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Despite significant progress in the study of the subtle mechanisms of interaction between cellular and molecular elements in
immune responses, the general structure of the organs of the immune system, including the lymph node, has not been sufficiently
studied, in particular in large farm animals. The lymph nodes of sexually mature camels have been studied anatomically and morpho-
logically and advanced studies conducted using an X-ray system and a computer densitometer scanner with injection of a contrast
medium. The topography and characteristics of the morphometric parameters (absolute and relative mass, linear measurements, volume)
of certain somatic and visceral lymph nodes were determined. The mass of the lymph nodes studied varies according to the location
and the interest of the organ in the satellite defense of the lymphoid system, For part of the x-ray examination of the lymph nodes,
organs of large inguinal and axillary shape were selected after passing through a solution of tetraethyl-4,4-diamino-triphenylmethane
oxalate, the lymph vessels were dilated and darkened, then iodine injections were made into the afferent lymphatic vessel of two
lymph nodes; they were placed on the radiological cassette, a photograph taken on conventional radiography, for computer densito-
meter, the examination was made without preparation of the organs. A capsule encompasses the parenchyma of the lymph node,
whose internal structure is composed of different zones, cortical, paracortical and medullary, on the one hand the lymphatic vessels
were very clear especially with the conventional radiography with preparation of the organs, while the computer densitometer clearly
revealed the deep texture of the parenchyma, basing it on the intensity of emission saturation from the use of computer densitometer.
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Introduction

Lymph nodes are peripheral organs of the lymphatic system (Rebelat-
to, 2018). They serve as a biological filter through which the lymph flows
from the organs and parts of the body. Lymph nodes provide immunolo-
gical protection by cleaning the lymph from pathogens and foreign agents
(Willard-Mack, 2006). They also deposit tymph, perform an antigen-de-
pendent proliferation and differentiate T and B lymphocytes into effector
cells. In the lymph nodes, factors of cellular and humoral immunity are
formed, the formation of memory cells is noted (Pabst, 2020). In the
lymph node, the lymph circulates through a complex system of lymphatic
sinuses: subcapsular, intermediate, cortical, medullar and chylous, where
conditions are created for the interaction of antigens with cells presenting
special antigens. Lymphoid cells also participate in lymphatic cleansing.
Due to antigenic stimulation, proliferation of lymphocytes and plasma
cells occurs and, therefore, antibodies enter the lymph (Elmore, 2006).

According to the generally accepted scheme for describing the struc-
ture of the lymph node, a framework of connective tissue is distinguished
there, which includes a capsule with thickening of the hilum and trabecu-
lae which leave it, as well as a lymphoid parenchyma formed by reticular
tissue with cellular elements located within it. The lymph node capsule
and trabeculae are made up of dense, unformed fibrous connective tissue
with collagen, a small amount of elastic and reticular fibers, and smooth
muscle cells, which are myocytes (Harisinghani, 2012). The trabeculae are
connected to each other and form a spongy armour designed by the frame.
According to Gavrilin et al. (2015, 2017a, 2017b) the skeleton of the intra-
nodal connective tissue of the dromedary lymph node is represented by
two types of trabeculae, we note the muscular connective tissue (type I)
and the smooth muscle (type 1I). The lymphatic sinuses are divided into
large sub capsular and peritrabecular trabeculae of type I, as well as less

developed, for peritrabecular trabeculae of type I and medullar cord.
An analysis of data from the literature on the development of active fol-
licles in mammals in ontogenesis indicates that the laying of various
groups of nodes does not take place simultaneously, and the timing of
their laying depends on the location (Margaris & Black, 2012). Lobular
lymph node structure is formed in mammals during embryogenesis follo-
wing the introduction of mesenchymal structures in the light of lymphatic
sinuses (Mebius, 2003). The appearance of signs of a definitive structure
of the lymph node parenchyma in mammals is debatable. In the work of
various authors, it varies from the middle of the fetal period to the initial
stages of postnatal ontogenesis (Taher et al., 1989). According to studies
of the lymph nodes of fetuses from cattle, the isolation of lymphoid lobu-
les and the formation of the complex of the main functional areas of the
parenchyma occur from 5 months (Gavrilin et al., 2018).

The dromedary (Camelus dromedarius Linnaeus, 1758), is a species
of mammal with the most advanced adaptation mechanisms to difficult
climatic conditions. In this study on this species according to data already
exploited by (Nourinezhad et al., 2015, 2016), we used several different
lymph nodes; aspects of the dromedary lymph nodes are discussed. The
position of the dromedary lymph nodes is summarized and illustrated in
anatomical tables explaining the position and precise topography of each
unit. Studies have been carried out on the macroscopic aspects of the
lymph nodes in dromedaries (Abdel-Magied et al., 2001).

The number of lymph nodes in the dromedary is only about 131
(Fowler et al., 1988). Simple lymph nodes are located in connective tissue
or adipose tissue and can be arranged in a chain or grouped in clusters.
Their size is variable and depends on the age of the animal. In the works
devoted to the structure of the lymph nodes, it is indicated that their paren-
chyma is divided into specialized zones, without any precise diagram of
their relative position and their localization (Abdel-Magied etal., 2001;
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Zidan & Pabst, 2002, 2012). According to the authors, it was found that
the morphology and the lymph node structure of the dromedary have
intermediate characters which are characteristic of both mammals in gen-
eral and in particular of the pig (Gavrilin et al., 2017; Kraitchman et al.,
2017). Detailed anatomical data must be obtained concerning the lymph
nodes which play an important role in the defense mechanism of the body
against the invasion of foreign bodies (Reiter et al., 2018). In addition, they
can be easily felt in animals during meat inspection. Studies have been
carried out on the macroscopic aspects of the lymph nodes in dromedaries,
while there is a lack of data on the anatomy and the topography of the
lymph nodes, especially for this particular animal.

This has allows us to know with certainty that the lymph node of the
dromedary is complex. The lack of information means that a thorough ex-
ploration of these organs in this species is required, all the results that we
could have had after the analysis are directly in line with the theory of
immunology, such a complex requires work with conventional methods
and modermn, ultra structure is the problem of the day, according to the au-
thors who have worked on the camel's immune system. The use of so-cal-
led “conventional” radiology is the exploration of internal anatomical
structures using the image provided by a beam of X-rays passing through
the organ (Maher et al., 2020). It remains relevant in the foreground ex-
ploitation in many fields of medicine in spite of the appearance of new
techniques. According to the nature of the tissues, crossed X-rays will be
more or less attenuated and will give in the end a radiological contrasted
image. The identification by imaging of the normal lymphatic channels has
always been a difficult exercise due to their very small size, their slow
flow and the ignorance of their anatomy which was mentioned by the au-
thors (Gor et al., 2006).

Imaging is rarely used routinely for the study of tymphatic circulation
because it is complex to implement. Imaging of the lymphatic pathways is
now mainly based on lymphography; the caliber of normal lymphatic
pathways makes it possible to obtain images of these pathways (Kelch
etal,, 2019). The image of normal lymphatic pathways is not described
because the lymphatic anatomy and radiology skills are poorly understood
in veterinary medicine. There is almost no work in the world literature on
this subject.

The use of imaging for precise identification and characterization of
the lymph nodes are of major importance, so it becomes crucial to have
information in this area to initiate research with imaging modalities in dif-
ferent sections, which currently rely on the morphological criteria of the
organ. In recent years, studies have shown that these new imaging techni-
ques can bridge some of the limitations of existing imaging for nodal cha-
racterization and thus provide valuable information for the first time. This
will be used in dromedaries as a type animal hence the need to develop
targeted techniques for nodal imaging and characterization as indicated in
this article.

Our goal in this research is to evidence the macroscopic appearance
of the lymph nodes of the dromedary and also deepen through the radiolo-
gy technique knowledge of the in situ structure of this organ.

Materials and methods

The protocol of the experimental part of the study at the stages of ani-
mal care and their withdrawal from the experiment corresponded to the
principles of biological ethics, the removal of the organs of which was
done at the level of the meat slaughterhouses, for human consumption,
agreed with the local ethics committee of Souk Ahras University, Algeria.

The somatic (inguinal, axillary, popliteal) and visceral (retro pharyn-
geal, tracheobronchial, mesenteric) tymph nodes studied were obtained at
the slaughterhouse, from ten mature adult camels (Camelus dromedarius),
of the Ouled Sidi Chikh breed from southern Algeria. They were clinically
healthy and untreated preventively, the animals’ weight was between 328
and 454 kg. The organs were removed after dissection and anatomical
evisceration of the animals.

During sampling, the anatomo-topographic characteristics of each
lymph node were determined, the organs studied were prepared according
to a specific process in which the fatty tissue that envelops these organs
was carefully removed, and this step requires the use of a scalpel. Pictures
of organs were taken with a digital camera Nikon D7500 and processing

on PC. The absolute mass of each lymph node was adjusted using an
electronic scale "Tehniprot-WTW", up to 0.002 mg, and also the relative
mass of the organs to the body mass of the animal was calculated.

Linear dimensions (length, width) of each lymph node were determi-
ned using a centimeter ruler with a division of 1 mm. The volume of each
lymph node was calculated using a volumetric technique, in a container
graduated in milliliters which contains a coloured solution, the organ was
immersed and the difference in excess of the liquid estimated in mnt’.

The radiological exploration of the lymph nodes was carried out in a
diagnostic radiology clinic with the help of a radiology operator. Standard
and conventional radiography was used with an AeroDR X60 Konica Mi-
nolta system, with a 360° rotation. Screen 10 inch as a central interface for
intelligent control and monitoring during the examination. The technique
was carried out in two stages, the first step without preparation, i.e. there is
no injection of contrast agent in the organ, whereas the second step requi-
red an injection of contrast agent Radioselectan UV 76% 370 mg of
lIodine / mL Meglumine amidotrizoate, with a very fine syringe needle,
one dose 0.1 mL was injected through some lymphatic vessels of the
inguinal and axillary lymph nodes after they were impregnated in a solu-
tion of tetra-ethyl-4,4-diamino triphenyl methane oxalate for 24 hours in
order to reduce the rigidity of the organ and facilitate penetration of the
contrast medium. This technique makes it possible to detect a linear har-
monic response of the various structures of the organ and also a three-
dimensional view and it depended on the nature of the contrast product
and its infiltration. The organs are placed on a cassette which contains an
X-ray sensitive fluorescent film, the images are developed in a dark room
with an XR 24 PRO digital development device, the quality of the radio-
graphic image conditions the interpretation of the radiographic organs, we
observe black zones corresponding to air and corresponding white zone
structures of the different compartments. We identify the contours of the
organs, clearly distinguished and visible areas. This technique makes it
possible to detect a linear harmonic response of the various structures of
the organ with a three-dimensional view and it depends on the nature of
the contrast product and its infiltration.

For scanning with a CT scanner, the device used was the CT-Tomo-
graphy-16 Scanner-Scintcare CT 16-Scanner, the axillary and inguinal
lymph nodes were immersed in a glass container of distilled water, we
note that in this stage of examination, the organs had not undergone any
prior preparation and were then placed on the cart of the CT scanner. The
cuts were made on an apparatus with multiple bars MX 8000 (Marconi”)
without injection of contrast in spiral acquisition in fused sections of 2 or
3 mm with reconstruction of fine axial and coronal sections in window for
the soft parts, photographs were stored on the device monitoring screen, a
treatment of different three-dimensional trajectories was made.

Statistical analysis of the results was carried out in Statistica 10.0
(StatSoft Inc., USA). Differences between samples were determined using
ANOVA and were considered significant at P < 0.05.

Results

After dissection of the animal, the somatic tymph nodes were the first
to be investigated, it was found that the axillary lymph node appears cons-
tant, more or less flattened of almost circular shape, it is placed at the level
of the third rib on the serrated muscle of the thorax and below the axillary
vein (Fig. 1). Its deep face is related to the large round muscle and the
thoraco-dorsal artery. The popliteal lymph node appears constant and has
an ovoid shape. And located in the popliteal fossa, it is almost on the sur-
face, however hidden by the thick elastic blade which strengthens the leg
fascia, for the inguinal lymph node, it appears bulky, enormous, elongated
and spindle-shaped. This lymph node in the male is located in the crease
of the groin a hand’s breadth above the rudimentary teats. It remains on
the abdominal coat. The scrotal node is related to the caudal preputial
muscles and limited ventrally by the abdominal subcutaneous vein. Whe-
reas in the female, it was located in the region of the inguinal. The two
ganglia are side by side and are in the perimammary position. They are
covered by the skin and are related to the pectineal muscles.

For the visceral lymph nodes, it was detected that the mesenteric
lymph node is located in the terminal part of the rectum. The tracheobron-
chial lymph node is superimposed on the bifurcation of the trachea to-
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wards the bronchi, and it was found that this lymph node is composed of
two symmetrical portions: the right and left tracheobronchial nodes. It has
been observed that the right tracheobronchial lymph node is placed against
the termination of the trachea at the birth of the tracheal bronchus. The left
tracheobronchial tymph node was bifurcated with a thin flat part and the
other spherical. It is visible on the left behind the aortic arch, for the retro-
pharyngeal lymph node seems bulky and hollowed out by a groove where
the common carotid artery lodges; it is in cranial connection with the
mandibular lymph node and dorsally with the occipital artery (Fig. 2).

b
c -
Fig. 1. The morphometry of certain somatic lymph nodes in dromedaries:

a—inguinal lymph node, b — axillary lymph node,
c—popliteal lymph node; bar— 1 cm

a-
b-
c-

Fig. 2. The morphometry of certain visceral tymph nodes in dromedaries:
a—tracheobronchial lymph node, b —retropharyngeal lymph node,
c—mesenteric lymph node; bar— 1 cm
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After measuring the mass of the sampled lymph nodes, and calcula-
ting the relative mass of each one with respect to the weight of the animal,
it was found that the maximum value of the absolute mass was 42.75 g
found on the somatic lymph node axillary, with a relative mass of 0.012%,
and the minimum value of absolute mass was 4.23 g found on the visceral
tracheobronchial lymph node, with a relative mass of 0.006% (Table 1).

Table
Absolute and relative mass of the lymph nodes in dromedaries

Lymph nodes Absolute mass, g Relative mass, %
inguinal 11.51+0.145 0.003 % 0.0005
Somatic  axillary 4275+0.149 0.012+0.0002
popliteal 1742+0.125 0.005 +0.0002
retropharyngeal 15.72+0.158 0.008+0.0005
Visceral  tracheal bronchial 4.23+0.149 0.006+0.0009
mesenteric 7.04+0.125 0.004+0.0007

After measuring the length and width of the somatic lymph nodes
(popliteal, inguinal and axillary), it was found that the maximum value of
the length was 8.20 cm for the axillary lymph node with a width of 6.90 +
0.694 cm, for the inguinal tymph node, the minimum length was 5.30 cm
with a width of 2.60 + 0.126 cm, for the popliteal somatic lymph node, its
length was 6.70 + 0.129 cm and a width of 3.50 + 0.147 cm, taking pictu-
res of each lymph node helped us a lot in studying the external morpholo-
gy of this organ (Fig. 3).
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Fig. 3. Length (@) and width () of certain lymph nodes in dromedaries
(n= 10): I —inguinal lymph node, 2 —axillary lymph node, 3 — popliteal
lymph node, 4 — retropharyngeal lymph node, 5 — tracheobronchial
lymph node, 6 —mesenteric lymph node

Concerning the visceral lymph nodes, the retropharyngeal presented a
maximum length of 7.20 + 0.114 cm and a width of 3.90 + 0.192 cm,
while the minimum length for the tracheobronchial Ilymph node was 3.90 +
0.756 cm and a width of 1.30 + 0.745 cm, and the mesenteric lymph node
had a length of 5.40 £ 0.385 cm with a width of 2.30 + 0.296 cm (Fig. 3).
After measuring the volume of the lymph nodes, it was found that the
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maximum value of the volume was 0439 mm’ in the axillary somatic
lymph node with relative volume of 0.605%, and the minimum value was
0.028 mm’, tracheobronchial visceral lymph node with relative volume of
0.079%. And the other results of volume are mentioned in Figure 4.

0.50

0.45
0.40

0.35

0.30

0.25
0.20
0.15 @

0.10

Volume, mm®

0.05 =

0.00

1 2 3 4 5 6
Lymph nodes

Fig. 4. Volume of certain lymph nodes in dromedaries (n = 10):
1 —inguinal lymph node, 2 — axillary lymph node, 3 — popliteal
lymph node, 4 — retropharyngeal lymph node, 5 — tracheobronchial
lymph node, 6 — mesenteric lymph node

The radiological examination without preparation did not give signif-
icant results; this was due to the presence of a very dense layer of connec-
tive tissue, this is why the use of iodine-based clouding solution was ne-
cessary to properly visualize the content of the organ with its different
components.

The image of the x-ray of the axillary lymph node has shown us only
that it is normal and typically homogeneous, of density equivalent to that
of muscle tissue, the contour is regular, located in a fatty environment.

The maximum diameter in the axial plane is conventionally 15 cm
and 9 cm for an inguinal lymph node. The size criterion corresponds to
our morphometric study data, the inguinal lymph node presented a reni-
form and oblong image (Fig. 5).

On examination by conventional radiology, which requires the use of
iodized product of the dromedary lymph nodes, simultaneously opacify-
ing arteries and veins makes it possible to differentiate from the vascular
structures of the organ. It is therefore an essential quality criterion for a
well performed examination. After injection, we provided an image of in-
filtration of contrast product in the internal lymphatic channels, going into
the medullary region, in partial improvement, the capsule of the axillary
lymph node was lifted for the first time and became opaque and the area
surrounding was improved unevenly. Certain peripheral hypo-dense areas
of the whole organ that had not improved were observed in the inguinal
Iymph node. The enhanced contrast imaging also showed that enhance-
ment of contrast occurs mainly in the internal regions, suggesting an initial
distribution of contrast of the sub capsular sinuses. Our study showed that
most of the internal lymphatic vessels detected were partially and uneven-
ly improved.

We observed that the axillary lymph node is of rounded shape, with a
cortex periphery para cortex below including medullary center and hilum
normally visible, this image was clear with the change in the shade of opa-
cification. One could also see that the area of extension of the cortical area
of the inguinal lymph node is due to a presence probably in the follicles
which are very numerous at this level, the appreciation of the invasion of
this area at the lower parenchyma leading to a medullary area, many ves-
sels were seen as a fluctuation of the submerged braided folds, the radiolo-
gical enlarged inguinal lymph node was assessed, the location and the
most representative radiographic view. Simultaneous images were also
noted and grouped. There was no statistically significant difference in the
size of the lymph node between the lateral views of the radiograph, not
enlarged and positioned more dorsally, no statistical difference between
the right and left lateral, as for the projection on which the lymph node
lymphatic was enlarged at a distance, the different compartments seemed
well defined (Fig. 6). Visualization of the lymphatic pathways, some of

which ran along the cortical area, either down or up to the nodes located at
the origin of the hilum or directly at the bottom of the medullary area.
Many vessels were seen as a fluctuation of the submerged braided folds,
the radiological enlarged inguinal lymph node was assessed, the location
and the most representative radiographic view. The other lymphatic ves-
sels reached the periphery of this lymph node. On the left side, we can see
lymphatic vessels that also run along the cortical area of the inguinal
lymph node with the presence of two lymphatic bags just at the end of the
drained area. The lymphatic vessels gradually regress along the sub capsu-
lar zone, the spatial organization of the lymphatic channels become opa-
que, from which they remain independent. The collectors at the level of
the axillary lymph node develop first by budding of pre-existing vessels,
with several communicating vessels and connect to each other in the
lymphatic system.

Fig. 5. Standard x-rays without preparation axillary lymph node (a, b),
slight opacification in 1 due to the presence of non-significant soft tissue;
inguinal lymph node (c), presence of two opacification zones in 1 due
to the presence of soft tissue divided into two zones

The CT scanner offers better resolution in contrast and allows us to
obtain cross-sections in the three planes of space. The indications in the
study of the internal architecture of the axillary lymph node are made by
passing through the lateral and posterior regions. The lymph node appears
on the first image normal, homogeneous, is typically iso-intense compared
to the muscular tissue and hypo-intense compared to the fatty tissue. On
the second and third image, the axillary lymph node appears hyper intense
compared to the muscle and slightly more intense than fat, that it is iso-
intense and indistinguishable from environmental fat.

Using a CT, we could see photos of the tymph nodes, whose periphe-
1y is very clear, which is the capsule, the cortical area is very developed.
On the other hand the medullar area was less concentric and this decon-
centration goes towards the edges of the hilum. The appearance of two
medullar zones in a single lobule, the afferent lymphatic vessel is clearly
visible, on the other hand the efferent lymphatic vessels are less visible.

Looking on the second and the third picture, it was noted that the un-
improved axillary lymph node had a lower signal intensity than the surro-
unding fat and appeared homogeneous internally. Also it was observed
that the capsule was not very narrow, elongated and the low signal intensi-
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ty was separable from the oval or rounded structures located below this
zone whose signal intensity was higher. Theoretically, the histological
analysis cites that the rounded structures corresponded to the follicles of
the cortical and paracortical zone, while the linear structures corresponded
to the medullary sinuses of the lymph node (Fig. 7).

Fig. 6. Conventional radiology with preparation of iodine injection in situ
of the lymph node of the dromedary: a — axillary tymph node: 7 — capsule,
2 — paracortical zone, 3 — subcapsular lymphatic vessels, 4 — cortical
lymphatic vessels, 5 —medullary zone, 6 — gates of the lymph node,
7—zone of the cortex, 8§ — peri-medullary lymphatic vessels; b — inguinal
lymph node: 7 — capsule, 2 — paracortical zones, 3 — cortical zones,

4 — gates of the lymph node, 5 — medullary zones, 6 — cortical
lymphatic vessels, 7 — peri-medullary lymphatic vessels; bar— 1 cm

A careful examination with the CT scan of a longitudinal section also
showed that the cortical area surrounding the medullary area, a difference
between the two compartments is clearly seen by a difference in colour, all
are wrapped in a capsule, a cross section showed the same results, the
lymphatic vessels appear much better, large in size, with tuberosities on
the outer surface of the lymph node. At the level of the parenchyma, it has
been distinguished that the extension surface of the cortical zone is due to
a presence probably in the follicles, which are very numerous at this level,
the appreciation of the invasion of this zone in the lower parenchyma go-
ing towards the medullary area, simultaneous images were also noted and
grouped and which also show that there is no statistically significant diffe-
rence in the size of the lymph node, not enlarged and positioned more dor-
sally, no statistical difference between the lateral ones right and left, as for
the projection on which the axillary lymph node was enlarged at a distan-
ce, the different compartments seemed well defined (Fig. 8).

Further exploration with CT of the inguinal lymph node revealed a
slight increase in density, clearly visible on the dorsal sides and that it had
more distinct margins on the dorsoventral view due to the anatomical
complexity of this area (Fig. 9).

It has also been elucidated that the trabeculae extending centrally
from the periphery represent the hilum of the inguinal lymph node and
contain, among others, ramifications, it is vertically oriented and has a tri-
angular configuration and extending from the medial cortex until the peri-
phery with a fan-shaped configuration, extending from a delimited central
region, the displacement is graduated according to position of the trabecu-
lar, it was noted that the medial trabeculae form a misaligned angle.

Fig. 7. CT of the axillary lymph node of the dromedary without
preparation: @ — axial view T1 saturation 20%, b —axial view T2 60%
saturation, ¢ —axial view T3 85% saturation: / — gates of the lymph node,
2 —paracortical zone, 3 — cortical zone, 4 — medullary zone,
5—deep medullary zone, 6 — capsule; bar— 1 cm

Fig. 8. CT of'the dorsoventral inguinal lymph node of the dromedary,
T1 saturation 35%, multi-center view of the different layers of stroma
cortical and medullar zone: / — gates of the lymph node, 2 — capsule,
3 — cortical zone, 4 — paracortex zone, 5 — medullary zone,

6— deep cortical zone; bar— 1 cm

Discussion

Looking at the results we found, we noticed that they are similar to
the data of other researchers who studied the morphology and anatomy of
the lymph node in animals. The axillary lymph node appears constant,
more or less flattened, of almost circular shape, placed at the height of the
third dimension on the serrated muscle of the chest and below the axillary
vein, its depth is related to the large round muscle and the thoraco-dorsal
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artery (Fowler et al., 1988). The popliteal lymph node appears constant,
and has an ovoid shape, is located in the popliteal fossa, on the twin mus-
cles of the leg. The latter is almost on the surface although it is hidden by
the thick elastic blade which strengthens the leg fascia. The inguinal
lymph node appears bulky, enormous, elongated and fusiform, in the male
its location is in the fold of the groin across the rudimentary teats. It rests
on the abdominal coat, which has been demonstrated by the author (Abell-
Magied et al., 2001; Saliman & Mazher, 2005). The scrotal node is related
to the caudal preputial muscles and is limited ventrally by the abdominal
subcutaneous vein. While in the female it is located in the inguinal region,
the two ganglia are side by side and are in the perimammary position.
They are covered by the skin and are related to the pectineal muscles.
Topographically, the mesenteric visceral tymph nodes are located in the
terminal part of the rectum. Conceming the tracheobronchial lymph node,
this lymph node is composed of two symmetrical portions: the right and
left tracheobronchial tymph nodes.

Fig. 9. Short axis oval well limited regular contours with a fatty hilum
homogeneous peripheral enhancement with a single lobe containing:
a—view T1 saturation 35%: I — gates of the lymph node, 2 — capsule,
3 —cortical zone, 4 —paracortical zone, 5 — medullary zone,
6 — subcapsular zone; b — view T1 saturation 85%: / — gates of the
lymph node, 2 — subcapsular zone, 3 — cortical zone, 4 — cortical
lymphatic vessels, 5 — medullary zone, 6 — capsular zone; bar— 1 cm

The right tracheobronchial node is placed against the termination of
the trachea at the birth of the tracheal bronchus, whereas the left tracheo-
bronchial lymph node was bifurcated with a thin flattened part and the
other globose. It is visible on the left behind the aortic arch, for the retro-
pharyngeal lymph node seems bulky and hollowed out by a groove where
the common carotid artery lodges; it is in cranial connection with the man-
dibular gland and dorsally with the occipital artery.

The locations of most of the lymph nodes in different types of animals
are largely the same. According to researchers (Gasisova et al., 2017), in
cattle and sheep, the nodes are the same, they are bean-shaped, oval or
rounded, usually surrounded by fatty tissue and have a grey colour or
intense grey in the section.

According to Artemeva & Chekarova (2019), in goats there is a simi-
lar arrangement, but many of them are lunar in shape, also according to
the author (Bode et al., 2018) in pigs, many large lymph nodes on the
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surface have a pronounced lotion or tuberosity (Lossi et al., 2016). Indivi-
dual lymph nodes are represented by bundles made up of different num-
bers of small nodules scattered in the fatty tissue (especially in the head
and neck). On the cut, the colour of the lymph nodes is pinkish white or
white (they are similar to fat, but denser and contact). In horses, the lymph
nodes occupy the same areas as in other animals, with minor differences
(Janvier et al., 2015). They are made up of groups (20-40) of nodules
constituting the packets. The colour is pale grey.

The study of the absolute and relative mass of the lymph nodes carri-
ed out by (Gavrilin et al., 2017), in newbomn calves revealed that the
lymph nodes are characterized by a certain mass and morphometric para-
meters, which largely depend on the prenatal development of animals,
also in calves with a high morpho-functional status of the organism, the
absolute mass of the lymph nodes varies in a few grams (Gouda, 2016),
which correspond to our results which state the mass of the removed
lymph nodes, and calculates the relative mass of each organ with respect
to the weight of the animal. It was found that the maximum value of the
absolute mass was 42.75 g on the axillary somatic lymph node, with a
relative mass of 0.012%, and the minimum value of absolute mass was
4.2 g on the tracheobronchial visceral lymph node, with a relative mass of
0.006%. For the other lymph nodes variable results were found, for the
inguinal lymph node the absolute mass was 11.5 g with a relative mass of
0.003%, for the popliteal lymph node the absolute mass noticed was 174 g
with a relative mass of 0.005%, for the retro pharyngeal lymph node the
absolute mass was 15.7 g, with a relative mass of 0.003%, for the mesenteric
lymph node the absolute mass was 7.0 g with a relative mass of 0.004%.

Regarding the morphometry of the lymph nodes, the length and
width of the lymph nodes, the maximum length of 8.2 cm was found for
the axillary somatic tymph node, while the minimum value of 3.9 cm was
found for the tracheobronchial visceral tymph node. For width, the maxi-
mum value for width was 6.9 cm for the axillary somatic lymph node, and
the minimum value was 1.3 cm for the tracheobronchial visceral lymph
node, same results found by the authors (Al Aiyan et al., 2019). The study
of the lymph node volume revealed to us that the maximum value of the
volume was 0.44 mm’ in the axillary somatic lymph node with relative
volume of 0.61%, and the minimum value was 0.03 mm® in the visceral
tracheobronchial lymph node with relative volume of 0.08%.

The minimum value for width was 0.9 cm for the retro-pharyngeal
visceral lymph node, data similar to (Abdel-Magied et al., 2001).

Standard radiography without preparation of the organs revealed little
data for which the use of contrast agent is necessary because it is a soft
organ, as the authors quote (Watson & Heng, 2017). The images obtained
by conventional radiology allowed us to visualize in vitro the internal
structure of the dromedary lymph nodes. Using this technique, we have
achieved sufficient resolution to reach the micro-vessels of the lymph
nodes. To our knowledge, this is the first use of imagery on the dromedary
lymph nodes which has provided us with detailed information on the
internal morphology of this organ as many researchers have tried to ex-
ploit this organ in animals, which is quoted in the review of animals (Stah-
leetal, 2019).

The resolution imaging capacity i vitro was more beneficial for the
study of the lymph node without having it incised by the standard method
which involves the elimination of adipose tissue, which could lead to da-
mage to the organ and keep its macroscopic aspect, which could constitute
the base of the anatomical structure. Our methods make it possible to vi-
sualize the lymphatic vessels. Although the importance of visualizing the
different compartments of the lymph node is known, vascularization was
a largely unexplored area due to the lack of research.

Several attempts have been made to highlight the intra nodal architec-
ture using the technique of mass infiltration of the anchor dye and histolo-
gical examination by microscopy to locate the high-endothelial vessels in
the lymph node (Gavrilin & Kolesnyk, 2019). However, this imaging
technique can be performed with existing conventional radiology without
being limited by the compromise between resolution and depth of penetra-
tion. The preparation of the lymph nodes with a contrast agent showed us
a thick layer like an envelope penetrating the organ and forming internal
lobular cavities, the medullary zones are very clear by the trajectories of
the trabecular spans corresponding to the opening of the channels of the
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hilum, the same results were found in the lymph nodes of cattle by re-
searchers (Gadre et al, 2018).

This exploration technique is still being improved to highlight the va-
rious anomalies of the lymphatic circulation using non-harmful contrast
agents (Davenport et al., 2020). The three-dimensional architecture of the
lymph nodes highlighted by computer tomography reveals the presence of
segments of the parenchyma formed of a distinct structural unit, surroun-
ded by a layer of connective tissue of variable shape; these results have
been cited by the authors (Sun et al.,, 2019).

The radiological examination without preparation did not give signifi-
cant results; this is due to the presence of a very dense layer of connective
tissue, results similar to the data of (Ying & Ahuja, 2003).

In our results, we were able to demonstrate that the dromedary tymph
nodes, under infiltration of the contrast product in the internal lymphatic
channels, the concentration of the product going towards the medullary
zone emerges at the level of the hilum by passing through the lymphatic
bundle. Regarding CT research, our study had some limitations. The me-
chanical scanning method used in our study did not offer any infiltration of
contrast product, limiting the resolution in the third dimension. This res-
triction can be overcome by using a two-dimensional matrix network to
perform this full three-dimensional imaging. Another limitation of mecha-
nical scanning is the long acquisition time required to obtain sufficient data
in each plane. In addition, micro-CT was performed separately on the dro-
medary lymph node.

By exploring the dromedary lymph nodes by the CT in vitro, we ge-
nerally found that the sub capsular periphery is very clear, the cortical zone
is very developed, on the other hand the medullary zone is less concentric
with the appearance of two medullary areas in a single lobule, the afferent
lymphatic vessel is clearly visible, but the efferent lymphatic vessels are
less visible.

Conclusion

In our research, results obtained on the study of the anatomy and to-
pography of the lymph nodes elucidated for the six organs namely; the
axillary lymph node appears constant, more or less flattened, almost circu-
lar in shape. The popliteal lymph node appears constant, and has an ovoid
shape, located in the popliteal fossa, on the twin muscles of the leg, for the
inguinal lymph node, it appears large, enormous, elongated and fusiform,
it rests on the abdominal coat.

Among the visceral lymph nodes, the mesenteric lymph node is lo-
cated in the terminal part of the rectum. The tracheobronchial lymph node
is superimposed on the bifurcation of the trachea towards the bronchi,
while the retro-pharyngeal lymph node seems bulky and hollowed out by
a gutter where the common carotid artery lodges. The mass of the lymph
nodes studied varies according to the localization of the organ in the satel-
lite defense of the lymphoid system, being of very different length and
width.

In our research, we were able to elucidate by conventional radiology
the structure and lymphatic circulation with the formation of lobules, all of
which are surrounded by a thick layer of connective tissue which is the
capsule. The in vitro resolution imaging capacity was more beneficial for
the study of the lymph node, without having it incised by the standard me-
thod, which involves the elimination of adipose tissue, which could lead to
damage to the organ and to maintain its macroscopic appearance, which
could constitute the base of the anatomical structure. Our methods make it
possible to visualize the lymphatic vessels. Although the importance of
visualizing the different compartments of the lymph node is known, vas-
cularization was a largely unexplored area due to the lack of research.
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