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The adrenal glands, responsible for regulating important body functions. This study aimed to
examine the structure of the adrenal cortex in 15 healthy she-camels. The camels were divided
into three groups based on their age: immature 1-2, mature 3-7, and senile up to 12 years which
are not equally divided. Camel adrenal glands are enveloped by a dense network of collagen
fibers, forming a unique capsule. This capsule comprised an outer fibrous layer and an inner
cellular layer. Notably, connective tissue trabeculae originating from the inner side of the
capsule invaded the gland's cortical parenchyma, giving the glomerulosa a distinctive
arrangement. This arching system was prominent in mature and senile camels but absent in the
immature ones, where eosinophilic cells formed clusters resembling follicles. Hematoxylin and
Eosin (H&E) staining was used for general tissue visualization, Masson's trichrome (MTC)
staining for collagen fiber, and orcein staining for elastic fiber visualization.
Immunohistochemical analysis using caspase3 as an apoptotic marker and proliferating cell
nuclear antigen (PCNA) as a marker for cell proliferation shed light on cellular behavior. The
immunohistochemical staining revealed strong positive nuclear reactions of PCNA in
immature and senile camels, respectively, and weak responses in mature camels. Additionally,
caspase 3 exhibited cytoplasmic and nuclear reactivity, transitioning from weak positive in
mature camels to strong positive in both immature and senile stages. In conclusion, our study
unraveled interesting similarities and distinctive features of camel adrenal glands, providing
insights into their architecture.

1. INTRODUCTION

The camel, a fascinating creature, belongs to the Camelidae
family, which encompasses the sub-family Cameline, which
consists of two distinct genera. The genus Camelus
comprises two extraordinary species: Camelus dromedarius,
known as the dromedary, one-humped or Arabian camel, and
Camelus Bactrians, recognized as the Bactrian or two-
humped camel. The second genus contains the Ilama, a
captivating creature with four species: the domesticated
llama, llama pacos, and alpaca; the wild llama guanaco, and
the llama vicugna, each exhibiting unique characteristics
(Khanna et al., 2004). Recognized as the "desert ship,"
camels have evolved remarkable adaptations that enable
survival in harsh desert environments. These adaptations are
intricately linked to the activity of specific endocrine glands,
including the adrenal glands, which play a pivotal role in
numerous vital functions (lbrahim et al., 2017) .

Camels have long served as invaluable multipurpose
animals, contributing to various aspects of human life. They
have been utilized for transportation, providing reliable
means of traversing vast distances. Additionally, camels
have been prized for their meat and milk production, offering
sustenance to communities in arid regions. Furthermore,
their wool and hide have served as valuable byproducts,
supporting the creation of essential textiles and durable
materials (Emam et al., 2013 and Zaky et al., 2020) .
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Adrenal glands, complex endocrine organs, govern many
physiological processes crucial for overall health. These
include stress response, metabolism, immune functions, and
cardiovascular dynamics. Disruption in normal adrenal
gland function can lead to severe metabolic imbalances,
circulatory collapse, hypoglycemic coma, and even
mortality across various mammalian species (Igbokwe and
Jacobs, 2016). Cortisol, a hormone produced by the adrenal
cortex, is a crucial indicator of stress. Increased plasma
cortisol levels have been observed following transportation
and hypoxemia in new-world camelids, while cortisol levels
remain unaffected by food deprivation in dromedary camels
(Dahl born et al., 1992; Riquelme et al., 1998 and Anderson
et al., 1999). The adrenal glands are pivotal in maintaining
homeostasis, regulating fetal organ maturation, and initiating
parturition in females. Furthermore, the unique biological
structure of camel adrenal glands is believed to be
instrumental in their remarkable adaptation to extreme
environments (Ye et al., 2017). Camels possess bilateral
adrenal glands in the retroperitoneum, superior and above
the kidney. The left adrenal gland typically exhibits a flat and
oval shape, while the right adrenal gland assumes
a triangular form. Notably, the right adrenal gland may have
the liver near or partially covering its inner side, resulting in
distinct liver markings (Ye et al., 2015). Adrenal gland
histology has been extensively studied in human and diverse
animals, including cattle, buffalo, goat, pig, camel, and
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geese. These investigations have contributed valuable
insights into glandular structure and function. Among these
Species are; cattle (Jelinek and Konecny, 2011 and Igbokwe
and Jacobs, 2016), buffalo (Sarwar Qureshi, 2007; Fouad
Attia, 2013 and Kumar et al., 2021), goat (Hussein, 2019
and Suri et al, 2022), pig (Suzuki and Kachhi,
1994), human(Kimura et al., 2005 and Kampan and Fluck,
2008), geese (Elzoghby, 2015), camel (Al-Bagdadi, 1969;
Khanna et al., 2004; Rehan and Qureshi, 2007 and Ye et al.,
2017).

Each adrenal gland exhibits two distinguishable structures:
the outer adrenal cortex and the inner medulla. The cortex
comprises three distinct zones with unique histologic
features and hormone synthesis capabilities. The zona
glomerulosa (ZG) contains small angular cells dispersed
under the capsule, producing the primary mineralocorticoid,
aldosterone. The major component, the zona fasciculata
(ZF), consists of large clear lipid-laden cells arranged in
columns from the capsule to the inner zona reticularis (ZR).
Recent studies suggest ZF is the primary source of
glucocorticoids, such as cortisol, in human glands. The ZR,
composed of eosinophilic compact cells with minimal lipid
storage, forms cord-like structures around vascular
sinusoids. This zone can also produce cortisol and appears to
be the source of androgens (McNicol, 2008 and Kampan and
Fluck, 2008). Moreover, Immunohistochemistry studies
commonly employ specific antibodies to investigate cellular
processes. Antibodies against caspase 3 and PCNA have
been proven valuable in immunohistochemical analyses.
Caspases, crucial components of apoptosis, are important
indicators of programmed cell death, while PCNA is a
marker for cell proliferation and an indicator of adrenal
disorders (Van Diest et al., 1998) .

Overall, the present study aimed to investigate the
histological structure and immunohistochemical changes of
the camel adrenal cortex in different age groups.

2. MATERIAL AND METHODS

2.1. Animal Selection :

The study involved the examination of adrenal glands from
15 she-camels Camelus dromedaries. The camels were
divided into three age groups: aged (more than 12 years),
mature (3-7 years), and immature (1-2 years). The number
of specimens in each age group was determined based on
previous research by Al-Bagdadi, (1969). There were 5
specimens in the aged group, 6 in the mature group, and 4 in
the immature group .

2.2. Sample Collection -

The adrenal glands were collected from each she-camel after
veterinary-hygienic inspection to prevent abnormal
diseases. The collection was performed by opening the
abdominal region and carefully separating the adrenal
glands just above the kidneys. The camels were obtained
from a slaughterhouse in Toukh, Egypt, and the collected
samples were brought to the Department of Histology,
Faculty of Veterinary Medicine, Benha University, for
analysis .

2.3. Histological Examination:

The collected adrenal gland specimens were fixed in 10%
neutral buffered formalin for 48-72 hours (about 3 days).
Following fixation, the specimens underwent a series of
dehydration steps using increasing concentrations of
alcohol. Subsequently, the specimens were cleared in xylene
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and embedded in paraffin wax. Thin sections of 5um
thickness were prepared using a microtome (Suvarna and
Bancroft, 2019)

Various staining techniques were employed to visualize the
histological structure and specific components of the adrenal
glands. Harris's Hematoxylin and Eosin stain was commonly
used for general histological examination and assessment of
tissue morphology. Masson's trichrome stain was used to
highlight collagen fibers, while Orcein stain was utilized to
identify elastic fibers.

2.4, Immunohistochemistry -

Paraffin sections with a thickness of 5 micrometers were
collected from the adrenal gland and mounted on positively
charged microscope slides. The sections were deparaffinized
by incubating them in xylene, followed by sequential
rehydration in absolute ethanol, 95% ethanol, 70% ethanol,
and distilled water. The tissue sections were heated in a 10
mM citrate buffer (pH 6.0) for 40 minutes for antigen
retrieval. Subsequently, the sections were allowed to cool to
room temperature for 20 minutes. To reduce peroxidase
activity, the sections were treated with 3% hydrogen
peroxide in methanol for 15 minutes. To block non-specific
staining, the sections were incubated with 10% normal goat
serum for 1 hour at room temperature. The sections were
incubated overnight at 4°C with rabbit polyclonal caspase 3
antibodies (catalog number C9598, Sigma Aldrich, St.
Louis, Missouri, USA) diluted at 1:1000 and mouse
monoclonal PCNA antibodies (catalog number P8825,
Sigma Aldrich, St. Louis, Missouri, USA) diluted at 1:500.
Following the primary antibody incubation, the sections
were treated with a human anti-rabbit and mouse secondary
antibody for caspase-3 using indirect immune peroxidase
technique and PCNA for 1-2 hours at room temperature. For
PCNA antibody staining, the sections were incubated
overnight at 4°C with. The immunohistochemical staining
was visualized according to the method outlined by
Boenisch (2009)

2.5. Histomorphometry

Image analysis was performed using "Image J" software
(version 1.48v, National Institute of Health, USA). For
quantitative evaluation, ten different non-overlapping
randomly selected fields were examined from each slide and
the following parameters were assessed :

The mean thickness of the adrenal cortex (um) and its
capsule was determined from Hematoxylin and Eosin
(H&E)-stained sections at 10X .

The mean area percentage of collagen fiber content was
analyzed from Masson's trichrome-stained sections at 10X .
The mean expression of caspase-3 and PCNA
immunohistochemical positive cells is calculated as the
average of a mean grey value. This analysis was conducted
on 3,3'-Diaminobenzidine (DAB)-stained sections at 10X -.
These quantitative parameters provided valuable insights
into the adrenal gland's structural characteristics and cellular
dynamics .

2.6. Statistical analysis -

The data are presented as means + SD. Statistical analysis
was conducted using PRISM GraphPad version 9.0
(GraphPad Software, San Diego). One-way analysis of
variance (ANOVA) was employed to compare multiple data
sets. In cases where the obtained P value from ANOVA was
significant, Tukey's test was utilized to determine the
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differences among the groups. A significance level of P <
0.05 was considered statistically significant.

3. RESULTS

3.1. Histological observations

The adrenal gland is encircled by a connective tissue capsule
characterized by two layers: an outer fibrous layer and an
inner cellular layer. There are some fat cells present in the
cellular layer of the capsule in immature camels that
decrease in number toward senile age (Figure 1). The outer
layer of the capsule is composed of dense connective tissue
rich in collagen and elastic fibers (Figure 2). Immature age
groups exhibit higher collagen fibers than mature and senile
age groups, as revealed by Masson's trichrome staining
(Figure 2A, 2B, 2C). Thick trabeculae extend from the inner
side of the capsule into the cortex to varying degrees (Figure
2D, 2E, 2F). The proportion of fibrous tissue area is higher
in senile camels compared to immature and mature ones
(Table 1). When stained with orcein, the elastic fibers within
the capsule are more prominent in the immature age group
compared to both mature and senile age groups (Figure 2G,
2H, 21). The zona glomerulosa (ZG) arrangement in Camels
is unique because of the trabeculae; they create an arching
structure, with the limbs of the arches separating the
glomerulosa units into groups that vary greatly in size and
quantity. The eosinophilic cells are arranged in tiny masses
or balls that resemble follicles in the immature camels' zona
glomerulosa, which lacks an arching system (fig.3A).
However, in mature and senile camels, the arching system
becomes visible (Figure 3B, 3C). The cytoplasm of the cells
is vacuolated in immature camels, granulated in mature age,
and less granulated in senile age. The zona fasciculata (ZF)
is the largest zone within the cortex of the adrenal gland,
including polyhedral cells. Most of them are called
spongiocytes, which have granular vacuolated cytoplasm
and a spherical centrally located nucleus (Figure 3D-F).
They are organized in cords of one or two cells, with some
forming vertical columns and others lacking a defined
orientation. These cellular cords are separated by vascular
sinusoids. Notably, the cells of the zona fasciculata display
increased vacuolation in immature adrenal glands compared
to mature and senile glands (Figure 3D). Conversely, mature
and senile adrenal glands exhibit more granulated cytoplasm
(Figure 3E, 3F). Moreover, in senile adrenal glands,
numerous and larger blood sinusoids exist between the cells,
unlike the immature and mature stages (Figure 3F). The zona
reticularis (ZR) occupies the innermost portion of the cortex.
The cells within the zona reticularis are cuboidal to
polyhedral in shape and form a net-like arrangement of
anastomosing cords, typically one to two thick cells. In the
immature adrenal glands, these cells are arranged around
wider blood sinusoids (Figure 4A).

Like the zona fasciculata, the cells of the zona reticularis
exhibit increased vacuolation in immature glands (Figure
4A) compared to mature and senile glands. However, in
mature adrenal glands, the cells display a granulated and
eosinophilic appearance (Figure 4B), while in senile glands,
the granulation is less pronounced (Figure 4C).

3.2. Immunohistochemical findings

3.2.1. PCNA:

Immunohistochemical analysis using PCNA revealed
distinct reactivity patterns in camels' adrenal cortex at
different ages. In all ages, certain adrenal cortex cells exhibit
positive reactivity, while others exhibit negative reactions.
In immature camels, most cells exhibited strong nuclear
reactions in (ZG) (Figure 5A), (ZF) (Figure 5D), and (ZR)
(Figure 5G). Also, senile camel's adrenal cortex shows
strong positive nuclear reaction in ZG (Figure 5C), ZF
(Figure 5F), and ZR (Figure 5I). In contrast, the adrenal
cortex of mature camels showed a weak positive reaction to
PCNA, ZG (Figure 5B), ZF (Figure 5E), and ZR (Figure
5H). Immunohistochemical quantification demonstrated a
significant decrease in PCNA expression in mature animals
compared to immature camels (Table 1).

3.2.2. Caspase-3:

In the adrenal cortex, the immunohistochemical staining of
caspase 3 protein revealed distinctive cytoplasmic and
nuclear reactions in different age groups. In immature
camels, there is strong positive reaction to caspase 3 in ZG
(Figure 6A), ZF (Figure 6D), and ZR (Figure 6G). Also, the
senile camels show strong positive reaction, like what
happens to immature ones in ZG (Figure 6C), ZF (Figure
6F), and ZR (Figure 61). On the other hand, the adrenal
glands of mature camels displayed a weak positive reaction
to caspase 3 in ZG (Figure 6B), ZF (Figure 6E), and ZR
(Figure 6H). Immunohistochemical quantification revealed
a significant decrease in caspase-3 expression in mature
animals compared to immature and senile animals (Table 1).

Table 1: Histological parameters of the adrenal gland in she-camels at
different age stages.

Parameter Immature Mature Senile
Mean + SD
Capsule thickness (um) 359+6.3 31.3+6.9 222+3.6**
Fibrous tissue area (%) 172+43 196+57 259+7.9**
PCNA expression 1798+ 05 1784 +1.1* 177.7+0.8

Caspase-3 expression 1715+28159.1 +5.1** 1726 +2.3

*=p<0.05 (significant)

** = p<0.01 (very significant)

*** = p<0.001 (extremely significant)

**%* = p<0.0001 (extremely significant)

In some cases, asterisks may also be used to indicate:
= p<0.1 (trend towards significance)

T =p<0.15 (weak trend)

Figure 1: Photomicrograph showing the thick capsule and presence of some fat cell (arrow) in the adrenal gland of immature camel (A), mature camel (B),

and senile camel (C). H&E.
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Figure 2: Photomicrograph showing the outer fibrous layer which consists of collagen and elastic fiber. (A) High level of collagen fibers of the capsule in immature age compared to
mature (B) and senile (C). Masson's trichrome stain (MTC). (D),(E),and (F) Thick trabeculae enter from the inner side of the capsule into the substance of the cortex to different extents.
MTC. (G) High level of elastic fibers of the capsule in immature age compared to mature (H) and senile (1). Orcein.

e K

Figure 4: Photomicrograph showing zona reticularis (ZR). Vacuolated cells of ZR arranged around wider blood sinusoid in immature camels while in mature (B) and senile camels (C) the
cells are granulated. H&E.
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Figure 5: Photomicrograph showing immunohistochemical staining in the adrenal cortex using PCNA. Strong positive nuclear reaction in ZG (A), ZF (D), and
ZR (G) of immature, as well as in ZG (C), ZF (F), and ZR (l) of senile camels. Weak positive nuclear reaction in ZG (B), ZF (E), and ZR (H) of mature.

Figure 6: Photomicrograph showing immunohistochemical staining in the adrenal cortex using caspase 3. Strong positive cytoplasmic and nuclear reaction in
ZG (A), ZF (D), and ZR (G) of immature, as well as in ZG (C), ZF (F), and ZR (1) of senile camels. Weak positive cytoplasmic and nuclear reaction in ZG (B),
ZF (E), and ZR (H) of mature.
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4. DISCUSSION

Our studies revealed that the camel adrenal glands are
surrounded by thick capsules which consist of two-part
structure: an outer fibrous portion and an inner cellular
portion. These results agree with corresponding results of
cattle (Igbokwe and Jacobs, 2016). However, these results
disagreed with Ye et al. (2017) who illustrated that the
adrenal capsule consists of outer, middle, and inner layer in
their study on Bactrian camels. Furthermore, our study
revealed the presence of collagen fibers in the capsule and
parenchyma of the adrenal gland and projecting trabeculae.
These findings are comparable with the observations made
by Nama et al. (2015) in their study on sheep adrenal glands,
providing support for the observed camel adrenal gland
capsule structure. In senile animals, there was a significant
decrease in the thickness of the connective tissue capsule
and a significant increase in the area percentage of fibrous
tissue compared to immature animals. These findings
indicate age-related changes in the structural composition of
the adrenal gland. The observed decrease in capsule
thickness, possibly reflecting alterations in the extracellular
matrix and overall tissue remodeling with aging. Similarly,
the higher fibrous tissue area percentage suggests an age-
related deposition of fibrous components within the gland,
which may contribute to changes in its architecture and
function during the senile stage .

Histologically, the adrenal cortex can be subdivided nto the
zona glomerulosa, zona fasciculata, and zona reticularis.
This organization of the adrenal cortex into different zones
has been reported in various domestic animals, as goats in
Hussein (2019) study. In immature adrenal glands of camels,
the zona glomerulosa is characterized by large polyhedral
cells arranged in balls or small masses beneath the
developing capsule. The arrangement of the zona
glomerulosa, with its small masses of eosinophilic cells
resembling follicles, agrees with the observations made by
Ighokwe and Jacobs (2016) on cattle. While in mature and
senile camel adrenal glands, a notable characteristic is thick
trabeculae extending from the adrenal capsule into the cortex
to varying degrees, but they do not extend beyond the zona
fasciculata. This unique feature imparts a distinct
arrangement to the glomerulosa region. The trabeculae form
an arching system, where the limbs of the arches divide the
units of the glomerulosa into groups that exhibit significant
variations in terms of number and size. This histological
observation communicates with the observations made by
Sheikhian et al. (2015) in their study on guinea pig and
hamster .

The zona fasciculata in camel adrenal glands occupies a
significant cortex area. The cells within this zone are
arranged in radiating columns and exhibit a cuboid shape.
Additionally, sinusoidal vessels can be observed within this
region. These findings are comparable with the results
reported by Hussein (2019) in their study on the adrenal
glands of goats. In the camel adrenal glands, the zona
fasciculata and zona reticularis exhibited a rich presence of
sinusoids, some of which are notably large. This observation
aligns with the findings reported by Barszcz et al. (2016) on
European bison, further supporting the presence of abundant
sinusoidal structures in the zona fasciculata and zona
reticularis of camel adrenal glands. A broad range of steroid
hormones are synthesized by the three layers of the adrenal
cortex, including glucocorticoids, mineralocorticoids, and
accessory sex hormones. Lack of normal adrenal gland
function can disrupt electrolyte levels and carbohydrate
metabolism, potentially leading to circulatory collapse,
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hypoglycemic coma, and even death. This has been
highlighted in studies conducted by Kampan and Fluck
(2008), McNicol (2008) and Ishimoto and Jaffe (2011)
Apoptosis, or programmed cell death, is a regulatory process
essential for maintaining hemostasis during normal growth
and development. It protects against infectious and
immunological diseases (Young and Gallie, 2000). Various
markers of apoptosis, including caspase 3, have been utilized
to detect apoptotic cells in adrenals (Bernini et al., 2002; Yu
et al., 2012 and Pereira et al., 2019). The presence of
caspase-3 staining indicates the activation of apoptotic
pathways and the initiation of programmed cell death.
Specific studies on caspase expression in camels are lacking,
research on mature camel meat quality has shown that
physiological changes occur with aging, possibly related to
cellular degradation or death (Suliman et al., 2013). This
could explain the higher proportion of caspase 3positive
reactions in senile camels compared to mature Ones. The
lower expression of Caspase in mature camels compared to
immature and senile camels may be attributed to a complex
interplay of factors. In the immature ones, higher caspase
levels might be required for developmental processes,
cellular remodeling, and immune response (Zhao et al., 2016
and Liu et al., 2019). Hormonal regulation, metabolic
factors, and genetic control might also contribute to these
variations (Li et al., 2022 and Minz et al., 2022). As the
mature camels, the need for extensive apoptosis may
decrease, leading to reduced Caspase expression

Cell proliferation is a fundamental process characterized by
cell division and growth, essential for producing two
daughter cells and maintaining cellular homeostasis.
However, abnormal cell proliferation can lead to the
development of cancer (Van-Diest et al., 1998 and Grewal
and Edgar, 2003). Proliferating Cell Nuclear Antigen
(PCNA) is a DNA clamp protein that interacts with DNA
polymerase delta in eukaryotic cells, playing a crucial role
in DNA replication and repair processes (Moldovan et al.,
2007). PCNA is expressed in the nucleus during the cell
cycle, indicating DNA condensation and cell viability
(Leonardi et al., 1992). In the adrenal gland cells of camels,
immunoreactivity to PCNA can be observed in
immunohistochemical staining. The positive reaction can be
further categorized as strong or weak reactions. A strong
positive reaction indicates the condensation of DNA strands
and a higher level of cellular viability, whereas a weak
reaction suggests low condensation of DNA strands
(Leonardi et al., 1992) .

As in various mammalian species, including camels, we
found that PCNA may exhibit a positive reaction across all
age groups. However, the expression levels were likely to be
higher in immature and senile individuals compared to
mature ones. Studies on other species, such as viscachas,
have shown variations in PCNA expression during different
life stages, influenced by factors such as hormones (Rosales
et al., 2016).The elevated expression in younger animals
could be attributed to the increased requirements for cell
growth and proliferation, essential processes for
development and growth (Keim et al., 1990 and Turka et al.,
1993). As the mature camels, the need for cell growth may
decrease, leading to reduced PCNA expression .

5. CONCLUSION

In conclusion, the adrenal gland of camels is encircled by
thick capsules which decrease in thickness with ageing.
Unlike the proportion of fibrous tissue area increased in
senile camels compared to mature and immature ones. The
cells of ZG in the mature and senile camels show an arching
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system but in immature ones, the cells are arranged in small
masses that resemble follicles. The cells of ZF are arranged
around large blood sinusoid in senile ages which become

wider in ZR of mature camels.

Immunohistochemical

staining showed decrease in PCNA response in mature
camels compared to immature ones and decrease in caspase
3 response in mature camels compared to immature and
senile ones.
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