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Abstract

Information on theanatomical studie®f the endocrine glands of the indigenous -one
humped cameah Northern Nigeria is scarce, and tlaet that these endocrinéagds may be
involved in themechanisms ofdaptation to hostile environment through which it survives
for long periods without food and water the arid zonesThirty (30) onehumped camels,
comprising fifteen (1pmales andifteen (15) females were used in this study. The animals
weredivided into 3 groups of 10 animals eaG@roup A B and Cconstitutel0 onehumped
camels (5males and5 femaks)ageal between 1 to $ears 6to 10 yearandabove 10years,
respectively The gross anatomicastudy of the endocrine glands namely; thyroid,
parathyroid and adrenal glands were dtindetermine the shaps, texture,color, surfaces,
and bordersmeasurementen the weights where obtained using digital weighing balance,
and measurements width, thickness and lengtiere taken using digitalernier caliper.
Histologicalfeatures were studied usingutine Haematoxylin and Eosin (H and E) for light
microscopy.Histochemical featuresfdhe endocrine glandwere explored usingeriodic
Acid Schiff (PAS) special stainfor thyroid and parathyrdiglands, Acid Hydrolysis Azure

A for thyroid gland,Alcian blue and potassium dichromattr adrenal glandHormonal
assays of Thyroid Stimulating Hormone (TSH), Triiodothyronine (T3), and
Tetraiodothyronine (T4) were studied usihgee different Enzymeinked Immuno Servent
Assay (ELISA) Kits (obtained from Nazo Medical Diagnostic Services, Lagoghéor3,

T4, and TSHELISA. The result showed that the thyroid glamas a pairedlobe, and
lengthy organ, with blood supply from superior thyroid, middgaid and inferior thyroid
arteries.Correlation of the weight of the thyroid gland in ememped camel was directly
proportional to the age of the animal, while the correlation of the concentration of the

thyroid hormones (T3 and T4) was inversely préipoal to the weight and the age of the

Vi



thyroid gland in the indigenous ofemped camel. There were higher concentrations of
thyroid hormones in the young than in the adult. Histological studies revealed the
appearances of numerous vacuolated colloidd, apoptosis of the follicular cells of the
adult animals, which highlight the reason for the above correlatidrexe were follicular

and parafollicular cellsThe parathyroid glands were two pairs of glands situated around
thyroid gland lobes. In additip accessory parathyroid glands were seen, in this study,
situated on the right, while some on the left of the indigenoushomped camel. The result
showed that there was sexual dimorphism in the weight, length, width and thickness in the
parathyroid glads in the juvenile age group and the young adult group, especially in the
width, which was highly significant (P<0.01Yhe general histological features of the
parathyroid glandconsisted of densely packed chief cdlight and dark cells), xyphil

cells and abundance of adipose cefisthe adult male and female, but the adipose cells
were absent in the young group. The right adrenal gland was positioned superior medial to
the right kidney attached to the inferior medial surface of the liver, viliddeft adrenal
gland was superior medially positioned within fat from the left kidney. There was sexual
dimorphism in the weight and thickness of the adrenal gland of the female in the juvenile
age groupHistologicaly, the adrenal cortex comprised tiree zonegenerally, but four
zones were seen in the young adult groups na#d@tha glomerulosa, zona fasciculazena
intermedia, and zona reticulari€hromaffin cells of the medulla were identifiday
potassium dichromate chromaffin reactiofi$e results showedage and morphometric
correlationssexual dimorphisms and cellular morpholagyhe endocrine wengertinent to
enhance the understandinghafw the animal adapts to its environmeat thiswill provide

baseline information for future relateesearches.
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CHAPTER ONE
INTRODUCTION
1.1 Background

Dromedary camel Gamels dromedariu$ as a livestock species is gaining economic
interest because of its adaptation to harsh climatic conditions and resistance tesdiseas
Bengoumi(1992), Faye(1997), and Faye and Bengoui@000). Such adaptation is thadis

for the reputation of this specie to be uniquely able, among other large mammals, to survive
under harsh desert conditions. One of t he
natural habitat is changes in the activity of its endocrine glands,asuttte thyroid gland,
parathyroid gland, adrenal gland, pituitary gland and others, which are implicated in growth
and development, complex series of metabolic functions, thermoregulatory, specific organ
functions, among many, yet numerous morphologiaeailations of thes glands are not well

explored(Rejebet al.,2011)

Dromedary Camebk a specieof animalthat is anatomically and physiologically adapted to
water and food restrictions and to an excessively hot clif@tajd and Kamel,2009) It

can survive in an incredibly harsh environment (up to 70°C), that is teth#lother species

of animal (Ouajd and Kamel 2009). Camel can store water in all its body compartments
(intracellular, extracellular, bloodind especially GII Every or@n has the extraordinary
capady to store water Karkaf2011). Similarly, it is well known for its feats of endurance,

a 750kg camelan carry 450kg luggage arable to travel at 16km/h for up to 18 hours

nonstg Snow(1992).

Dromedary camel is describedtah e O0s hi p of the desertd, as

on sand without sinking, carrying heavy loads and transport them acrodestnts Snow



(1992). Bventhoughthe traditional usages of camel in most countni@ge been supplanted

by motorized transport, however, its cultural and economic importance have been
maintained by camel racing, durbar racing, military mascots (such as the Nigerian Corporal
Camel Rakumi in 65 division of 81 Battalionthie Nigerian Armym LagosANON (2011),

meat andmilk provisions,hair and leathetextiles, transportatiorworking animaldn farms

Yagil (1982 andSnow(1992.

The breeds of theoreu mped camel found in Northern Nig
brown), AFari o (grey whitfidpbhimBaol dBr ¢whed
identified basd on their phenotypic trait of coldAbdussamadet. al.,2011) This needs

further investigation because these ecotypes could be of the same breed or of different
breeds, the genuineness of which could only loegw by molecular genetgtudies, and is

yet to be doneThe local name of camél Hausa Language s ¢ &dkimd@d & mat ur e
femal e iTaguwaa !l Ilwehd I fe t he maAma®dAbduseaadt.ali, s c al

2011).

1.2 STATEMENT OF RESEARCH PROBLEM:

There is paucity ofnformation on theanatomical studies dhe endocrine glands of the
indigenous ondnumped camel, despite the fact that these endocrine glands are involved in
theDr o me dnzechgnésms of adaptation to hostile environmentuginovhich it survives

for long periods without food and water.


http://en.wikipedia.org/wiki/Camel_milk
http://en.wikipedia.org/wiki/Camel_hair
http://en.wikipedia.org/wiki/Working_animal

1.3 JUSTIFICATION FOR THE STUDY

The studies on the endocrine glands of the indigenoushwmged camel is pertinent to
enhance the understandinghafw the animal adapts to its environmeat,thiswill provide

baseline informatiown the camelor future related researches.

1.4  SIGNIFICANCE OF THE STUDY

The significance of the presestudy wee:

It could be useful in comparative anatomy and evolutionary studies with other species of the
artiodactylaorder and higher orders like humaitscould alsoenhance and provide basic

and clinical investigative information in endocrinology and relae=sarch fields, such as
Animal breeding and Biotechnology

1.5 AIMOF THE STUDY

The aim of thevork was 6 study the anatomicéatures of thyroid, parathyroid and adrenal

glandsof the onehumped camehdigenous to Northern Nigeria

1.6 OBJECTIVES OF THE STUDY

The objectives of theesearclwere:

I.  To study he gross morphologynd morphometry of the thyroid, parathyroid and

adrenal glands of the ofieimped camel.

II.  To study the Istology of the thyroid, parathyroid and adrenal glands of the- one

humped camel using routine stain (H & E).

lll.  To study the Istochemistryof the thyroidglands usingPeridic Acid Schiff (PAS)

for demonstration of glycogerand Azure A Acid hydrolysis technique for
3



demonstration of parafollicular cellstudy the histochemistry @arathyroidglands
using Perodic Acid Schiff (PAS)for demonstration of glyagen, as well; and to
study the drenal glands of the ormumped camelusing Alcian Blue for
demonstration of muciand Potassium dichromate fdemonstration o€hromaffin

cells.

To determine hHe serum levels of Thyroid Stimulating Hormone (TSH),

Trilodothyronine (T3) and Tetraiodothyronine (T4) using ELISA aamalyzekits.

To determine he sexual dimorphism ithe morphometric variables of the thyroid,

parathyroidand adrenaglands



CHAPTER TWO
LITERATURE REVIEW

2.1 Dromedary camel
2.1.1 Etymology of the dromedary camel:

The term "dromedary" is derived from the wadmos(Greek word for "road") referring to
its first usage in transportatio®uajd and Kamel(2009). However, camel dromedary is
usedthroughout the world to describe the dmemped camel, the Bedouin narmokthe

dromedaryMarisa(2011).

The word “"camel® was originally from Latin and Greek words
camelusandk a m (Jrespexctively. Similarly, theHebrewword g U m&nd Arabic word
jamal, which is Inguistically related té\rabic verbhamalameaning to bear or carry, related
tothe primary usage of the camel Herg2012), and from the same root with the word

jamalun which is the Arabic name of camel.
2.1.2 Evolution and Distribution of camel

"Camel" as well, is generally used to describe anyhefdix camelike mammals in the
family Camelidae It includes the two true camels; the camel dromedary and camel bactrian,
and the fouSouth Americartamelids thellamaandalpacawhich are cakd the "New
World camels”, and thguanaccandvicufiacalled the "South American camel8ornstein

(2010).

Dromedary camel ddlongs to the Kingdom Animalia Phylum Chordata, Subphylum
Vertebrata,ClassMammalia,Order Artiodactyla (evertoed ungulates), Subord€&ylopoda

Family Camelidag(camels, llamasalpacasguanacandvicufig, GenusCamelugcamels),
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and Specie€amelus dromedariu®nehumped cameljGauthierPilthersand Dagg1981,

Nowak, 1991 Wilson and Readef005;Spauldinget al, 2009).

The Tylopoda(camels, llamas and alpacas) aheévrotaindhave a threehambered
stomach, while the rest &uminantiahave fourchambered stomachs, hence categorized as
Pseuderuminant. However, camels do regurgitate ingestedge. In fact, they are more
efficient at feed conversion than are ruminants in extracting proteinreergyefrom poor

quality foragegJanisand Jarmanl984 Marisa 2017).

The Camelidaefamily differs from other true ruminants in not only having horns or antlers,
but also their forestomachs are different morphologically and physiologically. The -even
toed ungulatesra generally herbivorouglanisand Jarmanl1984). Furthermorethe red
blood cells(RBCs) of theCamelidaeare oval in shape, thus uniqguae@ng all the mammals

Bornstein(1990).

Fossils records prove that the early evolution of @amelidaeoccurred in the North

America. TheCamelusspp appeared during the Pleistocpeeod, as well as during one of

the ice ages when there was akndi dge bet ween Al aska and S
camel so0 spread into Asia. During this migra
out in Northern America, however, soroamdids had migrated to the South America and

evolved as the South American Caidgl(the guanacos and vicundfrisa(2011).

In Asia, two groups estranged to become the two chief types of camel known today
thedromedary camel distinct with long E@nda hump and theBactriancamel, withtwo
humps and shorter legslt was thought that the dromedary may have evolved from the

Bactrian camel. However, the hump(s) mayénbeen acquired as a result of domestication.
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The onehumped camelGamelus dromedariusis found in the Arabian deserts, while the

two-humped camelGamelus bactrianugis an Asiatic animalMarisg 2011).

2.1.3Lifespan and Reproduction:

The dromedary camel has a lifespan of about 40 to 50 years. Typically, males and females
are seasonal breeders. Breeding occurs in winter and overlaps with the rainy season; both
vary in respect to the camel's geographic range. The onset of the breedmy isebelieved

to be cured by nutritional status of the camel and the day le@gtinels mate in sitting
position, with the male mounting from behind. The male usegdgulateshree or four

times within a single mag session(MukasaMugerwa 1981) Copulation time ranges

from 7-35 minutes, averaging 115 minutes. The pregnancy typically lasts for a period of

15 months, followed by the birth of a single calf. The calf can movéy/flgethe end of the

first day. Maternal care generally lasts for 1 to 2 years. Females reach sexual maturity
around three years of age and mate around age four or five. Males begin to rut by age three,

but do not reach full sexual maturity until six yeald (MukasaMugerwa, 1981).

2.1.4 Domesticatiorof camel

Camel dromedary warst domesticated in the Arabian Peninsula about 4000syago
(Ojoudand Kamel 2009 Karkar, 2011).ts close connection with Arab history and culture,
made it to be callethe Arabian camg[Bornstein, 1990). Thdomestication may have been

in southern Arabia, the Bactrian in central Asia around 2,500 BC (MtMagarwg 1981;

Bulliet, 1990; Scarre, 1993). To be more specific, the dromedary camel domestication was
in the regon, now known with the country Yemen, while the Bactrian camel was believed to

be domesticated in the historic town of Bakhdi in the Zoroaster's time. It is believed that
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before the introduction of dromedary camel in historic country of Bakhtaria, ormlyi&a

or Bakhdi camel was found (Karkar, 2011).

The dromedary camel is native to theddle Eastand theHorn of Africa (dry and hot
deserts) while theBactrianinhabits theCentral Asia(cold areas) (Karkar, 2011amel
came a little late in the record of animal domesticatiomk&ma 2011).

2.1.5 Relationship with Humans:

The evertoed ungulates are of more economic and cultural benefit than any other group of
mammals Encyclopedia Btannicg 2008). The camel today is essentially a domestic
animal of pastoralists and agropastoralists. However camels are found even in areas of
permanent cultivation, i.e; desert oases, along the Nile in Egypt or in Indian and Pakistani
villages (Nowak1991).Camel is a multipurpose domestic animal that remains central to the
subsistence, economic and social livelihoods of pastoralists in the Ni\jgea semiarid

zone (Abdussamaet al., 2011).

2.1.6 Population and Geographic range/ Habitat:

The dronedary camels are much more numerous than the Bactrian camels, and they
constitute about 90 per cent of the ge@asnelusin the world. There are about 12 million

of Onehumped camels in the world, and more than 80 per cent are found in Africa, in more
than 18 countries, constituting an important part of the domestic livestock population
(Bornstein, 1990).Dromedary camelsccupy arid regions of the Middle East through
northern India and arid regions in Africanost notably, the Sahara Desert. They have also
been introduced to arid regions of central Australia where some of the only feral populations
now persist (Nowak, 1991)The Bactrian inhabits theCentral Asia(cold areas) The
introduction of the dromedary camel, in most countriedjnked with the Arab Muslim
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preaxhers(Karkar, 2011).The introduction of the camel into northern Nigeria could have
occurred due to caravan trade links between the Sahara and Sokoto, Katsina and Kano in
northern NigerigBlench, 1999) Dromedary camel exists in considerable number in semi
arid and savanna regions of Nigeria. Pastoral groups that originate from the Niger Republic

own most of the camels in northern Nigeria (Blench, 1999).

The main breeders of the camel are the pastomlpgrfrom Niger, but are also found in
Borno, Yobe, Kano, Jigawa, Katsi, Sokoto, Kebbi, and Zamfarates of northern Nigeria
(Abdussamadet. al., 2011). Smaltscale camel breeding is, however, undertaken by
individual indigenous farmers in northern Mrga (Blench, 1999). Some local farmers also
keep camel largely as a draught animal for land preparation during the rainy season and for
transportation of farm produce during harvest period or for transportation of other goods to

and from village marketsApdussamaet. al.,2011).

Working bull camels are being used further south every year. Male camels are being brought
further and further south into the centre of the country as portage stock. There seems little
doubt that this rather dramatic changeelg driven by the changes in the environment. As
human population has expanded, land between farms available as a grazing resource has
decreased. The cattle population has also grown, putting ever greater pressure on pastures.
In many areas of the semiid zone, only browse plants remain and some of these are
unavailable to any species except camels (Blench, 1999). Camels are specialized in eating
browse and can ingest foliage from thorn trees and other armed plants. The environmental
degradation of vegation and the spread of thorns and woody plants give camel, which can

digest these plants, a comparative advantage (Abdussnad2011).
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Figure 2.1: DISTRIBUTION OF CAMELIN NIGERIA (Blench 1999)
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2.1.7 Gross Anatomy and Characteristics ahe Dromedary Camel

Camel dromedary ian animal specie that is anatomically and physiologically adapted to
water and food restrictions and to an excessively hot climate. It can survive in an incredibly
harsh environment (up to 70°C), that is lethal toather species (animal) (Ouaghd
Kamel 2009). Camel can store water in all its body compartments (intracellular,
extracellular, blood, GIT etc). Every organ has the extraordinary capacity to store water

(Karkar, 2011).

Dromedary camelare characterized by a single hump, laogved neck, and deeparrow
chest. The hump is made up of fat bound together by fibrous tissue, as food storage durin
lack of food. The size of the hump varies with the nutritional status of the camel, becoming

smaller and leaning to one side during times of starvation (Ké&tdéefson, 1991).

Dromedaries are usually lightown or sandy brown in color, however, caltton can range

from almost black to nearly white. Hair length is longer on the throat, shoulder, and hump
areas (KohleRollefson, 1991).

Male dromedaries, in comparison to females, are about 10% heavier, adult weighing 400
750kg, and are about 10cm talk shoulder height, measuring 1.8.15m.Similarly, it is

well known for its feats of endurance, a 750kg camel can carry 450kg luggaigeahielto

travel at 16km/h for up to 18hours nonstop (Sreiwal., 1992). The Dromedary camels
have a total 084 teeth, with a dental formula of 1/3; 1/1; 3/2; 3/3 (KofRetlefson, 1991).

The feet of dromedaries are psldaped and adapted for traveling on sand. They can be
easily injured on sharp stones and are uabléfor slippery or muddy conditiong.he lips

of dromedary camelare thickened to allow eating of rough, thorny plafkohler-
Rollefson, 199}

11


http://animaldiversity.ummz.umich.edu/accounts/Camelus_dromedarius/
http://animaldiversity.ummz.umich.edu/accounts/Camelus_dromedarius/

Furthermore, male dromedaries have a specializedabfediverticulum of the soft palate
called the "Dulla". It enlarges on filling with air from the trachea until it hangs out of the
mouth of the camel and comes to resemble a pink ball. Copious saliva turns to foam
covering the mouth as the male gurgles and makes lilmetalinds. It use# to assert
dominance, in courtship to attract females. This occurs in only thénuunped camel

(Kohler-Rollefson, 1991Abu-Zidana,et. al, 2017).

2.2 Endocrine Glands

Despite the differences in their functions the endocrine gldra& certain common
characteristics: they are ductless glanthat secret their secretiombrectly into the
intercellular and perivascular connective tissue spaces from which they reach the circulatory
system. The endocrine glands are abundantly enrifteédsinusoids; a thin walled vessels
intimately associated with parenchymal cells, whose secretory products (hormones) pass
directly into the circulatory system (Bacha and Bacha, 2000). Hormones are the chemical
substances named beac@umearnd flhea puleBy. Aitho r an
The circulating hormones regulate the functions of cells in general or that of specific tissues

or organs, referr@dlo98jo as At arget organso

The functions of the endocrine system are intimately linkedydinated, and sometimes
even integrated with nervous systedellman, 1993 The endocrine glands include the
pituitary gland, thyroid, parathyroids, adrenal glands, hypothalamus, thalamus, islet of
Langerhans of the pancreas gland, enterochromaffie aethe gastrointestinal epithelium,
ovarian follicles of the ovary, corpus luteum, pineal gland, thymus, and interstitial cells of

testis Ojo, 1987 Bacha and Bacha, 2000).
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2.2.1 Gross organization of mammalian thyroid gland
The gross anatomy of thytbgland of onehumpedcamel revealed that the glarsllocated
near the firsring of trachea, and consist two lobes, with an isthmus connecting the lobes

to each other. The colour of théagd s reddish brown (Kausand Shahid2006).

Ahmadpanahand Yousefi(2012) reported that the thyroid gland of dnenped camel is
composed of two lobesyhich are positioned each on the lateral surfaces of the trachea. The
right lobe is located slightly cranial to the left one lying on the caudal aspect lafyh,

while both lobes are connected together by isthmus on the ventral surface of trachea

(Ahmadpanahand Yousefi2012).

In a morphometric studpy Kausarand Shahid 200§ and Ahmadpanahiand Yousefi
(2012)revealed that the values of the thyroldrgd in adult ondhumped camel ranges from
45-55kg for weight, 3.5 6.5cm for length, 2 4cm for widthand 0.1i 1cm for thickness
However, female adult dromedary camel has a little bit higher values of the thyroid gland in
the above mentioned variablesspecially weight and width, with the exception of thickness
which is invariabl§ Ahmadpanahi and Yousef2019. The statistical analysis revealed non
significant difference in various morphometric parameters between the juvenile and adult
age groups. bwever, the values were relatively higher in adult camels compared with

juvenile group(Kausar and Shahid, 2006)

The thyroid gland lobes in cattle, sheep and dog are asymmetric in position (Mc Donald,
2003). In horse the thyroid lobes are connected bynaisthmus (Dyceet. al.,2002. In rat

andmouse an isthmus is located at the caudal end of the lobes (Ingbar, 1985).

13



The thyroid gland weight varies between domestic and wild animals and it depends on the
size and weight of the animal (Little, 1991helweight of the thyroid gland was found to be
relatively higher in female than in maWistar rats. However, the weight difference was not
statistically significant (Capen and Martin, 2003). Both female and male adult Wistar rats
contained a similar DNA quantity. There is sexual dimorphism in thyroid gland of the
Wistar rats, which dependmpon a difference in the mean volume of thyroid follicular cells

with the males having larger cells than the females (Capen and Martin, 2003).

In humans, thyroid gland develops as pharyngeal outgrowths that migrate caudally to their
final position, in theanterior neck, as embryological development continues (Detla.,

2010). Itis a large, unpaired gland, positioned in the anterior neck, below and lateral to the
thyroid cartilage. The thyroid gland lies deep to the stéwywd and sterndhyroid muscles
located anteriorly in the neck at the level of the C5 to T1 vertebrae (MoordDalley

2006). According tdSingh (2006) human thyroid gland consists of two symmetrical lobes
united by an isthmus which lies anterior to the second, third and foadhetl rings. The

lobes lie on either side, or anterolateral, of the larynx and trachea, extending from the
oblique line of the thyroid cartilage to the sixth tracheal rikgpdre and Dalley 2006;

Singh 2006),andweighs about 25g. In addition to its pwapsule, the gland is enclosed by

an envelope of pretracheal fascgngh 2006).

In the adult human, the entire thyroid gland weighs around 15 ¢p(BQrtis and Ashwood,
2001). Each lobe measures approximatelycnQin length, 2.@&m in thicknessrad 2.5cm

in width (Burtis and Ashwood, 2001).

The thyroid gland, highly vascular, is supplied by superior and inferior thyroid arteries.

These vessels lie between the fibrous capsule and loose fascia $heatd and Dalley
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2006). Usually the firdbranches of the external carotid arteries, the superior thyroid arteries
descend to the superior poles of the gland pierce the pre tracheal layer of deep cervical
fascia and divides into anterior and posterior branches supplying mainly the supermr
aspect of the glandVjoore and Dalley 2006). The inferior thyroid arteries, the largest
branches of the thyroervical trunks arising from the subclavian arteries, run supero
medially, posterior to the carotid sheaths to reach the posterior aspectthgrthé gland

and supply the postero inferior aspect, include the inferior poles of the diue( and
Dalley, 2006). The right and left superior and inferior thyroid arteries anastomose
extensively within the gland, ensuring its supply, while providpwential collateral
circulation between the subclavian and external carotid artdviesré and Dalley2006).

In approximately 10% of people, a small unpaired thyroidea ima artery arises from the

brachiocephalic trunk or the aortic arélqore and Dalley2006).

The gland is drainetty three pairs of thyroid veingsually fornming a thyroid plexus of
veins on the anterior surface of the thyroid gland and interior to the traktoeae( and
Dalley, 2006). The superior thyroid veins accompany the superiovithgrteries they drain

the superior poles of the thyrogdand, the middle thyroid veirdo not accompany but run
essentially parallel with the inferior thyroid arteries, they drain the middle lobes. The usually

independent inferior thyroid veins dralmetinferior polesNloore and Dalley2006).

The lymphatic vessels of the thyroid gland run in the interlobular connective tissue, usually
near the arteriesMoore and Dalley 2006). From there, the vessels pass initially to
pharyngeal, pre tracheal andrp tracheal lymph nodes which drain in turn to the superior
and inferior deep cervical nodesl@gore and Dalley 2006). Laterally, lymphatic vessels

located along the sepior thyroid vein pass directlio the inferior deep cervical lymph
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nodes. Some lymphatvessels may drain into the brachiocephalic lymph nodes or thoracic

ducts Moore and Dalley 2006).

The nerves of the thyroid gland are derived from the superior middle and inferior cervical
sympathetic gangliaMoore and Dalley2006). They reach thdamd through superior and
inferior thyroid per arterial plexuses that accompany the thyroid arteries. These fibers are
vasonotor, not secretor motor. Thegause constriction of blood vessels. Endocrine
secretion from the thyroid gland is hormonally regedaby the pituitary gland{oore and

Dalley, 2006).

2.2.2 Histological organization of mammalian thyroid glands

The mammalian thyroid gland is surrounded by a thin capsule of connective tissue and
divided into lobules by thin trabeculae (Bacha and Ba@@®®0). The trabeculae are
continuouswith sparse intralobular connective tissue that contains numerous sinusoids
(Bacha and Bacha, 2000). In the pig and cow the connective tissue is abundant. Each lobule
consists of numerous follicles of various sizes that are frequently filled with c@Baiha

and Bacha, 2000). The follicular cells vary in height, depending on the state of activity of
the follicle. Their appearance changes from squamous or low cuboidal in the resting stage to
cuboidal or columnar in the active stage. In an active foltioée periphery of the colloid
adjacent to the apical surface of the follicular cells is vacuolated. In an inactive follicle, the
colloid has a smoother peripheral surface and vacuoles are not present (Bacha and Bacha,

2000).

Parafollicular cells or C d¢is occur among the follicular cells and between them. They are

larger and have a paler cytoplasm than the follicular cells. Their nuclei are relatively large
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and pale. They occur usually singly, but may also appear in groups. In dogs, parafollicular

cellsoccur particularly in abundance (Bacha and Bacha, 2000).

According to Kausaand Shahid2006) the histology of the thyroid gland of the native
dromalary camel in Pakistan consigifa connective tissue capsule and trabeculae which
extend from the gasule into the substance of the gladigjding it into lobules. Each lobule

consisted of two sized follicles in variable numbers, the large and small.

The large follicles were lined by low cuboidal epithelium, while the small follicles were
lined by highcuboidal to columnar epithelium (Kausand Shahid2006). The follicular
epithelium of the thyroid gland of the chemped camel consisted of a single type of
epithelial cell which varied from flattened to columnar in shape (Atbjial, 1999). The
follicles had colloid material in their lumen, probably an apocrine secretion from the lining
epithelial cells. The parafollicular or-€ells were absent in thyroid glands of camel (Kausar
and Shahid2006; Rejelet al., 2011). However, Ahmadpanadmd Yousé (2012) reported

that thyroid gland contained follicles, follicular epithelium and parafollicular (C) cells in
microscopic examination; and that the parafollicular cells were about 5% of the cell

population.

The size of the thyroid follicles is highly variable in camel dromedary; they are larger for
adult onehumped camel, especially during the summer. Follicles on the periphery are larger

than central ones (Rejeh. al.,2011).

According to Rejelet al., (2011) the age is significant in morphometric measurement of the
cells, the largest follicular surface area was recorded for animals of the age above 15 years

( 6 8 7 3 N 8);%He snsalest value corresponded to animals between the age \&@#ns5
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(@boutpuerty age) 9, 4vbile drdkedai cameh less than 3 years (juvenile

age) were intermediate WiR<®MO5a mean value of

2.23 Hormones of the Thyroid Gland

The follicular cells produce two main thyroid hormones, thyroxine (T4) and triodothyronine
(T3). The functional unit of the thyroid gland is the thyroid secretory follicle (Laeta,

2008), in which thyroid hormone is synthesized first by iodide afigation and then by
iodothyronine formation (Taurog, 1986) to form T4 and T3. Although other iodothyronines
are formed, their biological functions appear to be limited (Chan and Singer, 1993). The
major secretory product of the thyroid gland is T4. @fuating T3, only approximately 15

T 20% is directly secreted by the thyroid and the remainder is derived fesipheral
conversion of T4 td'3 by monodeiodination (2). The process of monodeiodination of T4
can lead to the production of either active T3 or inactive reverse T3 (rT3) (Céteain

1979; Berryet al., 1991).

Thyroid hormones are found in all tissues of the body and exert their effect on growth and
development as well as a complex series of metabolic, thermoregulatory, and specific organ
functions (Chan and Singer, 1993) through the binding of T3 to a nuclear receptor that
regulates and modulates specific gene transcription (Sterling, 1979). The haimeos
control of release of thyroid hormones is controlled through feedback mechanisms by the
glycoprotein thyrotropin (thyroid stimulating hormone, TSH) secreted by the anterior
pituitary gland. Both T4 and T3 on the pituitary thyrotroph affect the releb3SH. The
secretion of TSH by the pituitary is regulated by the thyrotropin releasing hormone (TRH)
(Chan and Singer, 1993), which is a tripeptide released by the hypothalamus. TRH
stimulates the release of TSH by the pituitaFize thyroid gland alssecretescalcitonin

hormones by the parafollicular or C cells which lower blood calciojo, (1987.
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The highest concentrations of thyroid hormones were observed for dromedary camel
between the agef 3 to Syears while the lowest was observed in oldieomedary above

15 years (P<0.05). Highest and lowest serum concentrations were0.80 (S.E.M)

Pmol/l and 12.64+ 0.30 (S.E.M) Pmol/l, 5.70+ 0.11 (S.E.M) Pmol/l and 3.80+ 0.11
(S.E.M) Pmol/l, and 0.25 0.01(S.E.M) miU/l and 0.0% 0.01(S.E.M) miU/l for T4, T3

and TSH respectively (Rejett al., 2011).

2.3  Gross and histological organization of mammalian parathyroid gland

The parathyroid glands are classified as internal and external. Those that are adjacent to or
embedded in the thyroid gland are the internal parathyroids. The external parathyroids lie a
variable distance away from the thyroid gland. The parathyroid glarelsurrounded by a

thin capsule of connective tissue, which may be absent where the glands are deeply
embedded within the thyroid gland. A stroma of connective tissue is well developed in the

pig and cow, but is sparse in other mamn(@kcha and Bach2000).

The parathyroid glands, in oieimped camel, are situated on the dorsal border on the
cranial pole of the thyroid gland. It is located as separate parathyroid structure from the
architecture of the thyroids (Metwallgt. al., 2006). Each is surrowdled by a capsule of
connective tissue. Its parenchyma is highly vascularized (Metvedllyal, 2006). The
parathyroid gland in camel is mainly identical in histological structure to other mammals
(Nagpalet. al, 2001). It is identical to histology of phyroid glands of goat and cow (Roy

et. al.,1999; Charlegt. al, 2000).

The parenchyma of the parathyroid gland consists primarily of clusters and cords of
principal or chief cells (Bacha and Bacha, 2000). In many studies it was reported that

mammaian parathyroid gland contains two types of celle principal cells (or chief cells)
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and the oxyphil cell§Ojo, 1987 Dellmann, 1993Bacha and Bacha, 2000; Feher,et. al,

2004; Singh, 2006). There are two different functional stages gdrtheipal cell. The light
principal cellis inactive and has a large, pale nucleus and pale, acidophilic cytoplasm. The
dark principal cellis a smaller, active cell with a small, dark nucleus and a deeply
acidophilic cytoplasm. In the sheep and goat,tlig#ils tend to be located peripheral to the
more central, dark cells. In the other domestic mammals these cells are distributed randomly
(Bacha and Bacha, 200@jowever some describethree types of principal cells; light, dark

and clear cellg(inactive (light) and active (dark) formsjOjo, 1987 Dellmann, 1993

Fleischeret. al, 2004; Singh, 2006).

The Oxyphil cells are large cells with an acidophilic cytoplasm and pyknotic nucleus (Bacha
and Bacha, 2000; Singh, 2008hey have been reported éccur in small quantity in the
horse and cow, particularly older animéBacha and Bacha, 200@pxyphil cells do not
occur in the parathyroid gland of the dog, cat, rat, and mantentilears of ageQjo, 1987

and Dellmann, 1993 The oxyphil cells areot present in human fetal parathyroid gland
(Fleischeret. al, 2004). They first appear in late childhood and increase in number
following advancement in age often forming nodules in parathyroid of older person
(Fleischeret. al., 2004). Oxyphil cells @ absent in chicken and many species of lower

animals (Fleischest. al, 2004).

The parathyroid secretes parathormone which regulates the level of calcium and
phosphorous in the plasm®j6, 1987. Hence the dands are essential for life in most

animalsand human (EEoghby, 2004Bensley, 2007)

In mammals andolwer species of animal it havedn reported that the oxyphil cells contain
glycogen particles and free ribosome, granular endoplasmic reticulum, Golgi apparatus and
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secretary granule which amoorly developed, suggesting that oxyphil cells of normal
parathyroid do not have an active function in the biosynthesis of parathyroid hormone
(Capen and Martin, 2003). In most mammals there is a higher oxidation and hydrolytic
enzymes activity in the obi cells than in the oxyphil celiNakanishiet al, 2004).The

functions of the Oxyphil cells are not known (Singh, 2006).

In humans, most peopleave four parathyroid glandsight and left superior parathyroid
glands, and right and left inferior pargthid glands). Approximate|y50% of people have

more, while some have two glands (Moore and Dalley, 2006). The superior parathyroid
glands are more constant in position than the inferior ones which are usually at the border of
the cricoid cartilage (Moorand Dalley, 2006). The superior parathyroid glands usually lie
slightly more than one centimeter superior to the point of entry of the inferior thyroid
arteries into the thyroid gland. The inferior parathyroid glands usually lie slightly more than

one cetimeter inferior to the inferior thyroid artery entry point (Moore and Dalley, 2006).

The parathyroid glands are small flattened oval in shape and usually lie external to the
thyroid capsule on the medial half of the posterior surface of each lobetaiytb&l gland,

or inside its sheath (Moore and Dalley, 2006).

The glands are supplied by the inferior thyroid artery which provides the primary blood
supply to the posterior aspect of the thyroid gland where the parathyroid glands are located
(Moore and DHey, 2006). However they may also be supplied by branches from the
superiorthyroid arteries; the thyroidma artery or the laryngeal, tracheal and esophageal
arteries. Parathyroid veins drain into the thyroid plexus of veins of the thyroid and trachea
(Moore and Dalley, 2006). Lymphatic vessels from the parathyroid glands drain with those
from the thyroid gland into deep cervical lymph nodes and Para tracheal lymph nodes
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(Moore and Dalley, 2006). The nerves supply of parathyroid gland is derived froondthyr
branches of the cervical sympathetic ganglia (Adolffaller and Schiinke, 2004). Like the
nerves to the thyroid, they are vasomotor nathan secretomotor because thetands are

hormonally regulated (Moore and Dalley, 2006).

2.4  Gross and histologcal organization of mammalian adrenal glands

The Adrenal glands or suprarenal glands are two in number; right and left, found resting on
the superior p@ of the kidneys (Dellmann, 1993jo, 1987. The pairechdrenal glandare
situated close to the anterior end of the kidneys (Bacha and Bacha, 2000). Tireayeaed
endocrine organs located in retroperitoneal space along the medial cranial poles of the

kidneys in most mammals (Prasaud Sinhg 1981; Rosokt al, 2001).

But in onehumped camel they are near the cranial pole not resting on top but towards the
medial border of the kidney (Nabipoet. al, 2008). The glands were embedded in fat. The
right gland is more cranial than the left. The right gland of dromedangica reported to

be approximately bean shaped; whereas the left gland is almost triangular (Nabibur

2008). In other mammals left gland often is larger than the riQid, (1987 Dellmann,

1993.

In humans, the adrenal glands are located between the superomedial aspect of the kidneys
and the diaphragm, where they are surrounded by connective tissue containing considerable
amount of fat (Moore and Dalley, 2006). Despite their name, they are septioatethe

kidneys by a thin septum. The shape and relations of the glands differs on both sides (Moore
and Dalley, 2006). The pyramidal right gland is more apical situated over the superior pole)

relative to the right kidney. The crescent shaped leftdglaimmedial to the superior half of
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the kidney and is related to the spleen, stomach, pancreas and lift cross of the diaphragm

(Moore and Dalley, 2006).

The glands are covered by a capsule of dense irregular connective tissue that sometimes
contains smoothmuscle. Clusters of epithelioid cortical cells occur in the capsule. Thin

trabeculae project partially into the parenchyi®adha and Bacha, 2000)

Each adrenal gland is organized into two parts the peripheral cortex and a central medulla
(Bacha and Bacha200Q Moore and Dalley 2006). These parts have different
embryological origin and different functions (Moore and Dalley, 2006% gland, in most
animals, is surrounded by a connective tissue cap§likeita and Murakami2003) A
macroscopic @ss section of the gland revealdtat it consists of distinct outer part or
cortex and an inner portion called the med(@faasadet. al, 1981;0jo, 1987 Dellmann,

1993 Rosolet al., 2001). In ruminants and swine, the cortex is flesh colored and cream or
light yellow. In equines, dogs and cats, the medulla of the gland is reddish brown due to the
presence of blood flow in the medullary veins (Gelbetrgal, 2000). The adrenal coeix
consists of 3 zones: Zona glomerulosa, Zona fasciculataZama reticularis (Ojo, 1987,
Dellmann, 1998 The adrenal cortex is divided into four zones; zonas glomerulosa,
intermedia, fasciculate, and reticularis (Bacha and Bacha, 2000). In gun#dzegigrtex is
divided into three zones (without intermedia zone) (Cabyal, 1992), as well as in rats

(Mooget al, 1998), and in buffalo and in some otheammalgBanks, 1993

The zona glomerulosa or zona multiformis is the outermost zone. lcathe/ore, horse,
and pig the parenchymal cells of this region are columnar and arranged into arcs. In the
horse the columnar cells are especially tall. In ruminants the zona glomerulosa contains

polyhedral cells that form irregular clusters or cqiBlacha and Bacha, 2000).
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The zona intermedia are seen more often in the horse and carnivore than in other domestic
mammals. It lies between the zoglamerulosa and the zona fasciculdtaconsists of small,

closely packed cellBacha and Bacha, 2000).

The zona fasciculata is the widest zone loé tortex (Bacha and Wood, 199@nqueiraet.

al., 1995;Bacha and Bacha, 2000Zona fasciculata forms 60% of the cortex (Hussein,
2003). It is formed by radially arranged cords of cuboidal or polyhedral cellscorts are

one or two cells thick and separated by sinusdd@xlia and Bacha, 2000rhe cytoplasm

of the cells in this zone frequently appears foamy because of the presence of numerous lipid

vacuoles (Bacha and Wood, 1990; Junquetral., 1995;Bachaand Bacha, 2000

The zona reticularis is the innermost zone of the adrenal cortex. It is arranged as an irregular
zone of the adrenal cortex. It is arranged as an irregular network of anastomosing cords of

cells surrounded by sinusoids. (Bacha and Ba20@0)

The human histology of the adrenal cortex is made up of the cells arranged in cords.
Sinusoids intervene between the cords. On the basis of the arrangement of cells the cortex is
divided into: The outer most layers called the Zona glomerulosa&. ¢é#lis are arranged as
inverted Ushaped formation. This zone consists of one fifth of the cortex (Singh, 2006).
The next layer is Zona fasciculata. Here the cells are arranged in straight columns, two cells
thick. Sinusoids intervene between the coluniitss layer forms the middle three fifth of

the cortex (Singh, 2006). Zona fasciculata in humans is 65% of the gland (Juedquatra

1995). The innermost layer of the cortex that is the inner one fifth is called the Zona
reticularis It is so called loause it is made up of cords that branch and anastomose with

each other to form a kind of reticulum (Singh, 2006).
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With the light microscope the cells of the Zona glomerulosa are seen to be small, polyhedral
or columnar with basophilic cytoplasm and deegtlyining nuclei (Singh, 2006). The cells

of the zona fasciculata are large polyhedral with basophilic cytoplasm and vesicular nuclei.
The cells of the zona fasciculata are very rich in lipids. These cells also contain considerable
amount of vitamin C. (Bigh, 2006). The cells of the zona reticularis are similar to those of
the zona fasciculata but the lipid content is less. The cytoplasm is eosinophilic. The cells

often contain brown pigment.

The adrenal medulla is composed mostly of columnar or polyheth@maffin cells, which

form clusters and anastomosing cords separated by sinusoids. In domestic manmals
outer and inner zone of the medulla can often be distinguished. The former consists of
larger, more darkly stained cells, while the latter coistaimaller, more lightly stained cells.
Ganglion cells, either individually or in clusters, are scattered through the medulla.
Projections of the zona reticularis may appear within the medulla, because the cortex and

medulla interdigitate at their junctigBacha and Bacha, 2000).

In the human adrenal glanithe medulla is made up of groups of cellsich are separated
by wide sinusoidsThese ells are columnar and have basophilic cytoplasm (Singh, 2006).

They are considered to be modified postgangliogimgathetic neurons (Singh, 2006).

According to Mooreand Dalley(2006), human embryological development shoved the

adrenal cortex is deriveflom mesoderm and secretes corticosteroids and androgens. These
hormones cause the kidneys to retain sodinthwaater in response to stress, increasing the
blood volume and blood pressure. They also affect muscles and organs such as the heart and
lungs (Moore and Dalley, 2006). The cells of the zona glomerulosa produce the
mineralocorticoid aldosterone and deoxoosterone. These hormones affect the electrolyte
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balance in the body. The cells of the zona fasciculata produce glucocorticoids cortisone and
cortisol (Singh,2006) These hormones have wide effects including carbohydrate
metabolism and protein metabatis Cells of this zone also produce small amount of
androgen (Singh, 2006). Cells of the zona reticularis also produces some glucocorticoids and

sex hormones both oestrogen and androgen (Singh, 2006).

The adrenal medulla is derived from neural crest cei®@ated with sympathetic nervous
system. The chromaffin cells of the medulla are related to sympathetic ganglion cells in both
derivation (neural crest cells) and function (Moore and Dalley, 2006). These cells secrete
epinephrine into the blood streamresponse to signals from presynaptic nerves (Moore and
Dalley, 2006). The powerful medullary hormones epinephrine and norepinephrine activate
the body to a fight or flight status in response to traumatic stress. They also increase heart
rate and bloodnessure, dilate the bronchioles and change blood flow patterns, preparing for
physical exertion (Moore and Dalley, 2006). The secrete noradrenalin and adrenalin into the
blood (Singh, 2006). This secretion takes place mainly at stress (fear) and rsults in
widespreadeffects similar to those of the stimulation of the sympathetic nervous system(

e.g., increase in heart rate and blood pressure) (Singh, 2006).

The hormones of adrenal cortex are among the most potent substances available to the
animal aad are necessary for the minance of life Qjo, 1987 Dellmann, 1998 They

enable the animals to function in a constantly changing environment (Bacha and Wood,
1990). Total adrenalectomy led to deaththin few weeks Qjo, 1987 Dellmann, 1998
Adrenalectomized animals are unable to withstand stressful conditions such as exposure to
cold, toxins or trauma and changes in the environment that may have no great effect in

normal circumstances may be fatal to the ani®#,(1987 Dellmann, 1998
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The hormones secreted by the adrenal cortex are: mineralocorticoids (aldosterone, and
deoxycorticosterone), which are secreted by the zona glomerulosa, and affect the salt and
water balance. Glucocorticoids (cortisone and hydrocortisone) are secreted by zona
fasciculata and affect carbohydrate metabolism. The Zona reticularis secretes. The medulla

secretes adrenalin (the same as sympathetie sgnapses) and noradrengl@jo, 1987%.

The maximum response of the animal to stressful conditions in the environment is possible
by activation of these glands amide mechanism of their hormoné®jo, 1987 Singh,

2006)

In humans the blood supply to these glands is profusely and from thmeesolhe aorta
(one or more middle suprarenal arteries), the inferior phrenic artés(@@erior suprarenal
arteries), and the renal artery (one or more inferior suprarenal arteries) (Moore and Dalley,

2006).

The venous diaage of the adrenal glandslarge suprarenal veiwhich drains into the
inferior vena cava, whereas the longer left suprarenal vein, often joined by the inferior

phrenic vein empties into the left renal vein (Moore and Dalley, 2006).

The suprarenal lymphatic vessels arise from tegys deep to the capsule of the gland and
from one in its medulla drain the glands of lymph (Moore and Dalley, 200@se glands

have rich innervations from the adjacent celiac plexus and the greater thoracic splanchnic
nerves. These pregangliorsgmpathetic fibers pass through thieum and synapsen the

cells in the medulla. The suprarenal cortex receives only a vasomotor nerve supply (Moore

and Dalley, 2006).
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CHAPTER THREE

Materials and Methods

3.1 Experimental Animals

Thirty (30) onehumped camels, comprising fifteen J1males andifteen (195 females,
between theages 1-5, 610 and above 10 years, representing juvenile, adult, and old ages
respectively wre used forthe study. Thecamgll anddos t i s swee®btained be s

from the Kano Abattoir.

An introduction letter was issued from the Department of Human Anatomy to the Veterinary
Department of Kano State Ministry of Agriculture and MindRaksources for pmission to
carry out the procurements of the tissues. The permission was granted and we received

maximum cooperabtn and assistance throughout pnecuremerd

Physical examinations were carried out on each cab@eminutesprior to slaughterby
Veteinarians attached to Veterinary Department of Kano State Ministry of Agriculture.

Only apparently healthy camels were used for this stBtitd€3.1).

The age of the animals wadstermined according to their dental formulae, as described by

Faye(1997).
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Plate3.1: How theOnehumped Camelwere inspected whegoing to Slaughter House
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3.2 STUDY DESIGN

The animals werdalivided into 3 groupsf 10 animalsin each groupfor the study as

follows:

Group A constituts 10onehumped camels (fhales and5 femaks)agel between 1 to 5

years old.

Group B congitutes 10onehumped camels (Bhales and5 femaks) agel between 6o 10

years old.
Group C congitutes 10onehumped camels (fales and5 femaks) agel above 10.

3.3HORMONAL ASSAYS

Blood samples were collectedthe point of slaughter via the jugular vein at the neck (Plate
3.2) into bottles containingethylene diamine tetra acetand centrifugd at 10,000 rmp for

10 min, the resultingolood serum were usal for hormonal assays for thguantitative
determindéion of Thyrotropin (TSH) Triodothyronine T3), and TetraiodothyronineTé)
concentrationgn Onehumped camel serum by a MicroPlate Immunoenzymetric assay
The hormonesvere assayed usintree differenELISA Kits; the T3 ELISA kit, T4 ELISA

kit as prescribed by INTECO Diagnostic, UK, ISO 13485 accredited com(panghased
from NAZO Medical Diagnostic Services No. 13 Winfunke Olowe Crescent, Off Lagos/
Abeokuta Express Way, Lagos stas)follows:For Thyrotropin (TSH) ELISA the reagents
were prepared by washing the buffer concentrate to 1000ml with distilled or deioraizrd

in a suiable container and stored at room temperaturé (20C). The Working substrates

were prepared by preparing 1 +Hfixture of Substrate A and Substrate B, and were used
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immediately after preparation. Before the test, all the reagents serum references were

brought to room temperature (R@7°C)

The test procedures were:

X

The microPl atesd wel | serunweefeeencef and manelt e d
specimen to be assayed in duplicate. All unused microwell strips were replaced back
into the aluminum bag and store a8°Z.

0.050ml (50ul) of the appropriate serum reference or specimen into the assigned well
0.100ml (100ul)of the TSH Enzyme Reagent was added to each well. NB: It is very
important to dispense all reagents close to the bottom of the coated well.

The micrglate was swirgdgently for 2030 seconds to mix and cover

Then it was incubated for 60 minutes at roomgerature

The contents of the micptate were discarded by decantation. Plete was tapd

and blot dry with absorbent paper

300 ul of wash buffer was added and decanted (taped and blotted). This was repeated
twice, for a total of three (3) washes.

0.1 ml (100 pl) of working substrate solution was added to all wells. The reagents
were added in the same order always to minimize reaction time differences between
wells.

It was incubated at room temperature for fifteen (15) minutes.

Stop solution of 0.05eI (50 ul) was added to each well and mixed gently feRQ5
seconds.

The absorbance was read in each well at 450 nm (using a reference wavelength at

620-630 nm to minimize well imperfections) in a microPlate reader.

The result was read within thirty@8minutes of adding the stop solution.

31



For Thyroxine (T4) and Triodothyronine (T3) quantitative concentration determination
The reagents were prepared as follows:

x The working reagents A= TEnzyme conjugate solution and-E&zyme conjugate
solution werediluted 1:11 with total (T3/T4) conjugate buffer in a suiTable
container. And was used immediately

x Wash buffer: The content of wash concentrate was diluted to 1000ml with distilled
water.

Working substrate solution was prepared 1 + 1 mixture of subgtratel substrate B. Use
immediately after preparation. Enough quantities were prepared. Before proceeding with the
assay, all the reagents, serum concentrations were brought to room temperature.

The complete test procedures were:

x The micrgpl at e s wWerevoerlatted for each serum reference (T4 and T3), and the
camel specimen to be assayed in duplicate. All unused microwell strips were
replaced back into the aluminum bag and store8i€C2

x 0.025ml (25pl) of the appropriate serum reference or specivees pipeted into the
assigned well, for T4. While for T3 is 0.050ml (50 pl)

x 0.100ml (100ul) of working Reagent A, T4/ EE®izyme conjugate solution were
added to each well.

x  The microPlate was swirl gently for :8D seconds to mix and cover

x  Then it was incubated for 60 minutes at room temperature

x  The contents of the microPlate were discarded by decantation. The Plate was tap and
blot dry with absorbent paper

x 300ul of wash buffer was added and decanted (taped and blotted). This was repeated

twice, for a total of three (3) washes.
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x 0.100ml (100 pl) of working substrate solution was added to all wells. The reagents
were added in the same order always to minimize reaction time differences between
wells.

x It was incubated at room temperature fieén (15) minutes.

x To stop solution 0.050ml (50 ul) was added to each well and mixed gently-20 15
seconds.

x The absorbance was read in each well at 450nm (using a reference wavelength at
620-630nm to minimize well imperfections) in a miptate reader

The result was read immediately, within thirty (30) minutes of adding the stop solution.
The hormonal assaywere carried out in the Chemical Pathology Department of the
Ahmadu Bello University Teaching Hospital, Shika, Zaria, Kaduna State.

3.4 DISSECTION OF THE ENDOCRINE GLANDS:

After the camelsvere slaughtere(Plate3.2), the skin of the animal was reflected. Then, the
neck detachedP{ates3.3 and 3.4)the upper part of the respiratory track as well as the
associated organs were separated semoved intact from the heavy muscles of the
posterior neckFlate3.5). Incision wasmadesagitally,through the muscles of the anterior
neck, specifically sternthyroid muscles. This exposed the thyroid cartilage, cricoid
cartilage, tracheal ringsnd the thyroid gland. The pictures of the thyroid glands, wi¢h th
related structures, were taken situ. The thyroid glands wereemoveal, and the
morphological and morphometric studies were dom&ing sensitivedigital weighing

balancedigital verniercaliper, and immediately figd in 10% neutral buffered formalin.

The parathyroid glands were located around the thyroid gland, hence were removed along

with the thyroid,the morphological and morphometric studies were dagirg sensitive
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digital weighing balance digital vernier caliperand immediately fird in 10% neutral

buffered formalin.

The camel 6s abdominal region was dissected
a lateral incision in between the border between the thoracic and abdoegiwets and
accessed the viscera (PI8té). Pictures were taken to view the adrenal glandgur(Plate

4.29) Other pictures were taken after removing the viscera out of the camel, and fats were
removed. The righadrenal gland wakcated between theght kidney andhe liver. The

right adrenal glands was removelde morphological and morphometric studies were done
using sensitivadigital weighing balancedligital vernier caliperand fixed immedately in

10% neutral buffered formalinyhile some inpotassium dichromatgor chromaffin special

reaction study). The letidrenal gland wa®ecated between theft kidney and the spleen. It

was removed,weighed using sensitivadigital weighing balance, anfik ed immedately in

10% neutral buffered formial, while some in potassium dichromate
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Plate3.2How camel is being slaughteradKano AbbatoirgA young camel being slaughtejed
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Plate3.3: How the skin waslissected

36



Plate3.4: TheHead and Nechkf the Onehumped cameklerecut from the body
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Cricoid cartilage ternthyroid muscle

thyroid isthmus

Plate3.5: Sagital incision at the anterior h'm)kposed the neck musclasdreflected theventral structures (trachgethe
esophagus and the related musulese seen
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rder between Thoracic and Abdominal regions

Bo

Plate3.6: To access the glandscat on theborder between the thoracic and abdominal regiast madeo remove the viscera
and the glands
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3.5 GROSS ANATOMICAL STUDIES :

Morphological studies The dandswere observe grosslyto determine the shape, color,

surfaces, borders and angles. The glameiethenphotograpkdin situ (Plate 4.1)

Morphometric Studies: The weights of the glands wembtained immediately after
dissection, and linear measuremefttheir width, thickness and lengiveretaken as shown

in Plate3.7 using digital venier caliper.
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Plate3.7: Taking the length measurement of one of the thyroicslaegiag digital vernier
caliper
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3.6 HISTOLOGICAL STUDIES

The glandsvere preparedor stardard histological study usingagmatoxylin and eosin (H

and E) for light microscopy, accordingBancroft and Gamblé&008.

The tissues were taken goossing room of th®epartmenbf Histopathology, Aminu Kano
Teaching Hospital (AKTH). Then the tissues were cut and mounted lamksp and
processed foH andE techniqueshrough the following procedures:

Sampledrom theglands were dehydrated in two changes of graded series of ethanol (70%,
80%, 90%, 95% and 106). The gradual process was employed to prevent the tissues from
sudden shrinkages of the tissue which could distort the cells and consequently alter the

results.

The tissues were transferred into two changes of Xylene for two hours for clearing process.

The tissue were then infiltrated with molten paraffin in an emipgdmold and an oven set

at 60c

Tissues were allowed to solidify to obtain a homogenous mass containing embedded tissues.

The embedded tissues were then mounted on the blocks.

The mounted hicks were then affixed into a rotator microtome and trimmed intaldai
sizes(5u) before sectioning. The tissues were then transferred into a water bath of warm

water.

Clean glass tubes coated with almwere used to pickoating tissues from the water bath
and kept in a clean and dry place. The slides were then passed through three changes of
Xylene for compete removal of wax. They were then dehydrated by passing them through

two changes of alcohol, starting from abselalcohol, followed by graded alcohol (70%,
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80%, 90%, 95% and 100%) for two hours. The tissues were then stained with haematoxylin
and eosirstain for 25 minutes. The stained tissues were placed under gently running water
to wash off. Following proper stang the tissues were again dehydrated by passing them
throughtwo changes of graded alcoh@0%, 80%, 90%, 95% and 100%) for two hours.

The tissues were then cleared in Xylene. DPX was used as a mountant to mount the tissue
on the slides. The mounteggsiues were covered with cover slip and allowed to dry. The
stained slides were examined using binocular light microscope at different magnification
(X40, X100, X250 andX400). Photomicrographaf the slideswere takerusing Amscope

digital camera attachad computersystem via USB

3. 7HISTOCHEMICAL STUDIES

For histochemical studigghe tissue blocks fixed using 10% neutral buffered formalin and
prepared for H and E slides were used. In castybid gland and parathyroid glangs
tissue blocksvere sectioned and stained witPeriodic Acid Schiff (PAS) special stairto
demongrate glycogen and glycoprotein. The thyroid and adrenalin tissue blocks were also
sectioned and stained with Acid Hydrolysis Azure A technique special stains specifically to
denonstrate Ccells in thyroid. The hydrochloric acid in the solution hydrolysis precedes
staining with Azure A and suppresses basophilia due to nucleis asd any acid mucins
present Adrenalin secretin cells of the adrenal medulla are also stain toyiagalegree
(Cook, 1974). The adrenal glatidsue blocks were also sectioned and stained Alttian
bluespecial stains to show mudimthe adrenal cortefBancroft and Gamble, 2008).

Some adrenal glandissues were fixed with potassium dichromatdéixative for the
demonstration of the chromaffin ce(Bancroft and Gamble, 20Q8)he fixation lasted for

24 hours after which tissaevere processedissues were washed in water and oxidized in

5% chromic acid for one hour after whitheywere washed in running water for one to two
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minutes. Tissues were then treated with godium bisulphate to remove the chromic acid.
Tissues were then washed in wafer 5 minutes after which they werglaced in
methylamine gver for about three hourst 60C. Tissues were then toned in @ 2jold
chlorine solution for about two minutes then rinsed in distilled water. After which tissues
were placed in % sodium thiosulphate for two minutes and were washed in running water
for two to three minutessedions of tissues were obtained and were counter stained with
0.2% acetic acid. Finally, sections were dehydrated, cleared and mounted in DPX.

Slides were studied on the binocular light microscope Olympus at different magnifications
(X40, X100, X250 andX400). Photomicrographsf slideswere takerusing a microscope
armscope digital camera attached to a computer system via USB

3.8STATISTICAL ANALYSIS

Datawereexpressed as mean * standard errahefmean Independent sampletestwere

used to analysthe differences imorphometric variables between rightdeft lobes othe
thyroid and right and lefadrenal glands, as well as between the superior and inferior lobes
in the right and left sides of parathyroids within each of the gro8pwilarly, the
differences between male and femalere determined within grouwp A, B, andC.

Comparisorwere alsalone betweenll males and femalsregardless of their age

Pearsof <orrelation analysis wascarried out betweemorphometric measurements of
weight, length and width of the glands with the concentration of the hormbmekevel of
significance was set a<P.05. The statistical analysis was darseng student package for

IBM SPSS versio20.0
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CHAPTER FOUR
RESULTS

4.1 THYROID GLAND
4.1.1 Gross Anatomicaktudies
Gross studies of the thyroid gk of the ondhumped camel indigenous to northern Nigeria
showed that it waa pairedlobe organ locatedn the lateral surface of the trach&dafe
4.1). The two lobes were joined togethemégrior poleby an isthmusvhich passes on the
ventral surface of the third €8 to fifth (5 tracheal rings. It has lengthy lobes that extend
from lower boardepf the cricoid cartilage (CC) and up to the fiftd"(racheal ring Plate
4.1).
The glands were seen as reddish brown ordliased.1). The thyroid gland lobes appeared
triangular, and like a long shield in shap#late4.2). The isthmus is thin dnelongated
(Plate4.1). The blood supply is from superior, middle and inferior thyroid arteries as shown

in Plate4.3, which are direct branekfrom the external carotid or common carotid artery.
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Plate4.1: The thyroid gland and parathyroid glands of indigenous Camel dromedary. Note the location of thellsttiraus (
right thyroid lobe RTL), left thyroid lobe L TL ). Note also the left s@pio parathyroidLSP) gland, left inferior
parathyroidLIP ), and left middle parathyroid MP ). TR1 denoted the first tracheal ringR2 second tracheal ring,
TR3 third tracheal ringTR4 fourth tracheal ring, an@R5 fifth tracheal ring
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Plate 4.2: The shape of the thyroid lobe (left) of indigenous—bumed camel is triangular
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Pl ate 4.3: Blood supply to the thyroid and parathyroid glands; showing branches of right common carotid artery
(RCA); inferior thyroid artery ITA ), middle thyroid arteryNITA ), and superior thyroid artery
(STA) in indigenous ondaumped camel. dte Right Superior ParathyroidRSP), Right Inferior
Parathyroid RIP) and Superior Thyroid ArterySTA).
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4.1.2 Morphometric Studiesof the Thyroid gland

The study showed thahe morphometric variables expressedtss meanplus /or minus
standard error of mean of tiaeight, length, width and thicknesn thefemale one-humped

came| among group A, between the age 4 years(juvenile), were: 34.48+3.64 g 77.76
2.99mm, 29.03 £ 1.0%nm, and 11.93 .51mm respectivelyTable 4.1). The mean of the
weight, length, width, and thickness of the malee-bomped camel, among group A
(uvenile), were also presented in Table 4.1. The mean of the weight, length, width, and
thickness in male, between the ages 5 to 10 years (young adult or grouwer®)
45.64:5.01mm, 93.187.93mm, 41.386.12mm, and 21.35.05mm respectively(Table

4.1). Those of the female adult of the same group B were also presented (Table 4.1). The
adult female ondaumped camel, above the age of 10 years, among the group C, in the study,
showed that the meaof the weight, length, with, and thickness were: 44.443.91 mm,
86.64+ 5.28 mm, 29.8% 1.24 mm, and 11.46 0.40mm) respectively (Table4.1), while
thoseof males in the same group @t@ownalsoin Table4.1.

The differences in the morphometric values of weight, lengththweahd thickness of the
thyroid gland in ondhumped camel, between male and female within groupva&
determined and the result showed that there was sexual dimorphism in theofethgtioid

gland ofthe onehumped camel significantly longer femalethan the malgjuvenile age)
(Table 4.1) In theadult the result showed there was differences in the morphonvedues

of weight, length, width, and tbkness between the males and females which vaas
significant. There was sexual dimorphism in th@ckness of the thyroid gland between
males and femalsin group C, constituting orleumped camel above ten (10) years of age,

with that ofthe male thicker than that of the female (Table 4.1).
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The differences in the morphometric variables were complaetdeen all the male and
female in all the groups, regardless of their age, the result showed that there was no
statistical significant difference (Table 4.2).

The thyroid glands have two lobes and the difference in morphometric variables between the
lobes in each group was determined and the result showed that the differences were not
significant.

Correlation between the thyroid gland morphometric variables (weight, length, width, and
thickness) and the concentration of Thyroid Stimulating Hormone (TSH),
Tetraiodothyronine (T4), and Triodothyronine jTBormones were also determined and
showed that the correlation was highly significant (at P<0.01), between weight and length,
weight and width, length and width, width and thickness, weight and Triodoihgr¢T3)
hormone, and between the Tetraiodothyronine (T4) and Triodothyroning(TaB)e 4.4,

Figure 4.1, 4.3 and 4.4). The correlation was also significant at P<0.05 between the

thickness of the thyroid gland and tetraiodothyronine (T4) hormone (Table 4

4.1.3 Hormonal Assay:

The concentrations of the Thyroid Stimulating Hormone (TSH), Tetraiodothyronine (T4),
Triodothyronine (T3) hormones were in group A femalere foundto be 9.69 +8.43
plu/ml, 7.11+ 0.36 ug/dl, and1.92+ 0.17 ng/ml, respectively (Table 4.5), and that of male

in the same group A is shown (Table 4.5). In group B maleTiBE, T4, and T3
concentrationsvere: 7.62+ 4.45ulu/ml, 8.21+0.57 pg/dl, and1.76+0.24ng/ml, respectively
(Table 4.5), while that of the female, in the same group B, is shown also in Table 4.5. The

hormonal concentrationf TSH, T4, and T3 in group C female at6.40+8.12 plu/ml,
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6.25+0.74 pg/dl, and 1.22+0.14 ng/ml respectively (Table 4.5). The male hormonal
concentrations in the group C are shown in the same Table 4.5.

The differences of the concentrations of the TSH, T4, anoetiBeen the males and females
within each of the groups (A, B, and C) were determinadl faund notto be statistically
different.

However, correlation analysis have shown strong correlation (P<0.01), of T4 and T3
hormones between all the groups (A, B, and C), regardless of their sex (Table 4.4, Figures

4.3 and 4.4)
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Table 4.1 Morphometric Mean values(+ SEM) of thyroid gland of the one-humped camelwithin the
groupsA, B, and C.

GROUP A GROUP B GROUP C
Mean + SEM Mean + SEM Mean + SEM
VARIABLES Female (n=5) Male (n=5) Female (n=5) Male (n=5) Female (n=5) Male (n=5)
Weight () 34.48+ 3.64 27.04+4.39  49.09+6.97 45.64+5.01 44.44+3.91 53.30+7.02
Length (mm) 77.76+ 2.99** 65.63 +4.51 89.55+3.50 93.106+7.93 86.64+5.28 86.90+6.26
Width (mm) 29.03+1.05 25.06 £+2.62 37.71+1.66 41.30+6.12 29.80+1.24* 35.20+1.39*

Thickness (mm)  11.93 +0.51 11.14+0.95 14.27+1.14 21.10 £5.05 11.40 +0.40 10.80 £ 0.97

Analysis byStudentsT-test between Female aithle Onehumped Camel among the age groupata wa expressed in mean
standarcerror of mean (SEM) of values collected.

*=P< 0.05 (difference is significant between male and female)

**= P< 0.0Xdifference gynificant between Mleand Female)
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Table 4.2 Morphometric mean valueg+SEM) of mean of thyroid gland of theone-humped camel differences
betweenmale andfemale in allthe groups (A, B, and C) regardless of their age

Mean + SEM
Variables Female (n=15) Male (n=15)
Weight (g) 42.673.16 41.99+-4.20
Length (mm) 84.65+2.54 81.89%+4.64
Width (mm) 32.18+1.27 33.85+2.76
Thickness (mm) 12.54+.52 14.35+2.06

Analysis byStudentsT-test between Female amdiale Onehumped Camel in all the age groupata is expressed in mean
standard eor of mean (SEM) of values collected.
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Table 4.3 Comparison between right and left lobes dhyroid gland in indigenous ane-humped camel within each of the
groups (A, B, and C)

Mean + SEM
Group A Group B Group C
Right Lobe Left Lobe Right Lobe Left Lobe Right Lobe Left Lobe

Variables (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Weight (g) 14.43+1.41 15.37+1.54 24.06+2.91 22.99+157 24.17+1.96 24.66+2.28
Length (mm) 70.82+3.26 72.58+3.76 92.59+4.85 90.08 +3.95 85.30+3.74 88.10+4.67
Width (mm) 28.66+1.95 25.42+1.43 33.56+1.51 4521 +6.01 33.10+1.54 32.40+1.485
Thickness (mm) 11.88+0.68 11.20+0.53 1394 +0.96 21.49+5.60 11.00+0.683 11.00+0.730

Analysis bystudentsT-test between right and left lobes of thigt gland within eaclage groupData is expressed in mearstandard
Error of mean (SEM) of values collected.
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Table 4.4 Correlation of thyroid gland morphometric variables and hormone concentrations of TSH, T4, and T3

Variables Length Width Thickness TSH T4 T3 (ng/ml)
(mm) (mm) (mm) (plu/ml) (ng/dl)

Weight (g) 0.655 0.528 0.211 -0.353  -0.193 -0.494"
Length (mm) 0.812" 0.665 -0.295 0.085 -0.251
Width (mm) 0.847 -0.289 0.212 -0.142
Thicknesgmm) -0.211 0.378 0.022
TSH (plu/ml) -0.291 0.130
T4 (ug/dl) 0.558
T3 (ng/ml)

Pearson Correlation

*= Correlation is significant at the P<0.05 leveltédled).
** =Correlation is significant at the P<0.01 levetled).
TSH = Thyroid Stimulating Hormone

T4= Tetraodothyronine

T3= Triiodothyronine
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Table 4.5 Mean valueg+ SEM) of hormonal concentrationsof thyroid hormones (thyroid
function test) of the one-humped camel within the Groups A, B, and Cto determine sexual dimorphism

Mean + SEM
GROUP A GROUP B GROUPC
VARIABLES Female (n=5) Male (n=5) Female (n=5) Male (n=5) Female (n=5) Male (n=5)
TSH (plu/ml) 9.69+8.43 9.07+6.86 -1.45+0.25 7.62+4.45 15.40+8.12 -1.00+ 0.69
T4 (pg/di) 7.11+0.36 7.71+057 7.80+0.63 8.21+0.57 6.25+0.74 6.41+0.53
T3 (ug/dl) 1.92 +0.17 8.21+0.57 2.34+0.59 1.76+0.24 1.22+0.14 1.04+0.09

Analysis by ttestto determine sexual dimorphism @nehumped Camel among the age gro(#sB, and C) Data is
expressed in meanstandard Error of mean (SEM) of valusdlected.
*= P< 0.05(Significant between Male and Female)
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Figure 4.1Scattergram graph showing strong correlation between the Weight of thyroid gland
against the concentration of Triodothyronine (TB)te the relationship is inverse.
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Figure 4.2 Scatter gram graph showing strong correlation between the weights of thyroid gland
against the respective age in groups of the aniNal® the line is straight upward (directly proportional) then it
becomes constant
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Figure 4.3: Scatter plot graph showing correlationagfe withT3 concentratios
Note the correlation between thgiodothyronine (T3) and theAge are inversely proportional
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Figure 4.4: Scatter plot graph showing correlation of T4 concentration to T3 concentiaditerthe correlation between the
Tetraiodothyronine (T4), andTriiodothyronine (T3) is directly proportional.
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4.1 .4Histological and histochemical studies of the thyroid gland
Group A of the study comprisedf ten (10) indigenous oreumped camsl(with equal number of

female and mald)etween the age of 4 years (juvenile age).

The resul of the histdogy and histochemical studies mgeas follows:

The result of H&E stainethyroid glandtissue sliderevealed that the thyroid gland tissue is
surrounded by a thioapsuleof connective tissue, whidhvade the parenchyma and provide
a passagdyy thintrabeculagfor therich capillary plexuksinusoids Plate4.5), anddivided

it into lobules (Plates4.4, 4.5, and 4) The sinusoids were seen more prominent and
numerous in female of group A than in male of the same group (caPlpdéest.5 and 4.6).
This intralobular connective tissumnsists of numerousllicles of various sizegPlate4.4)
that filled with colloid (Plates4.4, 4.5, and 4)6 with biggerfollicles situatedtowards the
peripherymore in female of group A than in the malRdgte4.4). The shapes of the follicles

were raind, oval and irregulaiP(ate4.4).

Each follicle is made up aimple follicular epithelialcellsthat encircld it (Plates4.4, 4.5,
and 4.6) andconsist ofparafollicularcells as well Plate2). Thefollicular and parafollicular
cells rest on ¢hin basal lamingbut areseparated from the thirabeculae thagurrounds the
follicles/ lobules Plate4.5). Follicular cells of neighboring follicles may come into contact
with each other and disrupt the continuity of the basal lammkaseen within the follicles/

lobules, and more prominent in male than in femélgroup A(comparePlates4.4 and 4.p

The follicles are mostly inactivendfilled with colloidsandhadsmoother peripheral surface

of the folliclesin both male and female of group(Rlates4.4,4.5, and 4.5 The follicular
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cellsare low cuboidal in shap®lates4.5 and 4.5 and with very few vacuolated follicles

seen only at the peripheiry female Plate4.4).

Parafollicular cells or C cellsccured among the follicular cells and between th@Ptates
4.5 and 4.6)They werdargerand have @aler cytoplasnthan the follicular cellsandoccur

singly, and in grouplates4.5 and 4.5 This is virtually the samin both female and male

Special histochemical studies revealed that the colloid in the follicles were nega®ieeadic Acid
Schiff (PAS) The PAS slides dichot stained different from the H&EP(ate 4.8). No difference

between the sexes of the same group.

A special histohemical technique was used in order to differenciate parafollicular cells from the
follicular with some degree of certainty, aAdure A Acid Hydrolysis was utilized which deeply

stained the parafollicular cells purple blidate4.8)
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Plate 4.4: Photomicrograph of the thyroid gland tisgiieansverse Sectionpf female
indigenous ondhumped camel ajroup A, showingthe basic structures of the
thyroid tissues. Note theapsule Cp). Follicles of differentsizes Large follicles
(LF) at the periphery, and small follicleSK) surrounding the Colloid&C). The
vacuolegV) in some colloidsyacuolization of the colloiddH&E x 40).
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Plate 4.5: Photomicrograph of thyroid ghd tissué€Transverse Sectionpf female indigenous
onehumped camel of group.Aote the Follicular cellsH) laying on basal lamina
(BL), and the Parafollicular cell®F). There arelots of sinusoids §) around the basal
lamina BL) (H&E x 250).

64



\%

Plate 4.6: Photomicrograph of thyroid gland tiss(leansverse Sectionpf maleindigenous
onehumped camel in group A. Note the follicles surrounded by
follicular cells §), filled with colloids C). Theparafollicularcells PF) here
appeared in groups and sometimes in between the follicular cells. The vacuoles
were little. The basal laminaBL ) upon which the follicular cells rest also
separated thillicles (H&E x 250).
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Plate 4.7: Photomicrograph of thyroid gland tiss(lengitudinal Section) of male
indigenous ondaumped camel in group A. Note thelloid (C) within the follicles

(FI) reacted negative to the Periodicid Schiff (PAS) reagent (PAS X00).
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Plate 4.8: Photomicrograph of thyroid gland tiss(ie®ngitudinal Section)of maleindigenous one
humped camel in group A, demonstrating plaeafollicular cell{Pf) that stained purple
blue well with Azure A A Hydrolysis technique (Azure 450).
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Group B of the study consists of ten (10) equal number of female and male indigenelusnoned

cames between the age of 30 yeargyoung adult).

The result of the histology study is as follows:

The result 6 the thyroid glandtissue slide stained with ldematoxylin &Eosin (H&E)
revealed that the tissue is surrounded by ac¢hpsuleof connective tissue, whicimvade

the parenchymand provide a passagey thin trabeculae for the rich capillary plexus
sinusoids Rlate4.9), anddivided it into lobules which contain follicles Rlates4.9 and
4.10. The sinusoids were seen more prominent and numerous in female of group B, but it
was also presentin males of the same groupP(ates4.9 and 4.10). There afellicles of
various sizegPlate4.9) with somdilled with colloid, while somevacuolated (Plate4.9).

The follicles with vacuoles were, mostlyiggeroccupied more than half the tissue from

the periphery in male of group B than in the fem&lates4.9 and 4.1 There are vacuoles

in the follicles scattered more in female than in male. Most of the bigger follicles at the
periphery are empty or vacuolated in male of theugr8 (Plate4.9). The shapes of the

follicles were raind, oval and irregulaP(ate4.9).

Each follicle issurrounded by simpltllicular epithelialcells (Plate4.9), which consist of
parafollicular cells as well(Plates4.9, 4.10 and 4.)2 The cells rest on ahin basal
lamina, but areseparated from the thimabeculae that surround the follicles/ lobulBsate
4.9). The follicular cells ofthe neighboring follicles may come into contact with each other
and disrupt the continuity of the basaminaandmay beseen within the follicles/ lobules,

andaremore prominent in femadghan in male of group B(Plate4.9).
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The follicular cells aremore columnar in shape in femaMhile thoseof males are more
cuboidal in shapeR(ate4.9 and 4.10).Some of the ells show some level of apoptosisd

is more prominent in female than in makdgte4.10).

Parafollicular cells or C cellsoccured among the follicular cells and between th@Phates
4.10 and 4.12 They wee larger and have galer cytoplasm than the follicular celland

occur singly, as well as groups(Plate4.9 and 4.1p

Histochemical studies revealed that the colloid in the follicles were negatexitmlic Acid Schiff
(PAS) (Plate4.11) The PAS slides didot stained different from the H&E. No difference was seen

between the sexes of the same group.

A special histochemical technique was used also, in order to differenciate parafollicular cells from
the follicular cells, to achieve certaintzure A Acid Hydrolysis was utilized which deeply stained

the parafollicular cells purplé>(ate4.12)
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Plate 4.9: Photomicrograph of thyroid gland tiss(ieongitudinal section) of male
indigenous ondhumped camel in group. Blote almost hiof the tissue was
vacuolatedthe vacuolegV) within the follicles, the basd&mina(BL) upon which
thecellsrested, sinusoi€S) of blood capillariegH&E x 100).
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Plate 4.10: Photomicrograph of thyroid glarissue(Transverse gction) of femaleindigenous one
humped camel in group B. The thyroid cells are showing some leapbptosis(A). Some of
the follicles were filled with colloids while some where vacuolaBidis the basal
lamina upon which the follicular cells lied.

(H&E x 400)
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Plate4.11: Photomicrograph of thyroid gland tiss{lengitudinal section) of maleindigenous one
humped camel in group B. Collo{@) contained within the follicled) reacted negative
to the Periodic Acid Schiff reage®AS x150).
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Plate 4.12: Photomicrograph of thyroid gland tiss(iengitudinal section) of Male
indigenous ondumped camel igroup B. Note how the parafollicular ce{Rf)
nuclei were clearly and deeply stained purple blue by the Azure A acid hydrolysis
technique, while the follicular cells were irregular and poorly stained (nucleus not
clear)(Azure A x450).
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Group C of the study consists of ten (10) equal humber of female and male indigeneusnoned

camel above the age of 10 years (old adult).

The result of the histologicatudy is as follows:

The result 6the thyroid glandissue slide stained with Heamatoxylin and Eosin (H&E)
revealed that the tissweas surrounded by a thirapsuleof connective tissue, whighvade

the parenchyma and provide a passdgethin trabeculae for the rich capllary plexud
sinusoids Plate4.13) anddividedit into lobules (Plates4.13, 4.14, 4.15, and 4.1@lood
vessels, specifically arteries, were seen more prominent and numerous in male of group C
(Plate4.13). They havéollicles of various sizescatteed (Plates4.13 and 4.14)Most of

the follicles werevacuolated (Plates 4.13, 4.14, 4.15and4.16).The vacuoles are relatively
more in male (comparBlates4.13 and 4.14)The shapes of the follicles wereura, oval

and irregularlates4.13 and 4.1y they are more irregular in malelétes4.13 and 4.14).

Each follicle issurrounded by simpl®ollicular epithelialcells (Plates4.13, 4.14, 4.15 and
4.16) and consist ofparafollicular cells as well(Plates4.14 and 4.16 The follicular and
parafollicular cells rest on dhin basal laming but are separated from the thimabeculae

that surrounds the follicles/ lobule®létes4.13 and 4.14)The fllicular cells of the
neighboring follicles may come into contact with each other and disrupt the continuity of the

basal laminand seen within the follicles/ lobuléBlates4.13 and 4.1%

Some of hefollicular cells look columnar while some look cuboidal in shape bofarrale
and male Plates4.14 and 4.16).Some of the cells are undergoiagoptosisin both male

and femalePRlates4.14 and 4.16).
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Parafollicular cells or C cellsoccur among the follicular cells and between th@tates
4.14 and 4.16 They werdarger and have galer cytoplasmthan the follicular cellsand

occur singly, as well as groups(Plates4.14 and 4.16

Histochemical studies revealed that the colloid in the follicles reacted negatReritalic Acid
Schiff reagen(Plate4.15. The PAS Kdes did not stained different from the H&E. No difference

was seen between the sexes of the same group.

A special histochemical technique was used also, in order to differentiate parafollicular cells from
the follicular cells, to achieve certain#zure A Acid Hydrolysis was utilized which deeply stained

the parafollicular cells purpld(ate4.16).
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Plate 4.13: Photomicrograph of thyroid gland tiss(leansverse sectionpf male
indigenous ondnumped camel in group C. Note the spreadaaioles (V)all
over the tissue in the follicles. The follicles were formed by follicular cet} (
and parafollicular cellsRc), and contain colloidSd), mostly vacuolated\). The
follicular cells c) were based on basal lamirigL() in this tissue were mostly
bathed with sinusoidsS| or blood capillaries all over the tissue in these group
(H&E x 100).
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Plate 4.14: Photomicrograph of thyroid gland tiss(feansverse gction) of femaleindigenous one
humped camel in group C. Note the follicles, the follicular céit3 §howing a little of
apoptosign), the parafollicular cellsR). The follicles have vacuole¥} (H&E x 250).
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Plate 4.15: Photomicrograph of thyroid gland tiss(feéansverse €ction) of male indigenous one
humped camel in group C showing vacuolaiéjifpllicles. The colloids ) were
negatively stained to Periodic Acid SchifAS x100).
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Plate 4.16: Photomicrograph of thyroid gland tiss(igéansverse sectionpf maleindigenous ondaumped camel in group C.
Azure A Acid hydrolysisstained the parafollicular cel{®c) deep purple blue. Note the nuclei of the parafollicular
cels (Pc how they stand outclearly from the follicular cells (Fc) nuclei @Azure A x 400).

79



4.2.0Parathyroid Gland

4.21 Gross Anatomy and morphological studies

The parathyroid glands were found usually to be two pairs of glands situated around both the
right and left thyroid gland lobes, namely right superior parathyroid, left superior
parathyroid,right inferior parathyroid, and left inferior parathyrolgte4.17). However,

right middle parathyroid glands and left middle parathyroid glands were seen in some of the
specimen animals interchangeably, embedded into the thyroid gland, internaligngasit
(Plate4.17). Most of the superior and inferior parathyroids are external glands positioned

some little distance from the thyroid glariRlgte4.17).

The glands were seen as light/ pale brown orgRtetg4.18). They appeadelike a little

thyroid gland,triangularin shape, roughlyRlate4.18).
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Plate4.17: The left superior parathyroidP), left middle parathyroidlMP ) and left
inferior parathyroid (1P ) glands situated around the left thyrgidnd (TG).

Note the left superior parathyroid glarid5f) here was positioned anteriorly,
thetracheqT) and the esophagu®)y.
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Plate4.18: Thepictureof the parathyroid thyroid gland of indigenous dmenped camel is roughly
triangularin shape
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4.2.2 Morphometric Studies of the Parathyroid

The study showed thd@he morphometric variables expressedtss meanplus /or minus
standard error of mean of thweeight, length, width and thicknesd the right superior
parathyroid glands thefemale onehumped camel among group A, between the age4l
years(juvenile), were: 0.41+0.08 g 1857+0.35 mm, 6.69+ 0.67 mmand3.59+ 0.25 mm,
respectively(Table 4.6). The mean of the weight, length, width, and thickness of the right
superior parathyroid, right inferior parathyroid, left superior parathyroid, left inferior
parathyroid in the male and female dnemped camels, between the aged Years
(juvenile age), otherwise called group A, were also presented in Table 4.6. The mean of the
weight, length, width, and thickness of the right superior parathyroid gjlanthe mals,
between the ages 5 to 10 y®dadult), otherwise called group, Bere:2.07 + 0.31 g,
62.51+15.58mm, 52.21+7.08 mm, and ¥.82+11.33 mm, respectively(Table 4.6). Those of

the female adult of the same group C were also presented, and the right inferior
parathyroid, left superior parathyroid, left inferior parathyroid both in thesaalé female
(Table 4.6). The adult female echemped cams| above the age of 10 years, among the
group C,in the studies, showed that the mednhe weight, length, width, and thicknee$

the right superior parathyromere:0.31 + 0.07 g 7.36 + 1.33 mm, 5.16 + 1.56 mm, and
0.82+ 0.29 mm, respectivelyTable4.6), while thoseof males in the same groymnd the

right inferior parathyroid, left superior parathyroid, left inferior parathyroid both in both the
sexes is presented in the Table 4.6

The differences in thenorphometric values oiveight, length, width, and thickness of the
thyroid gland inindigenousonehumped camel, between msbend femals, within group A
were determined and found that sexual dimorphism in the weight of the right inferior

parathyroid gland in both the maland the femakwere significant at th&<0.05 (Table
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4.6). It was ao significant at the P<0.05 on the weight of the left inferior parathyroid, in
both mals and female (Table 4.6). The differences in the length of the right superior
parathyroid was significant at P<0.05 in both maed femals (Table 4.6). The lengtbf

the right inferior parathyroid in the femaleshow significant differenseat P<0.05, as well
(Table 4.6). The width of the right inferior parathyroid differences were significant in both
the male and female at P<0.05 (Table 4.6). Similarly, the wddferences on the left
inferior parathyroid in both femadeand mals were significant at P<0.05 (Table 4.6). The
thickness of the right gerior and inferior parathyrojdn both the make and femals,
differences were significant at P<0.05 (Table 4.6).

In group B, it is only in the vdth that sexual dimorphism showsignificance, being highly
even at P<0.01 in the female right superior parathgreitiile in the mals wereat P<0.05
(Table 4.6). The left inferior parathyraicilso showd significance differencgin the width

at P<0.05 in both the femaland the male(Table 4.6).

In the group C althe morphometric variables showed significant differences between the
sexes within the groups (Table 4.6).

The differences in the morphnetric variables were compared between all the srahel
femalesin all the groups, regardless of their age, and it showedt thvas only the width of

the right superior parathyroid that wagnificant differenceat P<0.05, in both the male
and femals (Table 4.7.

The differences oimorphometric variablebetween all the right parathyroid glands and all
the left parathyroid glands were determireedl the study showed that the differences are
significantonly at the weight of the superior parathyroldrgls at p<0.05 in both the right
and left of group A (Table 4.8), and weight of inferior parathyroid glands in both the right
and left of group B (Table 4.8). The length differences is also significant in the inferior
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parathyroid of both the right and teh group A, being highly significant with p<0.01 (Table
4.8). Lastly is the thickness which the difference was significant in the inferior parathyroid

on both the right and the left of group C at p<0.05 (Table 4.8)
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Table 4.6. Morphometric values and sexual dimorphism within each group of the indigenous oAe u mp e d

parathyroid gland

Mean %
Std. Error Mean
Group A Group B Group C
Female Male Female Male Female Male

Variables (n=5) (n=5) (n=5) (n=5) (n=5) (n=5)
Weight RSP (g) 0.41 +£0.08 0.95 +0.03 1.89 £+ 0.54 2.07+£0.31 0.31 +0.07 0.98 + 0.37
Weight RIP (g) 1.36 + 0.04* 0.49+0.26* 0.87 +0.30 0.40+0.21 0.51+0.17 2.19+0.83
Weight LSP (g) 1.17 £0.40 1.36+0.31 2.38+0.93 1.20+0.18 0.65 +0.28 0.67 £ 0.18
Weight LIP (g) 1.11+0.08* 0.63+0.16* 1.18+0.43 1.54+0.41 1.50+0.57 1.08 + 0.59
Length RSP (mm) 18.57 £ 0.35* 25.71+2.35* 34.32+2.8 62.51 + 15.58 7.36 £1.33 15.20 + 4.65
Length RIP(mm) 27.04 £0.87* 16.96+4.10 16.66 +.89 39.82 +12.04 17.34+3.94 28.42 +5.39
Lenght LSP (mm) 22.44 + 2.28 26.98 + 0.64 42.9 +8.07 30.08 + 2.95 13.87 £5.26 15.22 + 2.37
Length LIP (mm) 27.47 £0.32 21.48 +4.12 24.83+3.58 23.56 + 3.33 19.58 +5.56 17.44 +5.59
Width RSP (mm) 6.69 + 0.67 10.08 +1.59 10.75+.48** 52.21 +7.08* 5.16 + 1.56 6.40 + 2.46
Width RIP (mm) 11.60+1.11* 6.02+0.82* 8.80 +£0.79 27.06 £ 10.51 7.60+1.23 11.16 + 1.36
Width LSP (mm) 10.55 + 1.67 10.58 +1.02 11.7+1.05* 7.79 £ 0.82* 5.93+1.70 9.06 +1.95
Width LIP (mm) 1051 +0.93* 7.78+0.57* 9.13+0.93 9.62 + 1.08 6.88+1.65 492+224
Thickness RSP (mm) 3.59 £ 0.25* 6.18 £ 0.45* 4,95+ 0.30 17.82 +11.33 0.82 +0.29 1.62+0.76
Thickness RIP (mm)  6.43 +0.26* 3.60+0.60* 4.27+0.41 5.85+1.94 1.66 + 0.37 3.18 +0.82
Thickness LSP (mm) 5.91 +0.85 5.92 +0.60 7.21+1.09 11.57 +£1.79 1.46 £+ 0.91 1.40 £ 0.40
Thickness LIP (mm) 6.31+0.37 5.07 £ 0.89 4.44 +0.47 6.62+1.17 1.54 +0.44 1.45+1.02

St u d d-tedt @nalysis for sexual dimorphism between the sex within the groups

*= P<0.05
** = P<0.01

RSP= right superior parathyroid, RIP= right inferior parathyroid, LSP = left superior parathyroid, LIP = Left Inferior

parathyroid.
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Table 4.7 Sexualdimorphism betweemmaleandfemaleparathyroid glands all the onehumped camedtudied

Variables Mean # Std. Error Mean

Female (n=15) Male (n=15)
Weight RSP (g) 0.88 £ 0.26 1.33+£0.23
Weight RIP (g) 0.91+0.14 1.03+£0.35
Weight LSP (g) 1.40 +0.38 1.08 £ 0.15
Weight LIP (g) 1.26 £0.23 1.082 £ 0.25
Length RSP (mm) 20.08 £3.11 34.47 +7.42
Length RIP (mm) 20.35 £1.80 28.40 £4.94
Length LSP (mm) 26.41 +4.46 24.09 £ 2.08
Length LIP (mm) 23.96 £2.22 20.83 £ 2.47
Width RSP (mm) 7.54 +0.83* 22.90 £ 6.04*
Width RIP (mm) 9.33+0.72 14.75 + 4.06
Width LSP (mm) 9.39+1.04 9.15+0.79
Width LIP (mm) 8.84 +0.77 7.44 +£0.94
Thickness RSP (mm)  3.12 +0.48 8.54+ 3.95
Thickness RIP (mm) 412 + 0.56 4.21 +0.75
Thickness LSP (mm)  4.86 +0.83 6.30 £ 1.26
Thickness LIP (mm) 410 + 0.57 4.38 + 0.80

*=P<0.05
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Table 4.8 Differences between right and lefparathyroid glands

Mean + Std. Error Mean

Group A Group B Group C
Right Gland Left Gland Right Left Right Left
Variables (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
Weight SP (g) 0.68 £ 0.18* 1.26 + 0.24* 1.98+0.30 1.79+0.49 0.64+0.21 0.66+0.16
Weight IP (g) 0.93+0.19 0.87+0.11 0.64+ 0.19* 1.36+£0.29* 1.35+0.49 1.29+0.39
Length SP (mm) 22.14 £1.63 2471 +1.35 48.41+8.82 36.49+458 11.28+2.63 14.55+2.73
Length IP (mm) 22.00 £ 2.60**  24.47 £ 2.19** 28.24+6.88 24.19+2.31 22.88+3.65 1851 +3.73
Width SP (mm)  8.39 £ 0.99 10.57 £ 0.92 31.48+7.68* 9.74 £0.90* 1.39+0.78 7.49+1.33
Width IP (mm) 8.81+1.14 9.15+ 0.69 17.93+5.83 9.37+0.68 9.38+1.05 5.90+1.35
Thickness SP  4.88 + 0.49 5.92 £ 0.49 11.38+5.76 9.39+1.23 1.22+0.41 1.43+0.47
(mm)
Thickness IP  5.02 + 0.57 5.69 + 0.50 5.06 £0.97 5.53+0.70 2.42+0.49* 1.49+0.52*
(mm)
*= P<0.05
**=P <0.01
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4.2.3Histological and Histochemical Studie®f the Parathyroid:
Group A of the study onsiss of ten (10) equal number of female and matigenous one

humped camslbetween the agef 1- 4 years (juvenile age).

The result of the histologicatudy is as follows:

Haemotoxylin and Eosin (H&E): The parathyroid glands are surrounded by a thin capsule
of connective tissue. It has abundant stroma of connective tis#thebig smooth mudes

all over(Plate4.19.

The tissue of the parathyroid gland consistglastersof principal or chief cells Rlates

4.19 4.20and 421).

There are two different functional stages of the principal cell.lighe principal cell has a

large, palenucleus and pale cytoplasm (described as inactRia}gs4.20 and 4.2L The

dark principal cell is a smaller cell, with a small, dark nucleus and a dark cytoplasm (active
cell) (Plates4.20and 421). The dark cells tend to be located peripheral taribee central,

light cells Plates4.20and 421). The presence of Oxyphil celgas observedPlates4.20

and 4.2}.

The result of histochemical studies showed that the tissue of the parathyroid gland in
indigenous ondaumped camel, reaad negatively to theperiodic acid schiff (PAB(Plate

4.22).
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Plate 4.19 Photomicrograph of Paratyroid gland tissue section (longitudinal) amofentiaéeof
groupA. It showed clusters afark principal cell§DP), thelight principal LP) cellsand the
oxyphil cells OC) andsmooth muscléSM) (H&E x 40).

90



o
_

. s A
Plate 4.20 Photomicrograph of Parathyroid gland tissue section (longitudinal) amofentlaéeof
groupA. Note theDark Principal (DP), and the.ight Principal (LP), andthe Oxyphil cells(OX) with paller and
bigger cytoplasm and Nucle(id&E x 250)
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Plate 4.21 Photomicrograph of Parathyroid gland tissue section (longitudinal) among the rgedej@f
notethe principalcells; thedark principal (DP), andlight principal (LP) packed cords,
while some were scatterethe Oxyphil cells (OC) are showned with paller and bigger
cytoplasm and nucleus&E x 450
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Plate 4.22 Photomicrograph of Parathyroid gland tissue section (Longitudinal) among the rgede:f

A, showingthe principal cells®C) andconnective tissue<(T), but the reaction to PAS is negatiVRAS x100)
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Group B of the study consists of ten (10) equal nunifdemale and maledigenous one

humped camslbetween the ages of-3.0 years (young adult).

Thereallts of the histology study ages follows:

Haemotoxylin and Eosin (H&E) stain

It has abundant stroma of connective tissuigh big smooth muscles all ovéiPlates4.23

and4.24).

The tissue of the parathyroid gland consists of clusters and copmoipal or chief cells
(Plates4.23 and 4.24

There are two different functional stages of the principal cell.lighe principal cell has a
large, pale nucleus and pale cytoplasm (described as inad®atgg4.23 and 4.2¢ The

dark principal cell is a smaller cell, with a small, dark nucleus and a dark cytoplasm (active
cell) (Plates4.23 and 4.2¥ The dark cells tend to be located peripheral to the more central,
light cells Plates4.23 and 4.24 It also has abundant Oxyphil cells, which are large cells
with an acidophilic cytoplasm angyknotic nucleus Plates4.23 and 4.24 There are
abundance of Adipose cellspecially in the male¢mparePlates4.23 and 4.24

The result of histochemical usties showed that the tissue of the parathyroid gland in
indigenous ondaumped camel, reaad negatively to théPeriodic Acid Schiff (PAS) (Plate

4.25. The PAS slides didot stained different from the H&E.
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Plate 4.23 Photomicrograph of parathyroid gland tissue section (longialldamong the

B showingclustersand cords ofight principal cell (LP) anddark principal
cell (DP) andabundanbxyphil cells (OC) andstroma ofvascularconnective tissue
(H&E x 250)

|
female giroup
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Plate 4.24 Photomicrograph of Parathyroid gland tissue section (transverse) among the gnalg& showingclustersand

cords of principatells light principal cell (LP) anddark Principal cell (DP), abundanbxyphil cells(OC), and
meshof vascularconnective tissuéCT) (H&E x 250)
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Plate 4.25 Photomicrograph of Parathyroid gland tissue section (transverse) among the male of Group B
showing the principal cellC), and connective tissu€T), which the reaction is negative to PASAS x100).
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Group C of the study consistof ten (10) equahumber of female and maledigenous

onehumped camslabove the age of 10 years (old adult).

The result of the histologicatudy is as follows:

Haemotoxylin and Eosin (H&E) stain:

It has abundant stroma of connective tissuigh big smooth muscles all ovéPlates4.26

and 4.27.

The tissue of the parathyroid gland consists of clusters and cords of principal or chief cells
(Plates4.26 and 4.2)

There are two different functional stages of the principal cell.ligihé principal cellhas a

large, pale nucleus and palgtoplasm (described as inactiv®ldtes4.26 and 4.2} The

dark principal cell is a smaller cell, with a small, dark nucleus and a dark cytoplasm (active
cell) (Plates4.26 and 4.2) The dark cells tend to be located peripheral to the more central,
light cells Plates4.26 and 4.2)f It also has abundant Oxyphil cells, which are large cells
with an acidophilic cytoplasm angyknotic nucleus Plates4.26 and 4.2} There are
abundance of Adipose cells especially in thadke comparePlates4.26and 427).

The result of histochemical studies showed that the tissue of the parathyroid gland in
indigenous ondaumped camel, reaad negatively to théPeriodic Acid Schiff (PAS) (Plate

4.28. The PAS slides diaot stained different fronthe H&E. No difference was observed

between the sexes of the same group.
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Plate 4.26 Photomicrograph of Parathyroid gland tissue section (transverse) among the fegnalgn6f showing the clusters
of dark principal cells®P) and light principal cellsL(P). Note the oxyphil cells (O) with larger and paler nucleus,
and blood vessel8Y) (H&E x 400).
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Plate 4.27 Photomicrograph of parathyroid glhtissue section (transverse) among the male of Grospdwing the clusters
of dark principal cellsPP) and light principal cellsL(P). Note the oxyphil cells (O) with larger and paler nucleus,
and blood vessel8Y) (H&E x 400)
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Plate 4.28 Photomicrograph of Parathyroid gland tissue section (transverse) among the gnaled,
showing the principal cell$?C), and connective tissu€T), thereaction is negative to PA®AS x100)

o ¥
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4.3.0 Adrenal Glands:

4.3.1Gross anatomy and morphological studies

This study revealed that the right adrenal was found superior medial to the right kidney, not
attachedo it (Plate4.29, but it was found to be attached to the inferior meslimface of

the liver Plate4.29. The left adrenal gland was found to be superior medially dvoay

the left kidney Plate4.29. The right adrenal gland was triangular in sheynde the left

adrenal gland was irregularly oval.
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Plate 4.29 Someof the internal organs showing left adrenal gldo@l Y far above medial to the left kidnelyK ), the
right adrenal glandRA) above the right kidneyRK) but below the inferior boarder of the liver)( far left
is the pancrea@) reflected aside
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4.3.2Morphometry of the Adrenal glands

The study showed that, in felaaof group A, the morphometric variables expressed as the
mean of the weight, length, width and thickness of the right adrenal gland16&i@:1.55

g, 47.80+1.03mm, 37.81+1.86mm, and20.22 +147 mm, respectively (Table 4.11)h&

mean of the weightehgth, width and thickness of the left adrenal gland in the indigenous
onehumped camel were also presented in Table 4.11. The mean of the weight, length, width
and thickness of the right and left adrenal glands of the indigenodsuomged camel were
alsopresented in Table 4.11. Those of the groups B and C were also presented in Table 4.11.
The differences in the morphometric values between the sexes were significant at p<0.05 in
the weight of the right and left adrenal glands, length of right adredalhéckness of left

adrenal gland, in both the male and the female (Table 4.11).
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Table 4.9 Value of adrenal gland usedo determine sexual dimorphism among the groups

Mean + Std. Error Mean

Group A Group B Group C

. Female Male Female Male Female Male
Variables (n=5) (n=5) (n=5) (n=5) (n=5) (n=5)
Weight RG (g) 16.49+1.55* 10.54+1.63* 23.65+1.52 2228+1.26 23.73+1.23 23.44+1.96
Weight LG (g) 16.90+1.69* 7.24+1.4.31* 2223+216 21.71+1.02 2092+1.41 19.76+1.34
Lenght RG (g) 47.80£1.03*  54.71+2.43* 55.14+1.07 57.31+1.87 60.83+4.94 62.70+4.82
Length LG (mm) 42.64+194 37.88+3.18 49.32+0.65 48.95+6.57 45.68+1.28 42.46+2.16
Widht RG (mm) 37.81+1.86 35.33+4.55 39.72+2.16 33.40+253 3751+1.40 29.79+6.95
Widht LG (mm) 35.63+2.31 33.65+ 220 41.71+159 37.08+3.21 37.24+1.25 37.04+1.64
Thickness RG (mm) 20.22+1.47  15.15+1.79 17.52 +0.42 18.64+0.86 13.64+1.35 12.90+0.76
Thickness LG (mm)  18.43+0.79* 15.05+0.33* 17.64+1.20 18.67+0.55 15.44+0.75 13.04+0.85

*=P<0.05

RG = Right Gland of Adrenal
LG = Left Gland of Adrenal
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4.3.3Histological and Histochemical Studiesof the Adrenal glands:

Group A:

The glands are covered by a capsule of dense irregokmective tissueP{ates4.30 and
4.32. Clusters of cortical cellscour in the capsuleP{ates4.32. Thin trabeculae of the
connective tissueapsule project into the parenchyma of the cortex reaching far deep into
the zona fasciculata, more in therfale than the mal@®lates4.30, 4.32and 4.3). In male,

the trabeculae coils to form a clastike arrangementP{ates4.32 and 4.38 The adrenal
glandtissue is organized intiwvo parts the peripheral cortex and a centrakedulla(Plates

4.30 and 4.31 The adenal cortex is further subdivided microscopically irfona
glomerulosa(Plates4.30, 4.32, and 4.33 Zonafasciculata Plates4.30, 4.32, 4.33 and

4.34), and Zona reticulari@Plates4.30, 4.31, and 4.35

The zona glomerulosa or zone multiformistie outermost zoneP(ates4.30, 4.32 and
4.33. The parenchymal cells of this region are columnar and polylhedraanged into a@s
or clusters or cords as an inverteeshhped formatio by the trabeculaeP(ates4.32 and

4.33.

The zona fasciculata is formed by arranged cordstiaight columnsof cuboidal or
polyhedral cells segrated by sinusoid$?(ates4.30, 4.32 4.33 and 4.B4The cytoplasm of
the cells in this zone frequently appears foamy because of the presenceeobusiiipid

vacuoles Plate4.34).

The zona reticularis is the innermost zone of the adrenal cortex, enthé widest zone
(Plates 4.30 and 4.31 It is arranged as an irregular network of anastomosing cords of cells

surrounded by sinusoids. The cells potyhedral in shapeP(ate4.35).
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The adrenal medulla is composed mostly of columnar or polyhedral chromaffin cells, which
form clusters and anastomosing cords separated by sinuantibave basophilic cytoplasm

(Plates4.31 and 4.36

The medulla may appear within the zona reticularis, because the cortex and medulla

interdigitate at their junctiorP(ate4.31).

Histochemicalstaining of the adrenal tissue with Alcian Blue revealed how the connective
tissue trabeculae and the sinusoids reacted with alcian bluentestd stained bluéfate

4.3.

When the gland was fixed ipotassium dichromate fixativahe stored catechamine
granules of adrenal medullary celsh(omaffin cellswere oxidised to brown coloyPlate

4.39
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Plate 4.30 Photomicrograph of Adrenal gland tissue section (transverse) among the fegralep#. Note Connective tissue
capsulgC) and its trabeculae penetrating the zones in different arrangements up to the zona relicatarse
zonesof theadrenal cortex where distinct aboeells of the zonglomerulosaG) were lying immediately behind
thecapsule C) and composed of cells arranged in irregular ovoid clusters, the zona fasci€ulatdné middle of
the threecorticd zones. It consists afellsin anirregular network of branching cordghe zona reticularisR) is the

innernost layer of the adrenal cort@{d&E x 40).
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Photoicrograph oAdenaIIa tissue sectiotopgitudina) among thdemale of Group A. The continuation of the

zona reticularisR) whichlies next to the adrenal medulaving irregular network of anastomosing cords of cells
surrounded by sinusoids; the medyN&) consists oimostly of columnar or polyhedral chromaffin cells, which form

clusters and anastomosing cords separated by sins@&igs< 40)
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Plate 4.32 Photomicrograph ofdrenalgland tissue sectiotransverspamong themale of Group A. Note Capsul€) and it
trabeculaeT) and it fenestration into the cortex. The zones in the adrenal cortex, Glome@ilosa (
which is the outer zonkying immediately behind theapsule C) and composed of cells arranged in irregalad tigt
ovoid clustersThe zona fasciculatd} is the middle of the three corticaones; consist afellsin irregular circular
cords inside straight columnBhe zona reticulariR) is the innerrost layer of the adrenal cortex have irregular
network of anastomosing cords of cells surrounded by sinug8dsx 100).
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magnification of the ZonglomerulosdG), the polyhydral shape of the parenchymal c&)s énd the arrangement of
the trabeculaér) (H&E x 250).
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Plate 4.34 Photomicrograph oAdrenalgland tissuesection {ransverseamong thenale of Group A, showing higher magnification
of the Zona fasciculatd}, noting the thin trabeculall § network, and the polyhedral shape of the parenchy®algllsand
their sparse arrangemem&E x 250).
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Plate 4.35. Photomicrograph of Adrenal gland tissue section (transverse) among the male of Group A, showing magnification of
Zonareticularis(R), irregular network of anastomosing cords of parenchymal ¢®lisdlyhedral in shape
surrounded by sinusoidS)((H&E x 250).




Plate 4.36 Photomicrograph of Adrenal gland tissue section (transverse) among the igaepA, showing the adrenal
medulla M) with polyhedral shaped chrommafin cel3) (surrounded bginusoidyS) (H&E x 250).
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Plate 4.37. Photomicrograph of Adrenal gland tissue section (longitudarat)ng thegroupA (male) Note the connective
tissue trabeculaiT() stained blue, the nucleus of the cel3 (Alcian Bluex 250)
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Plate 4.38 Photomicrograph of Adrenalahd tissue section (transversenong theGroup A(male),showingchromaffin cells
(C) in the medullai) been oxidized to brown color ltlye potassium dichromate. Note the cortéx (potassium
dichromatex 450).
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Group B:

This group (young adudl shares the same features with the previous group having thick
capsule of dense irregular conneetitissue as shown iRlates4.39, 4.40 and 4.41Thin
trabeculae of the connective tissue capsule piogaito the parenchyma of the cortex
reaching far deep into the zona fasciculata, more in thesitiae the émales in this group
(Plates4.39, and 4.4)1 Some part of the trabeculae coils a little bit to form an inverted u

shaped arrangemefRlates4.39 and 4.41

The adrenal glandissue is organized inttwo parts the peripheral cortex and a central
medulla(Plates 4.39 to 4.42.

Theadrenal cortex consists @ona glomerulosar zone multiformisvhichis the outermost
zone(Plates4.39 4.40, and 4.4}l The parenchymal cells of this region are columnar and
polyhedraly arranged into arcs or clusters or cords as an invergltbped drmatian by the

trabeculaeRlates4.39, 4.4).

The zona fasciculata is the next layer, formed by arranged corsisaight columnsof
cuboidal or polyhedral cells separated by sinusoids. The cytoplasm of the cells in this zone
frequently appears foamyebause of the presence of numerous lipid vacuéliedes4.39,

4.40 and 4.411

The zona reticularis is the innermost zone of the adrenal cdttate$4.40 and 4.4R It is
arranged as an irregular network of anastomosing cords of cells surrounded by sinusoids.

The cells are polyhedral in shafflates4.40 and 4.4
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There is appearance of zona intermedia in the female of this group, which is situated

betweenhe zona fasciculat@nd zona reticularif{ate4.40).

The adrenal medulla is composed mostly of columnar or polyhedral chromaffin cells, which
form clusters and anastomosing cords separated by sinusaidsave basophilic cytoplasm

(Plates4.40 and 42).

The medulla may appear within the zona reticularis, because the cortex and medulla

interdigitae at their junctionRlates4.40 and 4.4R

When the gland was fixed ipotassium dichromate fixativahe stored catecholamine
granules of adrenal medaty cells ¢chromaffin cells)were oxidised to a brown colour

(Plate4.44).

Outer and inner zone of the medulla can often be distinguished. The former consists of
larger, more darkly stained cells, while the latter contains smaller, igbthy Istainedcells

(Plate4.44).

Alcian Blue special histochemical stain was positive with the trabeculae of the connective

tissue capsule, and the sinusoids withmakrenal parenchymBléte4.43).
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Plate 4.39 Photomicrograph oddrenalgland tissue sectioofpgitudinal)among thdemale of Group B showing the connective
tissue trabeculad j extension from the capsule, the zona glomerul@3agnd zona fasciculat&) (H&E x 100).
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Plate 4.40 Photomicrogaph ofadrenalgland tissue sectiomofigitudinal)among théemales of groupB, showing the presence of
zona intermedial§, zona reticularisR), and the adrenal medullj (H&E x 100).
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Plate 4.41 Photomicrograph (ﬂdrenalglan tissue sectiomofgitudinal)among themales of Group B, showing the connective
tissue trabeculae extending into the zona gromeru@®par(d zona fasciculat&) (H&E x 100)
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Plate 4.42 Potomicrograph addrenalglandtissue sectionlgngitudinal)among thenale of Group B, showing that the adrenal
medulla M) tissue interdigitate with zona reticulari®)(of adrenal cortex. Note the medulla tissMg {n the middle of zona
reticularis H&E x 100).
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Plate 4.43 Photomicrograph oddrenal ghnd tissue section (transveraenong the Group Bemale), showing the reaction of
the sinusoidsS) and the connective tissue trabeculBgwith the Alcian blue reagent, the color turnigght blue
color (AlcianBlue x 250

123



) LS
Plate 4.44 Photomicrograph oddrenal medulla tissue section (longitudireainong the Group Bemale),showing chromaffin
cells reactionCR) with potassium dichromate, anther zone (Z) andouter zone OZ) of the adrenal medulla
(M), and blood vesse(8V) (Potassium Dichromate 360).
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Group C:

This group (old adud) sharessimilar features with the previous group having thick capsule

of dense irregular connective tissuesaswn inPlates4.45, and 4.46Thick trabeculae of

the connective tissue capsule project into the parenchyma of the cortex reaching far deep
into the zona fasciculata, more in the male than ¢meafe in this groupRlates4.45 and

4.46. Some part of therabeculae coils a little bit to form an inverteghaped arrangement

(Plates4.45 and 4.46

The adrenal glandissue is organized inttwo parts the peripheral cortex and a central
medulla The adenal cortex consists afona glomerulosaor zone mulformis is the
outermost zonéPlates4.45 and 4.46 The parenchymal cells of this region are columnar
and polyhedral arranged into arcs or clusters or cords as an investeaped formatio by

the trabeculaeRlates4.45 and 4.4%6

The zona fasciculates the next layer, formed by arranged cordsstiraight columnsof
cuboidal or polyhedral cells separated by sinusoids. The cytoplasm of the cells in this zone
frequently appears foamy because of the presence of numerous lipid vaBlaties4(45

and 446).

The zona reticularis is the innermost zone of the adrenal cortex. It is arranged as an irregular
network of anastomosing cords of cells surrounded by sinusoids. The cells are polyhedral in

shapgPlate4.47).

The adrenal medulla is composed mosftlg@umnar or polyhedral chromaffin cells, which
form clusters and anastomosing cords separated by sinusadsave basophilic cytoplasm

(Plate4.47).
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When the gland was fixed ipotassium dichromate fixativahe stored catecholamine
granules of adrenal medullary celtshfomaffin cells)are oxidised to a brown colo(Plate

4.49.

Outer and inner zone of the medulla can often be distinguished. The former consists of
larger, more darkly stained cells, whilesthatter contains smaller, more lightly stained cells

(Plate4.49.

Alcian Blue special histochemical stain was positive with the trabeculae of the connective

tissue capsule, and the sinusoids withmaddrenal parenchymBlate4.48).
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Plate 4.45 Photomicrograph odidrenalgland tissue sectiotofgitudinal)among théemale ofgroupC, showing the connective
tissue capsuled) and trabecula€l(), the zona glomerulos&]j and the zona fasciculafg) (H&E x 100)
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Plate 4.46 Photomicroraph odtdrenalglan tissue sectiotrénsverseamong themale ogroup C, showing the connective tissue
capsule €) and trabecula€T(), the zona glomerulos&] and the zona fasciculat&)( (H&E x 100)
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Plate 4.47. Photomicrograph oddrenalgland tissue section (transverse) among the majeoopC, showing the zona
reticularis(R), and the adrenal medull&lj (H&E x 250).
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Plate 4.48 Photomicrograph addrenalgland tissue sectiotr@nsverseamong themale of Group C, showing the parenchymal
cells P), and sinusoidsS) which colored light blue to colorless after staining withidicblue reagents (Alcian Blue100).
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