphometric Studies: Foetuses
were weighed to the nearest 0.1 g
with weighing balance after being
carefully dried with a clean towel.
The following body dimensions were
measured to the nearest 0.1 cm for
each foetus using a string and a
measuring tape.

Crowm-rump

length

Body weight

Body length of the foetus

Tail length

Neck length

Foetal Age Estimation: The gesta-
tional age of each foetus was esti-
mated using a formula described by
Elwishy et al., (1981) as follows: GA
= (CRL + 23.99)/0.366. Where GA =
Gestational age; CRL = Crown —
rump length.

Data Analyses: All recorded values
were expressed as means * stand-
ard errors of mean. The statistical
package used was Graphpad prism
Software, San Diego, California,
USA

(WWW.Graphpad.com)
WWW.Graphpad.co).Values of P <
0.05 were considered significant.

Results

The age varied from 108.7 + 3.3 days
to 349.3 + 23.3 days. The body
length ranged from 20.5 £+ 1.7 cm to
137 £ 11.7 cm, the crown-rump
length ranged from 15.8 £ 1.2 cm to
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104 + 8.5 cm while the weight of the
foetuses ranged from 50.7 £ 7.4 g to
14350 £ 3372 g.

The tail length varied from 3.3 + 0.2
cm to 24.5 + 2.4 cm and the neck
length ranged from 5.7 £ 0.5 to0 36.9
+ 2.6 cm. (Table 1). In addition to the
increase in age, body length and
body weight, regular increase in tail
length to neck length was observed
at a fairly constant ratio of 1:8 (Table
3).

The crown-rump length and body
length were significantly (P < 0.001)
and directly correlated. The crown-
rump length of the camel foetus was
significantly (P < 0.001) and posi-
tively correlated with age, body
length, body weight, tail length and
neck length (Table 2).

Discussion

The mean crown-rump length of the
camel foetus ranging between 15.8
1.2 cm to 104 £ 8.5 cm obtained in
this study is less than that of 17.3 +
0.4cmto 116.7 £ 1.8 cm, reported by
Hussein eta., (1991). The mean
body length of the camel foetus,
which ranged between 20.5 £ 1.7 cm
to 137 + 11.7 cm in the present
study, is less than the range of 22.4
+ 0.5cmto 154.7 £ 3.2 cm, reported
by Hussein et al. (1991). The body
weight of the camel foetus was 48.6
+4.0gt020933.3 £2547.1 g and the
values were different (P < 0.05) from
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the mean body weight of camel foe-
tus (50.7 £ 7.4 g to 14350 + 3372 g)
obtained in this study. The differ-
ences in the dimension obtained in
the present study and that of Hus-
sein et al. (1991) may be due to the
variation in size of the animals, envi-
ronmental condition and nutritional
factors (Sivachelvan et al., 1996).
Body measurements steadily in-
creased in the present study with in-
creasing gestational age, and the
crown-rump length was highly corre-
lated (P < 0.01) with gestational age
(r=0.9546, P < 0.001).

Therefore, the developmental age
may be estimated from foetus crown-
rump length. In addition, since the
correlation obtained between crown-
rump length and body length was
high, body length may also be used
to estimate camel foetal age. This
finding is in agreement with the find-
ings of Elwishy et al. (1981) and Hus-
sein et al. (1991) who obtained a
highly significant correlation between
gestational age and body measure-
ments, and showed that the estima-
tion of foetal age is possible with a
fair degree of accuracy. Elwishy et
al. (1981) suggested equations that
were used to estimate the age of the
camel foetus in days (X) from a
known body dimension.

The result obtained by Hussein et al.
(1991) in the one-humped camel
showed that the ratio of radius to tibia
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lengths indicates that the rate of the
growth of the bones remains con-
stant in relation to one another
throughout the period of gestation.
However, in this study, in addition to
increase in the crown-rump length,
body length, age and body weight,
regular increase in tail length and
neck length were observed at a fairly
constant ratio of 1:8. The result ob-
tained in the present study demon-
strated, for the first time, the relation-
ships between the morphometric pa-
rameters of the one-humped camel
in the foetus, and that the parame-
ters are directly related. The findings
of the present study have demon-
strated that the morphometric pa-
rameters of the foetus in the camel
may be used to determine not only
the size of the foetus, but also many
morphometric anatomical parame-
ters that are of value in the determi-
nation of the age of the foetus,
crown-rump length, body length,
body weight, tail length and neck
length, using the regression equa-
tions obtained. Of particular clinical
significance is the determination of
body weight and age of the foetus
using the regression equations gen-
erated from the present study. Be-
sides the clinical value of the equa-
tions, the data obtained in the pre-
sent study may be of value in foren-
sic veterinary medicine, involving the
determination of some unknown
morphometric anatomical data of the
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foetus, especially the age in the
camel.

Conclusion

Base-line anatomical data of the
camel foetus on weight, body length,
crown-rump length, tail length and
neck length were obtained to the
best of our knowledge in Nigeria.
Body weight of camel foetus and
other body dimension studied were
highly correlated.

References

Arthur, G.H. (1992): An overview of
reproduction in the camelids. Pro-
ceedings of 18t International Camel
Conference, Dubai, United Arab
Emirate, Pp. 109-113.

El-wishy, A.B., Hemeida, N. A.,
Umar, M. A.,Mobarak, A. M. and EI-
sayed, M. A. I. (1981): Functional
changes in the pregnant camel with
special reference to foetal growth.
British Veterinary Journal, 137: 527-
537.

Farah, Z. (2004): An Introduction to
the camel. In: Farah, Z. and Fischer,
A. (Eds.), Milk and Meat from the
Camel - Handbook on Products and
Processing. Vdf Hochschulverlag,
Zurich, Switzerland, Pp. 15 — 28.

FaziL, M.A. and Hofman, R.R.
(1981): Haltung und krankheiten des

Vol. 11, No. 1, (2018) 31 - 37



Morphometric studies on the dromedary featus

Kamels. Tierarztliche Praxis, 9, 389-
402.

Hussein, F. M., Bahgat, M. N., El-
Bawab, I. E. and Paccamonti, D. L.
(1991): Prenatal Assessment of
weight and dimension of the camel
conceptus (Camelus dromedarius).
Animal Reproduction Science, 25:
129-136.

Kadim, I, T., Mahgoub, O. and Al-
marzoogi, W. (2008): Meat quality
and Composition  of longissimus
thoracis from Arabian camel
(Camelus dromedarius) and Omani
beef: A comparative study. Journal
of Camelids Sciences, 1: 37-47.

Kane, Y., Kadja, M.C., Bada-
Alambedji, R., Bezeid, O.E.,
Akakpo, J.A. and Kaboret, Y,
(2005): Lung lesions and bacteria of
the one-humped camel (Camelus
dromedarius) at Nouakchott slau-
ghter house in Mauritania. Revue d’
Elevage et de Medicine Veterinaire
de pays Tropicaux, 58(3): 145-150.

Puschmann, W. (1989): Zootier-
haltung saugetiere: familie kamele.

*Correspondence author:
Dr. Imam, J.

Imam et.al.,

VBE Deutscher landwirtschafsver-
lag, Berlin, Pp. 382-387.

Roger, B. (2009): Traditional live-
stock breeds: Geographical distribu-
tion and dynamics in relation to the
ecology of west Africa. Working Pa-
per 122, Produced by Overseas De-
velopment Institute, Portland House
Stag Place London, SW1ESDP.

Schwartz, H. J. and Dioli, M.
(1992): The One-humped Camel
(Camelus dromedarius) in Eastern
Africa: A Pictorial Guide to Diseases,
Health Care and Management. Ver-
lag Josef Markgraf, Weikersheim,
Germany. pp. 2-25.

Sivachelvan, M. N., Ghali Ali, M.
and Chibuzo, G.A. (1996): Foetal
age estimation in sheep and goats.
Small Ruminant Research, 19: 69-
76.

Wilson, D. E. and Reeder, D. M.
(2005): Mammal Species of the
World (3™ Ed.) Smithsonian Institu-
tion Press, Washington, USA, 70 pp.

E-mail: jibsimam@gmail.com,jimam@abu.edu.ng and jibsimam@yahoo.com.

+2348036194202

J. Vet. Anat.

35

Vol. 11, No. 1, (2018) 31 - 37



Morphometric studies on the dromedary featus Imam et.al.,

Table (1): Crown-rump, Body Weight, Body Length, Tail Length and Neck
Length Length of the Camel Foetus (Mean * SEM)

Crown- n Crown-rump Age (Days) Body length Body weight Tail length (cm) Neck
rump length (cm) (cm) (9) length
length (cm)
Range

Bt/ 25
10.5-19 7 158#1.22 108.7 £ 3.3 20517 50.7+7.4 3.3+£02 0.5
89+
20-25 9 23.1+042 128.6 1.1 309+ 1.1 135.6 £ 13.3 51+0.2 0.4
126 £
26-37 29 33.60.7° 157.3+1.9 43.3+0.9 4252 +£29.1 7.0+0.1 0.4
16.1+
38-44 14 42.0 £0.6° 251.6£71.4 542+1.0 766.1 +50.2 9.0+0.3 0.3
189+
45-54 12 49.0 +0.9¢ 199.2+25 64.0+1.2 1427 +123.9 10.3+£0.3 0.5
243+
55-65 B | GO .1 2344+ 3.0 81.6+1.7 2590 + 2021 13.5+0.7 1.3
27.7
66-80 517 £2-23 250.6 £5.7 93.2+3.0 4360 + 567.3 16.4+£1.1 1.0
331+
81-90 3 83.2+14¢ 293.6 £ 3.6 109.7 £2.0 7283 + 683.9 20.5+0.9 1.0
36.9
91125 3 104 +85 349.3+23.3 137 £ 11.7 14350 + 3372 245+24 2.6

abecde gnd = Values with different superscript letters within the same column are
statistically (P < 0.05) significant.
n = Number of camel foetuses sampled

Table (2): Relationships between Age and Body Dimension of the Foetus
of the one-humped Camel (Camelus dromedarius) (n = 87)

Correlated parameters Correlation coefficients
Crown-rump length and age 0.9546***
Crown-rump length and body length 0.9999***
Crown-rump length and body weight 0.9170***
Crown-rump length and tail length 0.9968***
Crown-rump length and neck length 0.9948***
Body length and age 0.9523***
Body length and weight 0.9186***
Body length and tail length 0.9971*
Body length and neck length 0.9947***
Body length and crown-rump length 0.9999***
* =P <0.001
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Table (3): Length of the Neck and Tail and the Neck:Tail Ratio during the Develop-
mental Stages of One-humped Camel (Camelus dromedarius) Foetus.

Average length

Range of Neck:
Crown-rump Tail
Length (cm) Neck (cm) Tail (cm) Ratio
10.5-19 7 57+05 3.3+£0.2 1.7
20 -25 9 51+0.2 89+04 1.7
26 — 37 29 7.0+£0.1 126 +0.4 1.8
38-44 14 9.0+0.3 16.1 £ 0.3 1.8
45 - 54 12 10.3+0.3 18.9+0.5 1.8
55 -65 5 13.5+0.7 243 +1.3 1.8
66 — 80 5 16.4 £ 1.1 27.7+1.0 1.7
81-90 3 20.5+£0.9 33.1+£1.0 1.6
91 -125 3 245+24 36.9+2.6 1.5
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One-humped came (Camelus dromedaries)

Kingdom: Animalia, Phylum: Chordata, Class: Mammalia, Oder: Artiodactyla. Family:Camelidae,
Genus: Camelus

Camel is an even-toed ungulate within the genus Camelus, bearing distinctive fatty
deposits known as humps on its back. There are two species of camels: the dromedary
or Arabian camel has a single hump, and the Bactrian camel has two humps. They are
native to the dry desert areas of West Asia, and Central and East Asia, respectively.
Both species are domesticated to provide milk and meat, and as beasts of burden.

The average life expectancy of a camel is 40 to 50 years. A fully grown adult camel
stands 1.85 m at the shoulder and 2.15 m at the hump. The hump rises about 30 inches
(76.20 cm) out of its body. Camels can run at up to 65 km/h (40 mph) in short bursts and
sustain speeds of up to 40 km/h (25 mph).

Fossil evidence indicates that the ancestors of modern camels evolved in North America
during the Palaeogene period, and later spread to most parts of Asia. Humans first
domesticated camels before 2000 BC.

Camels are able to withstand changes in body temperature and water content that
would kill most other animals. Their temperature ranges from 34 °C at night and up to
41 °C during the day, and only above this threshold will they begin to sweat.
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Abstract

A total number of fifty forelimbs com-
prising Twenty-five forelimbs male
dromedary camels (camelus drome-
daries) and those of male cattle,
Zebu type, (Bos taurus indicus)
within the ages of 6 months, 1 year,
3 years, 5 years and 7 years, were
purchased from Sokoto Municipal
Modern abattoir. Selected muscles
sampled (1 cm?) from the forelimbs
of both cattle and camel were taken
from the middle part of the muscle
bellies (from the biceps brachii, tri-
ceps brachii and deltoideus), fixed in
Bouin’s solution and prepared for
histochemical analyses.

The photomicrographs obtained
from the biceps brachii, deltoideus
and triceps brachii among both cattle

J. Vet. Anat.
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and camel demonstrated the mor-
phology of the different fibre types
(type I, type lIA and type 1IB). Muscle
fibre types showed different propor-
tions. Even though the overall mean
proportion of muscle fibre type I, type
IIA and type IIB could not present
any significant (p>0.05) differences
between the camel and the cattle
looking at it holistically. As revealed
in this work, the effects of the inter-
actions of species versus age, spe-
cies versus muscle and muscle ver-
sus age on the proportion of muscle
fibre type | revealed that the del-
toideus muscle of 1 year old camel
had significantly (p<0.05) higher pro-
portion. Type IIA muscle fibre ob-
tained from the deltoideus muscle of
5-year-old camel showed a signifi-
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cantly highest value, while muscle fi-
bre type IIB showed significantly
higher value from the triceps brachii
of cattle aged 1 year. The im-
portance of the knowledge of micro-
scopic characteristics in the determi-
nation of myofibre types could be of
help in advancing the knowledge on
muscle morphology (anatomy) and
as well be of help in meat science in-
dustry.

Keywords: Muscle Fibre, Propor
tion, Triceps Brachii, Biceps Brac
hii, Deltoideus, Cattle; Camel.

Introduction

The phenotypic differences among
skeletal muscle cells, termed fiber
types, their potential for adaptation
and underlying mechanisms have
been a topic of study for several dec-
ades. In mammals, skeletal muscles
are composed of a mixed population
of red, intermediate and white mus-
cle fibres (Close, 1972). Most mam-
malian skeletal muscles are com-
posed of varying proportions of the
three major types (I, IIA and IIB) of
fibers, while certain muscles such as
the rat soleus consist predominantly
of type | fibers (Dimov and Dimov,
2007).

Skeletal muscles are composed
mainly of three myofibre types that
differ in histochemical properties,
which reflect physiological and func-
tional aspects of myofibres (Suzuki

J. Vet. Anat.

40

Hena et. Al.,

et al., 1999). Myofibres are classified
into types |, lIA, and IIB by differ-
ences in reactivity for myosin
ATPase and dehydrogenases. Type
I myofibres correspond to slow-
twitch/oxidative myofibres, type IIA
myofibres to fast-twitch/ oxida-
tive/glycolytic myofibres, and type 11B
to fast-twitch / glycolytic myofibres
(Handel and Stickland, 1987). The
distinctive physiological properties of
different skeletal muscle fibre types
allow the muscle to respond to vari-
ous mechanical (speed and endur-
ance) and metabolic (anaerobic or
aerobic) demands (Pette, 2001).

Paucity of information particularly on
the muscle histochemical profile in
camel and cattle is a driving force in
this present research, considering
the utility of these animal species in
different fields. Similarly, observation
of the proportion of the muscle fibre
types in these animal species may
help at elucidating general principles
of musculoskeletal function and de-
sign, which could find application in
Anatomy and Meat Science Indus-
tries.

Materials and Methods

Twenty-five forelimbs of male one-
humped camels (Camelus drome-
daries), and twenty-five of male cat-
tle ,Zebu type, (Bos taurus indicus),
all within the ages of 6 months, 1, 3,
5 and 7 years, were purchased from
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Sokoto Municipal Modern abattoir.
The age of each animal was deter-
mined using the method of Wilson
(1984) and Dyce et al. (2010) to de-
termine their ages, while evaluation
of the animals to exclude any animal
with musculoskeletal deformity or
diseases was done through physical
examination. The live body weights
of the animals were estimated using
linear body measurement based on
the formula used by Yagil, (1994).

The samples (forelimbs) obtained
were wrapped in clean sterile poly-
ethylene bags and transported in a
clean cool box containing ice cubes
to the laboratory of the Department
of Veterinary Anatomy, Usmanu
Danfodiyo University, Sokoto-Nige-
ria, where the triceps brachii, biceps
brachii and the deltoideus muscles
were all carefully dissected out using
the methods of Chibuzo (2006) as
slighly modified by Sonfada (2008),
noting the origin and insertion of
every muscle before further different
processing and analyses followed.

After the dissection and isolation of
the muscles of interest, scalpel blade
was used to excise portions of mus-
cle samples measuring about 1 cm?
(measurements were obtained with
the aid of a tape rule, placed across
the muscle section) from the fore-
limbs of both cattle and camel were
taken from the middle part of the
muscle bellies (from the biceps bra-
chii, triceps brachii and deltoideus),
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fixed in Bouin’s solution and pre-
pared for histochemical analyses us-
ing the method of Dubowitz (1985)
as a guide. This procedure helped in
demonstrating the specific muscle fi-
bre types from the selected muscles.
After histological preparation of the
slides, the prepared slides were
viewed using a microscope (Olym-
pus® CH 23, Germany) at different
magnifications (x40, x100, x400).
Photomicrographs were then ob-
tained and transferred into a com-
puter (Compac® Laptop, HDM, Pre-
sario CQ60) for further evaluation
and detailed studies. The area and
number of muscle fibres were calcu-
lated from 5 randomly selected
fields. The proportions of muscle fi-
bre types were calculated by dividing
the number of each muscle fibre
types by the total number of muscle
fibre types as indicated by Fuentes
et al. (1998).

Numerical data obtained were re-
ported as meanzSD (Standard devi-
ation) and presented in form of ta-
bles and charts. Data generated
from the study were analyzed follow-
ing a completely randomized design
with a factorial arrangement of treat-
ments using the general linear model
(GLM) of SPSS (Version 16.0,
2007). Statistical significance of ex-
perimental observations was set at
P<0.01 and P<0.05 where appropri-
ate. All statistical analyses were
done using SPSS (Version 16.0,
2007).
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Results

The photomicrographs obtained
from the biceps brachii, deltoideus
and triceps brachii from both cattle
and camel demonstrated the mor-
phology of the different fibre types
(type I, type lIA and type 1IB) as pre-
sented in Plates (1) and (2).

Even though the overall mean pro-
portion of muscle fibre type I, type IIA
and type 1IB could not present any
significant (p>0.05) differences be-
tween the camel and the cattle look-
ing at it holistically (Table 2). As re-
vealed in this work, the effects of the
interactions of species versus age,
species versus muscle and muscle
versus age on the proportion of mus-
cle fibre type | revealed that the del-
toideus muscle of 1 year old camel
had significantly (p<0.05) higher pro-
portion (Table 1, Figures 1, 2 and 3).
Type lIA muscle fibre obtained from
the deltoideus muscle of 5-year-old
camel showed a significantly highest
value (Table 1; Figure 4), while mus-
cle fibre type IIB showed significantly
higher value from the triceps brachii
of cattle aged 1 year (Table 1; Fig-
ures 5 and 6).

Discussion

Although the overall mean proportion
of muscle fibre types I, IIA and 1IB
could not present any significant
(p>0.05) differences between the
camel and the cattle in this work, the
effects of the interactions of species
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versus age, species versus muscle
and muscle versus age on the pro-
portion of muscle fibre type | re-
vealed that the deltoideus muscle of
1 year old camel had significantly
(p<0.05) higher proportion. The ob-
served larger proportion of muscle fi-
bre type | in triceps brachii irrespec-
tive of the species, is indicative that
this muscle is larger and heavier
than other muscle types. This obser-
vation is consistent with the report of
Fuentes et al. (1998) that who fur-
thermore also observed that type | fi-
bre is designed for slow body move-
ments and are significantly present
in postural muscles. Muscle fiber
types differ between individuals, but
they also differ ~ between mus-
cles. Some muscle groups are very
slow twitched (they have a high type
| muscle fiber proportion) and other
muscle groups are very fast twitched
(they have a high type Il muscle fiber
proportion), although most muscle
groups display an even mixture of
both fiber types. The musculature of
the forelimbs in larger animals ap-
pears to be more involved with main-
taining a posture and as well aiding
in propulsive movements, even
though in this present research the
individual roles of the limbs/muscles
were not assessed.

All effects of interactions on type Il A

muscle fibre proportions indicated
that the deltoideus muscle of 5 years
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old camel, triceps brachii of 3 years
old camel and deltoideus of 3 years
old cattle all had higher significant
(p<0.05) values. All interactions on
the proportion of muscle fibre type
IIB indicated that 1 year old camel
and cattle both had higher propor-
tions (p<0.05), with the biceps bra-
chii of camel having the highest
value which was closely followed by
the triceps brachii. This is consistent
with the findings of Sonfada (2008) in
camel, who reported that biceps bra-
chii muscle showed the presence of
fast twitch (white fibres) predominat-
ing the red fibres. That is possibly
why camels can walk for long dis-
tance with sustained activitity and
sometimes even being used in rac-
ing. In the same vein, it has been re-
ported by Gonyea et al. (1981) that
the proportion and regional distribu-
tion of muscle fibre types within a
muscle appear to be related to the
degree of functional complexity.

In agreement to the findings of
Kadim et al. (2009) on their work on
camel and cattle, and to the work of
Brandstetter et al. (1998) on fibre
characteristics in growing bull, this
present work indicated that muscle
fibre type 1IB had the highest mean
proportion followed by muscle fibre
type IIA and type | from both the
camel and cattle studied. For both
species studied in this work, higher
proportion of type IIB fibres is in
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agreement with Wegner et al
(2000), although with different distri-
bution pattern for the other fibres
types (types | and IIA).

The fact that muscle fibre type 1IB
(white fibres) predominate in the bi-
ceps brachii and triceps brachii mus-
cles may be due to the fact that these
muscles are under constant tension
due to their structural, supportive
and propulsive roles in these animal
species thus depleting them of their
glycogen content. Another possible
reason could be due to the likely con-
version of muscle fibres between
types IIA and 1IB as was reported by
Brandstetter et al. (1998), with em-
phasis being laid on the preference
of type IIB fibres even at an early
stage after birth (Picard, et al., 1995).
Kassem et al. (2004) also reported
that in camel muscles, type IIA fibres
had the highest percentage followed
by type IIB and type | respectively.
The differences between the finding
of the current study and that of
Kassem et al. (2004) might be at-
tributed to variations between the
camels due to the heterogeneity of
dromedary camels, as there are no
established pure camel breeds as
obtainable in other species, and this
could also be probably due to differ-
ences in muscle type as they used
longissimus thoracis muscle in their
study.
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A myofibre's indigenous physiologi-
cal and metabolic properties contrib-
ute to the effectiveness and effi-
ciency of the functioning of the skel-
etal muscle with respect to the sup-
port and movement of the body. The
most comprehensive system of no-
menclature for myofibre ‘typing'
gives a full description of these phys-
iological and metabolic capacities,
based on the relative contraction
speed of the fibre and its propensity
for oxidative and glycolytic metabo-
lism (Handel and Stickland, 1987).

In general, the proportion of muscle
fibre is related to changes through-
out growth, and fast-growing farm
animals were known to have more
muscle fibres than slower growing
ones. Within strain, the fibre number
may increase with increasing aver-
age daily gain and gain: feed ratio
(Stickland, 1995).

The importance of the knowledge of
microscopic characteristics in the de-
termination of myofibre types has
been stated by several works, espe-
cially the parameters concerning
meat quality (Lawrie, 1974). Accord-
ing to this author, meat quality is
largely influenced by the changes in
the morphology and muscle fibre
composition during growth. The
adoption of morphological and histo-
chemical methods was also useful in
the study of changes in myofibre
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size, distribution, frequency and con-
nective tissue of different breeds of
lambs (White et al., 1978; Sivachel-
van and Davies, 1986; Suzuki and
Tamate, 1988). Thus, this present
work could be of help in advancing
the knowledge on muscle morphol-
ogy and as well be of help in meat
science industry.
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Type |
fibres

Type lIA
fibre

Type IIB
fibre

Plate (1): Photomicrograph of camel’s deltodeus muscle demonstrating the fibre types
(PAS x100).

Type | fibres

Type IlA fibre

Type |IB fibre

Plate (2): Photomicrograph of cattle’s deltoideus muscle demonstrating the different fi-
bre types (PAS x100)
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Table (1): Proportions of Muscle fibre types in camel and cattle

Camel Cattle Camel Cattle Camel Cattle
Factors
Type | Type | Type IIA Type lIA Type IIB Type 1IB
6 MO
BB 17+1.30° 32.2#1.5928 32242762  17.6+1.21° 48.8+1.36 49.2+1.56
D 40.6+£1.202 34.2+1.77°  30+1.00 25+2.17 29.4+1.57° 40.8+2.562

TB  18.2+1.46° 39.6x3.092  30.2+2.82 37.2x2.22 51.6£3.4428 23.2+2.81°
1Y0

BB 20.2+3.14° 35.642.163 22.2+1.982  14.4+1.86° 54.6+3.542 50+2.70°

D 53.4+5.46° 36.8£1.56° 23.8+2.48°> 29.8+0.86°? 22.8£3.48° 33.4+1.502

TB 52.3+2.082 29.8+5.05° 14.8+1.43 15.6+2.20 32+1.58° 56.6+2.36°
3YO0

BB  31%1.22° 20.2+¢2.59°  21+2.00 27.8+2.42 48+1.67 50.4+3.09

D 33.4+3.85 35+£3.19 35+4.59 39.4x3.07 31.6+3.91 25.6+3.53

B 33.6+3.88 32.8+2.59 38.2+3.56 36+2.41 27.8+6.77  31.2+2.82
5Y0

BB 33+£2.12 26.2+2.35 30.2+1.16 30.4+0.51 36.8+3.04  43.4%1.96

D 24.6+4.90 33.4+2.50 40.6+3.192  27.6+4.94° 34.8+5.23  39+5.51

B 50.6+2.58 46.2+£3.97 17+1.52°b 29.8+2.67° 32.4+1.89  24%4.37
7Y0

BB  29.4+3.41 23.6+3.34 22+1.58P 29.4+2.16° 48.2+3.51 47+3.88
D 24.6%¥4.13 38+4.70 36.2+4.69 31.63.81 37.4+£3.29  30.4%5.39
B 44.8+5.58 44.2+5.23 28.6+3.83 31.8+5.39 26.6+5.33  24+3.78

Key: MO = Months Old, YO = Year OId, BB = Biceps brachii, D = Deltoideus, TB = Triceps
brachii

a Means bearing different superscript in the same row within a subclass differ
(p<0.05)
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Table 2: Overall mean proportions of muscle fibre types and their interac-
tions in camel and cattle muscles

Percentages of muscle fibre types

Factor
Muscle fibre Muscle fibre Muscle fibre
type | (%) type lIA (%) type IIB (%)

Species

Camel 33.962 28.132 37.592

Cattle 33.922 28.232 37.882
SEM 1.07 0.82 1.07
Age

6 months 30.47¢ 28.70° 40.832

1Year 38.17¢2 20.10¢ 41.40¢2

3 Years 31.00°P¢ 32.90° 35.77°b

5 Years 35.672 29.27 3 35.07°

7 Years 34.4( abe 29.93ab 35.60°P
SEM 1.69 1.29 1.67
Muscle

Biceps 26.94°¢ 24.72°¢ 47.742

Deltoid 35.58°b 31.90°2 32.72°b

Triceps 39.30° 27.92° 32.74°
SEM 1.31 1.00 1.31
Interactions

SxA o NS NS

SxM * NS *

AxM o NS o

abed Means bearing different superscripts along the same column within a subclass
differ (p<0.05)

Key: S = Species; M = Muscle; A = Age; SEM = Standard Error of the mean, NS
= Not Significant; * p<0.05; ** p<0.01

J. Vet. Anat. 49 Vol. 11, No. 1, (2018) 39 - 52



Histochemical studies on muscle fibres of camel and

E0.00

40.00-

20.00

Proportion (%) of Muscle Fibre Type |

Hena et. Al.,

oo

Age
[six months
Edone year
[Mthree years
Hfive years
Elseven years

Species

Cattle

Fig (1): Effect of age versus species interaction on proportion of muscle fibre type |

60.00-]

40.00-]

20007

Proportion (%) of Muscle Fibre Type |

.

Muscle
Fltriceps
EAkiceps
M cettoic

0o

Camel

Species

T
Cattle

Fig (2): Effect of muscle versus species interaction on proportion of muscle fibre type |

J. Vet. Anat.

50

Vol. 11, No. 1, (2018) 39 - 52



E0.00

40.00-

20.00

Proportion (%) of Muscle Fibre Type |

oo

Histochemical studies on muscle fibres of camel and Hena et. Al.,
Age
f
Hfive years
i / Elseven years
% 7z
% 1

_ Z .
Z Z Z

7z
Z //,

7z

7z
_ _

triceps hiceps deltoid
Muscle

Fig (3): Effect of age versus muscle interaction on proportion of muscle fibre type |

S0.00

40.00

30.00

20.00

Proportion (%) of Muscle Fibre Type IIA

10.00

0o

Age
[six months
EAone year
Mthree years
Hfive years
Eflseven years
1Z
2 ﬁ‘
_ | _
%
Z
? g /
_
/ 5 //
_ 7
riceps M::p;sle eltoi

Fig (4): Effect of age versus muscle interaction on proportion of muscle fibre type IIA

J. Vet. Anat.

51

Vol. 11, No. 1, (2018) 39 - 52



Histochemical studies on muscle fibres of camel and Hena et. Al.,

Muscle
Fltriceps
Ebiceps
M dettoid

60.00—

40.007

20.007

Proportion (%) of Muscle Fibre Type IIB

.
_

.00 T T
Camel Cattle

Species

Fig (5): Effect of muscle versus species interaction on proportion of muscle fibre type 11B

Age
Esix months
[
% — [Mihree years

M 50.00- i 1 Efive years
= i Bl seven years
& 1 H
5 a Bl i
Z : i / | i1
brd - [ ; —
in 40.00 / 1 / 1
= 1 1 .
[=] H H HE H
= W i v (Iff
= i H H / 1
E 20.00— =/ : e
g' ! : :/ : /
— : i :
= i n

5.5/ sls Z

H N i

o0 triceps biceps cetoid
Muscle

Fig (6): Effect of age versus muscle interaction on proportion of muscle fibre type 11B

J. Vet. Anat. 52 Vol. 11, No. 1, (2018) 39 - 52



Instruction to Contributors (Journal of Veterinary Anatomy)

The Journal of African Association of Veterinary Anatomists is published by half-Yearly from Asila
for Design and Publishing , 32 Mohamed Awad Str. Nasr City, Cairo , EGYPT. It is in digital print size of
20.5x27.5 cm in two columns with a print area of 17x22 cm. It will be known as Journal of Vet. Anat. with
Volume number on yearly basis and Number on issues per volume basis (in exceptional cases there can
be more than two issues in a volume).

Nature of coverage: This journal is dedicated to disseminate scientific information in form of: Origi-
nal research articles in , histology, embryology, teratology, cell biology and learning veterinary anatomy.

Submission of manuscript: Mail two copies of the Manuscript and two complete sets of figures to
Prof. Dr. A . S. Saber, editor, Journal of Vet. Anat., Department of Anatomy & Embryology, Faculty of Veterinary
Medicine, Sadat City Branch, Menoufiya University, EGYPT.

The manuscript should be sent in a heavy paper envelope and photographs or illustrations
should be enclosed in a cardboard to avoid damage during mail handling. The Manuscript should be ac-
companied by a covering letter from the author responsible for correspondence. It should also contain a
statement that manuscript has been seen and approved by all co-authors. Editor and members of the editorial
board are not responsible for the opinions expressed by authors and reserves the right to reject any material
or introduce editorial changes. Material will be accepted for publication on the understanding that it has not
been published in any other form and is not being considered elsewhere. Any material once accepted for pub-
lication may not be republished in any form without prior permission of the author.

Manuscripts can also be accepted on CD, computers, PM5 or PM6 Microsoft-Word-5 or compa-
tibles, Microsoft-Excel-4, Cricket Graph-4 Statview-4 or compatibles. It would be in the interest of authors to ac-
company a hard copy.

Preparation of the manuscript: Manuscript should be typed on white bond paper (A4 or 5 size) with
a margin of 4 cm on right side, 3 cm on left side, top and bottom. British English, spellings and generic names of
drugs should be used. International Code of Zoological Nomenclature, Nomina Anatomica Veterinaria, In-
ternational Code of Nomenclature of Bacteria, International Code of Botanical Nomenclature and International
Standards should be strictly followed. All terms should be identified by their scientific names and for easy
comprehension common terms/names can be used.

Each of the following sections should be types on separate pages:

Title page: This page should contain title of the article, name of the department/institution where work
has been done, present postal address of each author and name of author to whom reprint request should be
addressed. Following is the example:

Example: Cardiac Looping and Formation of the Heart Regions in Japanese Quail Embryo (Coturnix
coturnix):
A.S. Saber, K.M. Shoghy, A.M. Erasha and M.M.Nada
Department of Anatomy & Embryology, Faculty of Vet. Med., Sadat City Branch, Menoufiya
University, EGYPT

Send Reprint Request to Prof. Dr. A. S. Saber

Abstract and Key words: The abstract should begin with title of the article (in upper case), and
have brief procedures, salient results and conclusions not more than 225 words, in one paragraph on
second page. Proprietary names and abbreviations should be avoided. Provide four to six key words below
the abstract for indexing services. Abstract is not necessary for short communications, case reports, news
items etc.

Text: The proper text of the paper should start from third page and should again begin with title of the ar-
ticle (in upper case). The text should be divided into sections with headings, introduction, materials and
methods, results, discussion, tables/illustrations and references.

Introduction: The logic of the introduction is to introduce the specificity and relevance of the top-
ic to the readers. It should include the objective of the work in brief and most important related reference(s).
Materials and Methods: Should contain details regarding materials and brief account of procedures
used.

However, sufficient details must be included to reproduce the results. For established or routine methods only
related reference(s) can be cited. Any deviation from routine procedures should be specifically mentioned. Only



generic names of the drugs and chemicals should be used in the running text. The trade names, source or other
necessary related information should be mentioned in parenthesis there in.

In case reports, the case record sheet should also be included in materials and methods.

Statistical methods if used should be briefly described along with reference. If any analysis is done with
the help of a computer programme, its complete name and source should be mentioned, however, it does not
mean to exclude the mention of methods, level of significance and other relevant information.

Results and Discussion should be presented in logical sequence with implications of findings
about other relevant studies. The data or information easily attainable from the tables or graphics need not be
repeated in the results. Only important observations need to be summarized. Undue repetition of the text from
results to discussion has to be avoided. To preclude it, depending on article, results and discussion can be
combined. In discussion only significant results should be discussed. One should not always stick to the term
'statistically significant' data rather biological importance or significance of any variation should be given
due importance in discussion. Discussion should always end in conclusions linked with objectives of the study
mentioned in the introduction and unqualified statements should be avoided.

Tables: Each table should be typed on separate sheet. Large tables should be avoided and
should not exceed one page. Each table should be numbered in Indo-Arabic numerals according to
their sequence in the text that refers to it. In the text it should be referred as proper noun e.g., Table 1.
The title of the table should be brief and self-explanatory. Footnotes can be included to enhance understand-
ing ability of the contents of the table.

lllustrations and Legends: All illustrations should be submitted in duplicate and about twice the size
desired for reproduction that is 17 cm for double column or 8.3 cm for single column. Photographs and photomi-
crographs should be printed on glossy paper with excellent details and contrast. Drawings and diagrams should be
in India ink (Black) on smooth white paper. All illustrations should be referred as figures in the text and should also
be numbered in Indo-Arabic numerals e.g., Fig 1. Legends of all these figures should be typed on a separate sheet.
Each legend should be clear, concise and informative. A statement of magnifications or reductions should be given
where it is applicable. Nothing should be written with pen or typed on the back of any illustration except it bears
running title of the paper, figure number and arrow indicating top edge with light pencil. All graphs should be sup-
ported with data on a separate sheet to redo them (in certain special cases) according to format of the journal.

References: References to the work should be cited in the text with author's surname and year of pub-
lication in the parenthesis e.g., Saber (1995) or Saber et al. (1995) or (Saber et al, 1995), depending upon con-
struction of the sentence. In case there are two authors the conjunction 'and' or its symbol '&' should be used
according to construction of the sentence.

References should be arranged in alphabetical order. Authors should not modify the title of the refer-
ences. Mention full name of the journal. Examples of correct forms of references are given below:

Reprints: There is no provision for free reprints. Author or person in correspondence has to pay EL
300 (for Egyptian Citizens only) or US $ 100 or £ 55 or Euro 70, in advance for 10 reprints. Additional reprints in
multiples of 10 may be requested and will be charged at the same rate but with minimum order of 30 reprints and
every request for extra reprints should be made, if required, before 30th May or November every year.

Charges for colour and black and white pictures: Author(s) has to pay for production of colour plates
in his/her manuscript. More than 4 black and white picture will be charged from the author(s) towards printing
charges.

Copyright: The copyright of the article will remain with the owner, Prof. Dr. A.S.Saber and will be go-
verned by the Egyptian Copyright Act.






AFRICAN

ASA
\"4

Journal of
Veterinary Anatomy

www.vetanat.com



