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Abstract ‘A ’ N

BACKGROUND: The dromedary spleen plays a crucial role in ‘lmm e system and
maintaining homeostasis. However, there is limited rese develgpmental changes
that occur in the spleen during the first few years of a dromm llfe

OBJECTIVES: The objective of this study was to comp
changes that transpire in the dromedary spleen durin

ensive vestlgate the developmental

crucial first three years of life. This
was achieved through a multi-faceted approach oth macroscopic examination,
which entailed measuring the absolute and a$s of the spleen, as well as
morphometric analysis. Additionally, his histomorphometric analysis were
employed to study the cellular compositi ft Mt different ages.

METHODS: Five groups of dromedaries were examined in Southeastern Algeria. The spleens
were analyzed using both gross ana ndthistological examination. The cellular composition

of the spleen was studied on hlstao slides of spleens of different ages, which were stained

with hematoxylin and eosin \

RESULTS: The results s { e size, weight, and volume of the spleen significantly
increased as the animé\/ splenlc mass of the animal of the first group showed an
average absolute rﬁs \2314.19 g, whereas in the fourth group they showed an average
mass of 318+ 1°g, while the length, the width and the thickness showed average values of
43.78+1.95 1% .52 cm, and 1.8810.16 cm respectively at the age of eight months, while
th sh& average values of 49.6+1.86 cm, 24.32+1.69 cm and 3.18+0.34 cm respectively at

of th ygars. The cellular composition of the spleen changed over time, with a higher

percentagesof lymphoid tissue at eight months, more red pulp at one year, and a higher
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percentage of white pulp at two years. By three years, the spleen had a mature mix of red and
white pulp and its immune function was fully developed.

CONCLUSION: This study provides new insights into the development and mat ion of the
dromedary spleen. The findings have important implications for understandingsthe health and
well-being of these animals, and could potentially contribute to the develgpmen of\better
strategies for the management and care of dromedaries. ‘ &t’

Keywords: Cytology, Dromedary, Histology, Spleen, Maturao* e

\
Introduction \

The dromedary, or one-humped camel (Camel edari«.b), is an important livestock
animal in dry, arid regions of the world (Nagy et cb , d @edaries are adapted to survive
in harsh environments with limited access to water; and“are used for a variety of purposes
including transportation, milk production, m et al., 2022). They have a unique
physiology that allows them to survive p ng iods without water, and they are able to
tolerate high body temperatures an aihtain ﬂ1e|r body water balance, in addition to their
physiological adaptations, dromeQa so have a complex immune system that helps them
combat disease and maintain health oss’1er et al., 2016; Hajinejad-Bamroud et al., 2020;
Mohamed Amine et al., ZOZXare tal., 2023c).

The spleen is a vi

in the immune system of all mammals, including dromedaries.
It functions as a bloﬁ ter, stori

red blood cells and releasing them, when necessary, as well

as storing and activating i e cells. The spleen also plays a role in the removal of senescent
erythrocytes, Mells that are no longer functional. In addition, the spleen is involved
in the immune respanse to infections, and it contains a variety of immune cells such as T cells, B

cellspand roph"\ges (Mebius and Kraal, 2005).
e first three years of life for dromedaries are critical for their overall development and
productivity®During this period, they undergo significant physiological changes that affect their
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growth and immune system. Understanding the changes that occur during this period is
important for animal production and management, as it can help identify ential health
problems and implement appropriate interventions.

One important aspect of dromedary development during the first threeayear§yof life is
the maturation of the spleen, which is a vital organ in the immune system offall ma m}s. The
spleen plays a crucial role in filtering the blood and activating img \1 combat
infections. However, little is known about the development and maturation of the dromedary
spleen during this critical period (Fares et al., 2023a; Fares eo 4

The development and maturation of the dromedary spleen is n ell understood, with

the current state of knowledge, and more research is needed Nully understand the immune

function of these animals (Hussen and Schuberth, 202 finding’of this study contribute to
our understanding of the development of the dro ar Nleen and may have practical
implications for the management and care_of thése ani , also, understanding the changes

that occur in the spleen during the first th years. of dife may help veterinarians to identify
potential health problems and imple t ropriate interventions. Additionally, this
information may be useful for rese echtud"ng the immune function of dromedaries and
developing vaccines and other prev easures to protect these animals from diseases.

Despite the importance of the Spleen the.ﬁmmune system of dromedaries, the development
and maturation of this org* n ell understood (Lewis et al., 2021), few researches were
carried out. In particul redis a lack of information on the changes that occur in the gross
and microscopic arﬁo , size, and cellular composition of the dromedary spleen during the
first three years of life. T wledge gap limits our understanding of the immune function of
these animal hinders the development of effective management strategies for dromedary
health.\N r, there have been some studies conducted on the postnatal development of

een’i oth@r domestic animals, such as rabbits (Rahmoun et al.,, 2019) and lambs

n et al., 2020), which may provide some insights into the developmental changes that

occur in the'dromedary spleen.
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Materials and methods N
In this study, 25 healthy dromedary camels were selected and divw fbe age

groups (eight months, one year, 18 months, two years, and three yea!o
five animals per group. The animals were sourced from a single *hetd to ‘c¢ontrol for any

extraneous variables that might affect the outcome of the s@er t al.,;2021). The animals
were humanely slaughtered in adherence to the Algerian Islami¢ custotws and in accordance
of Iice& eterinarians. The ages of

i i The bodyweight of the
vbich takes into account various

sisting of

with stringent sanitary protocols, under the supervisi
the dromedaries were obtained through a survey owne
dromedaries was determined by using a specific_eguati
physical measurements of the dromedaries, to es& ir bodyweight, according to (Kamili
et al., 2006; Gherissi et al., 2022). The splsx wWiculously collected and subjected to
both morphometric and mass analysifwew anatomy of the spleen was carefully
documented through detailed descripti nd photographs taken with a digital camera. The
size and weight of the spleen vs‘er@ ?eﬁured using established techniques to ensure
accurate and precise data collection. B

For the microscopictudy, spleen fragments were fixed in formalin and processed
for paraffin embeddin *wmeter sections were cut and stained with both Hematoxylin
and Eosin (H&E) ar& (;ilc rome staining techniques to highlight the various cell types
and tissues in th . stained sections were examined under a B382PLi-ALC light

ation (lezzoni, 2018).

splee
microscope t i

arson correlation analysis was conducted to evaluate the relationship between
the different physical factors of the spleen. The statistical analysis was conducted using R

5
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software (Posit, PBC, USA, 2011-2023). This allowed us to determine if there were any
significant differences between the groups and to identify any potential correlations between
the various physical characteristics of the spleen.

The equation of estimation of the dromedary’s bodyweight accordingte,(Kamili et al.,

Bodyweight (kg) = 4.06 x Age (years) + 3.05 x Circumference of hx&n‘b + 3.38 x

Circumference of the thigh (cm) + 1.38 x Hump length (cm) - 191.

Results :

Our investigation into the characteristics o e one\humped camel's spleen has
revealed a number of intriguing details about this organ. ably, V\g have discovered that it is
characterized by a soft texture and is colored in ﬁ tive|shade of red-brown, as indicated

wever, one of the most remarkable

2006):

by our observations and depicted in (Figure
revelations to emerge from our study is thaYe spr camels possesses a concave surface,
which represents a unique and previouslyﬁkno“ature of this anatomical structure.

Our results also revealed tha een of the one-humped camel is located under the
transverse processes of the lumba ree and extends from the upper caudal end of the
dorsal sac of the rumen to theicaudalend of the left kidney, it has two surfaces: a convex
parietal surface in contact with theiinternal obliques muscle and the subcutaneous region, and
a concave visceral surr in contact with the upper-caudal surface and the left face of the
dorsal sacrum for the rum )‘&

dorsal sac of the ru en
The results revealed a range of variation in the physical characteristics of
drome ifferent age groups, the dromedaries in the first group, which were 8

resented splenic masses of 251+14.19 g and body weights of 339.419.24 kg,
where %Iatlve mass of the in the animals of this group was 0.0738+0.0036 %, with a

orsal end of the spleen attaches to the upper surface of the
e caudal edge wraps around.
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splenic length of 43.78+£1.95 cm. The width of their spleen was 19.44+1.52 cm, with a splenic
thickness of 1.88+0.16 cm (Figure 2).

On the other hand, the dromedaries of the second group (1 year of a presented
splenic masse was 267+12.59 g and body weight of 364.219.36 kg. While therelative, mass of
their spleen was 0.073210.0043 %, with a splenic length of 45.7£1.42 cm, while the width of
their spleen was 19.8+1.69 cm, with a thickness ranging from 2.24i.29!nxv\2)'5imilarly,
the dromedaries of the third group (18 months old), had splenic masse ef 280+21.02 g with a
mean body weight of 368.5+5.31 kg, while the relative masﬁ&leen was 0.0774+0.0083

width w~1.7i1.78 cm, with a
splenic thickness of 2.58+0.24 cm (Figure 2). N

%, with a splenic length of 46.2+1.62 cm, whereas the splen

The dromedaries in the fourth group, which two yeﬁrs old, presented splenic
masse of 297+12.98 g with body weight of 404.6’;& g, Whereas the relative mass of their
spleen was comprised between from 0.0736+0.0021 %. TheSplenic length in the animals of the
fourth group was 47.42+1.46 cm. with a splenic width of 22.1+1.99 cm, and splenic thickness
2.89+0.32 cm. Finally, the dromedaries ing fifth.group (three years old), had splenic masse of
318+23.91 g and body weight of 426.2+5.4 kg. whereas the relative mass of their spleen was
comprised between 0.0748+0.005 @ e splenic length was 49.6+1.86 cm, with a splenic
width of 24.32+1.69 cm, and a splenic ickness of 3.18+0.34 cm (Table 1) (Figure 2).

To further analyze ‘e d*ences between the groups, a One Way ANOVA was
performed. The resultsfth{A%’)V
the groups in termsQc splenicmass (p < 0.001), relative mass of the spleen (p < 0.001), splenic
length (p < 0.001), spleﬁ v‘ch (p = 0.017), and thickness (p < 0.001), (Table 2;3;4;5). In all
tables, the w Wan 0.05, indicating that there is a significant difference in the mass,

n

showed that there was a significant difference between

Iength,w'; ,.and thickness of the dromedary spleen across different age groups.

Regardingy the histological analysis of the spleen of the dromedary (Camelus
drom ius),our results revealed a unique structure that is characterized by the presence of
white pulp“and red pulp. The white pulp was composed of lymphoid follicles, which appear

7
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densely packed with lymphocytes, macrophages, and dendritic cells, and they were surrounded
by a dense network of reticular fibers, which form the framework for the folli and provide
structural support (Figure 3).

On the other hand, the red pulp of the spleen was composed of sinuseids, Wwhich are
large, thin-walled blood vessels that are lined with macrophages and lined b retlcular cells. It
was also rich in blood vessels and is responsible for maintaining the b N\e nd blood
pressure.

Additionally, we found that the splenic capsule |s¢ er of fibrous tissue that
surrounds the spleen and separates it from the surround organs sending trabecular
tissue towards the inner layers of the organ (Figure 4),

The cellular composition of the spleen change 'ficantly%ver time, with significant
differences in term of cellular populations and Bt at ‘eight months of age, the spleen
contains mostly lymphocytes and a small number!of hroeéytes and macrophages, whereas at
one year of age, the number of erythroc increases while the number of lymphocytes
decreases. At two years of age, the spleeees d.a higher rate of macrophages and a lower
number of erythrocytes, while at 3 e spleen presented a highest rate of lymphocytes,
which suggests that the immune fu of the spleen is fully developed by three years of age
and the organ is fully functionalfin carrying Ol\Jt its various roles in the immune system.

Our results revealec‘mat \ pleen undergoes developmental changes over time in
both its structure and on, at eight months of age, the spleen was composed
mostly of lymphoid tissue and a s rse population of splenic cords, whereas at one year of age,
the number of splenlc\orwlncreases and the spleen contains more red pulp, which is
important f&e e fsenescent red blood cells and storage of iron, at two years of age,

the spI

ars ofiage, the spleen presented a mature mix of red and white pulp and has fully
deveI d |tsiwmune function,

|gher ratio of white pulp, and the splenic cords become more prominent.
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Our statistical results revealed a moderate to strong positive correlation between age

and various physical characteristics of the spleen in one-humped camels. As(the age of the

animals increased, there was a corresponding increase in the thickness, length, a ass of the

spleen. These findings suggest that there may be a physiological relationship betwe

of the dromedaries and the development of their spleen
Additionally, there was a moderate positive correlation between! Nf ‘ne spleen
t

the age

and age, indicating that as the dromedary ages, there may also be increase in the width
of their spleen. Furthermore, our study found a strong corrw een splenic mass and its
thickness, width, and length. This suggests that there is a s g relati hip between the size
and dimensions of the spleen and its overall mass, also, we were able to observe a strong
positive correlation between the body weight of the and the mass of the splenic mass,
indicating that as the body weight of the camels in% , Soteo does the mass of their spleen
(Figure 5).
Our findings indicate that there are Mr C lations between the age of dromedaries
and the physical characteristics of their sfn. ,the correlations between splenic mass and
thexcorrelation between the body weight of the

its thickness, width, and length, as I
dromedaries and the mass of thei en, suggest that there may be strong relationships

Discussion ‘

The one- hur‘qged camel s spleen is an important organ that has been the subject of
numerous studies. esp}e d, our recent research has revealed a surprising discrepancy in
earlier repo

between these factors.

e anatomy of the spleen.
Iy found that the groove between the dorsal end of the spleen and the
which'had been described in previous studies by (Zidan et al., 2000a; Nawal and Maher,
2018), 5 n;\present in our observations. This unexpected finding raises important questions
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about the structure and function of the one-humped camel's spleen and highlights the need for
further investigation.

Our results on the anatomy of the dromedary's spleen have yielded s intriguing
findings. Perhaps the most fascinating among them is the discovery that the spleen‘of camels

has a concave surface, which differs from the convex surface typically found in other,mammals
such as cows, sheep, and horses. , \\ '

This unique characteristic of the camel's spleen sets it apart>from other animals and
underscores the importance of comparative anatomy in unw& the eviolutionary history
and functional significance of this organ. Previous studies (Chadbu\ 2000; Khalel, 2010;
Maina et al., 2014; Nawal and Maher, 2018) have also highlighted the distinctive features of the
camel's spleen, including its coloration and texture. >

Moreover, our study revealed that the shape ofithe camel's spleen is also distinct from
other animals. Cows have an elongated and eIIiptihle n,while sheep have an almost round
shape. Dogs have a sickle-shaped spleen,: and ve a broad, curved, flattened, and
elongated one, according to (Hassankhan(‘al., 17; Wang et al., 2021).

Also, the researcher (Jaji e ,2019)p.conducted a study on the anatomical and
histological characteristics of th n in” one-humped camels and reported similar
observations regarding the location andksurf\aces of the camel's spleen. The concave surface of
Nas it differs from the convex surface typically found in
other mammals. The rpr\hegjty and Conway, 1985) studied the histology of the camel's
spleen and reported.that the spl
animal grows. Similarly,\(a‘th et al., 2000) investigated the gross anatomy of the camel's
spleen and fgd hW)rgan's size and weight increased with age.

results

the spleen is particularly n*wo

en undergoes a significant increase in size and mass as the

ut the morphometric variables provide further evidence of the changes

length; width,
undergoes structural adaptations to meet the needs of the growing animal.

in one-humped camel's spleen as the animal grows. The significant differences in the mass,
%nd thickness of the spleen across different age groups suggest that the organ

10
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Regarding the histological structure of the dromedary's spleen, (Zidan et al., 2000b)
reported that the red pulp of the camel's spleen is composed of sinusaids lined with
macrophages and reticular cells. Our study supports this finding, indicating that the red pulp of
the spleen in one-humped camels is also composed of sinusoids and rich inzblood, vessels,
suggesting that the spleen plays an important role in regulating blood volume'and pressure

Furthermore, our study found that the splenic capsule is a thi \ r us tissue
that separates the spleen from surrounding organs and sends tr lar ti
inner layers of the organ. These results are consistent W|t)€ §
2000a; Zidan et al., 2000b), indicating that the structure of sp
camels is similar to that of other mammalian species.

ue toward the
research by (Zidan et al.,
lenic suIe in one-humped

The results of our study also showed that th qu of the spleen is composed of
sinusoids that are rich in blood vessels and res& e forymaintaining blood volume and
pressure, which is consistent with the function ofithe.red pulp reported by (Fares et al., 2023a).
Furthermore, our study found that the splenic ca%is a thin layer of fibrous tissue that
surrounds the spleen and separates it frofhe wunding organs, which is in agreement with
the results reported by (Fares et al.,

Finally, the correlations obs in our study between the physical characteristics of
the spleen and the age and body weight of the dromedaries are consistent with the results
reported by (Brendolan et N:rn et al., 2008). This suggests that the physical changes

ri s

in the spleen of dromr
observed in the SCIQ&tI

e are not unique to our study, but rather are widely
literature. These correlations can provide important insights into the
development of the sple\: a‘|ts functions in the dromedary, as well as potential implications

for the healt g of the animal.
\w he relationships between splenic mass, thickness, width, and length, and
weightyof the dromedaries are significant, indicating that as the dromedary grows, its
spleen SO g ws proportionally. This is consistent with the results of previous studies that
have investigated the correlation between body weight and splenic mass in other animal

11
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species (Brendolan et al., 2007; Wang et al., 2021). These findings may have implications for
veterinary medicine and animal welfare, particularly in relation to the diagnosis and treatment
of diseases that affect the spleen, as well as the potential effects of physiol | changes
associated with growth and development.

Conclusion \\t )
ze weig

The dromedary spleen undergoes significant changes in , and cellular
composition during the first three years of life. These chan ortantfor understanding
the immune function of the dromedary and may hav ractlcaNmpllcatlons for the
management and care of these animals. Understandi he changes in the size and weight of
the spleen may help to inform the development of eight &andards for dromedaries,
which are important for the evaluation of animalﬁ and\well-being. In this study, the size
and weight of the spleen increased significantly bet n eight months and three years of age,
as determined by statistical analysis. Specifically, tWan size of the spleen and the splenic

mass increased by age, which conclud(t‘hat“ dromedary spleen undergoes significant
growth and development during theQ ee years of life.

Similarly, understanding.the gestin the cellular composition of the spleen may help
to identify potential healtrﬂrobl s or changes in immune function that could impact the
health of the dromed

& dy, the cellular composition of the spleen changed
significantly over time. elg\t

nths of age, the spleen contained mostly lymphocytes and a
small number of erthN)c and macrophages. At one year of age, the number of
erythrocytes inerea d and the percentage of lymphocytes decreased. By two years of age, the
spleen \{ \ er percentage of macrophages and the number of erythrocytes
decreas At three years of age, the spleen contained a mix of all three cell types, with the
high percentage of lymphocytes. These changes in cell composition may be due to the
differentfunctions of the spleen at different ages. For example, the increase in erythrocytes at

1 year of age may be related to the increased storage of red blood cells in the spleen at this
12
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age, while the increase in macrophages at three years of age may be related to the increased
immune function of the spleen at this age.
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443
444

445
446

447
448
449
450

Mean (SD) of Mean (SD) of Mean (SD) of Mean (SD) of

Age Groups (n) the mass the length the width the thickness
8 months Groupe 1 (5) 251(14.19) 43.78 (1.95) 19.44 (1.52) % )
One year Groupe 2 (5) 267 (12.59) 45.7 (1.42) 19.8 (1. 69) 4 (0. 19) >
18 months Groupe 3 (5) 280(21.02) 46.2 (1.62) 21.7(1 XS (0.24)
Two years Groupe 4 (5) 297 (12.98) 47.42 (1.46) o \ 2 89 (0.32)

Three years

319.8 49.6 (1. 2“2 (1.69) 3.18(0.34)
Groupe 5 (5) >

(21.91)

SD: Standard Deviation of the mean

X/

Table 2: ANOVA results for the mass of th@omm spleen across different age groups
Source of

Sum of Deg Mean square o
4 F statistic p-value

Variaion squares SS ffee vV s MS

Age groups 14,196. 1600‘ 3,549.0400 11.5064 5.1841e-05
Error 6,168,500 N0, 308.4400

Total 20, 4.9&0 44

be

A si
e

ent

istic and small p-value indicate a significant difference in the splenic mass
age gioups, P <0.001.

Table 3: O\x results for the length of the dromedary spleen across different age groups

18



451
452
453
454
455

456
457
458
459
460
461

Source of Sum of Degrees of Mean square

o F statistic -value
Variaion squares SS freedomv MS
Age groups 92.8840 4 23.2210 8.2438 0.00
F _ ™
Error 56.3360 20 2.8168 \ .
Total 149.2200 24 ‘ \

A significant F statistic and small p-value indicate a significant diffe ﬁ in the splenic length
between the age groups, P < 0.001.

%
Table 4: ANOVA results for the width of the drom spleen &ross different age groups
Source of Sum of Degrees of eansquare E statisti |
statistic -value
Variaion squares SS freedomv M P
Age groups 77.4104 19.35 6.3976 0.0017
Error 60.5000 200 & 3 0250

N
Total 137.9104 *24 \

A significant F statlsm p-value indicate a significant difference in the splenic width
between the age groups:\ wl

TatN \‘ results for the thickness of the dromedary spleen across different age groups
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462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479

Source of Sum of Degrees of

Mean square

Variaion squares SS freedomv MS Fstatistic value
Age groups 5.2916 4 1.3229 16.8587 3.41 6
Error 1.5694 20 0.0785
Total 6.8610 24

A significant F statistic and small p-value indicate a signif erence in the splenic

thickness between the age groups, P < 0.001.
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Figure 2: Dynamic of the splenic mass (A), length (B), width (C) and thickness (D) according to

age groups

on of the spleen in Dromedary during the first three years of life (x40
taining), 1-Capsule, 2-Mesothelium (Smooth Muscle Bundles), 3-
Pulp, 5-White Pulp, 6-Lymphatic Follicle, 7-Peri-arterial Zone, 8-Splenic
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Figure 4: Histo

n of the parenchyma of the spleen in Dromedary during the first
40 Hematoxylin and Eosin Staining), 1- White Pulp (Mantle Zone), 2-
Trabeculae, 3-Pulp Artery, 4-Red Pulp, 5-Sinusoidal Frames
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