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In modern human medicine, the rabbit is an appro-
priate animal model for scientific morphological and 
clinical investigations. New Zealand white rabbits are 
used for research experiments. They are calm and toler-
ate disorders better than other species. They are used 
as models for anatomical and histological studies, and 
for anatomical imaging research in humans (25). In ad-
dition, the anatomy of the New Zealand white rabbit’s 
suprarenal glands is used to explore the alterations that 
occur in human suprarenal neoplasia (24).

The suprarenal glands in humans and mammals are 
paired organs located in the abdominal cavity. They 

are situated close to the kidneys. In some cases, the 
glands can be found cranial to both kidneys. Each gland 
is composed of a macroscopically visible capsule, 
a cortex, and a centrally located medulla. There are 
similarities in the location and topography of the glands 
in humans and rabbits. The rabbit adrenal glands are 
rose-gray ellipsoid elongated organs. Each suprarenal 
gland is located ahead of the cranial pole of the cor-
responding kidney. The glands are distinguished from 
the kidneys by the vessels that pass between them (4). 
A previous study (17) has shown the topography of 
the left and right suprarenal glands near the superior 
medial pole of the kidneys, whereas in humans, they 
are located above the superior poles.

1) A part of this study was presented as a poster presentation at the 1st Inter-
national Health Science and Life Congress in Burdur, Turkey. May 2-5, 2017.
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Summary

The morphological characteristics of the rabbit adrenal glands are currently investigated using routine 
imaging modalities. The aim of the study was to collect and interpret major findings and information in the 
literature on the rabbit as an animal model for investigations in humans. The suprarenal glands of thirty-four 
mature, clinically healthy New Zealand rabbits were studied using anatomical, routine histology, radiology, 
computed tomography, ultrasonography, and magnetic resonance imaging methods. The results demonstrated 
that the rabbit suprarenal glands are paired ellipsoid organs. The right gland was close to the right kidney, 
whereas the left gland was located at a distance from the left kidney. The capsule was composed of dense 
connective tissue. The parenchyma consisted of three zones: zona glomerulosa, zona fasciculate, and zona 
reticularis. The medulla was in the center of the glandular parenchyma. The glands’ radiological and CT 
features defined their position relative to the right and left kidneys. The right suprarenal gland was with normal 
attenuation. The left suprarenal gland was located at a distance from the left kidney. The US features of the 
glands demonstrated variability in darkness and contrast, revealing specific histological features. The MRI 
peculiarities of the glands defined them as well visible findings.
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There are differences in the shape of the suprarenal 
glands in humans and other mammals. In humans, 
the glands are pyramidal in shape; the left is an in-
complete pyramid, and the right is a typical pyramid. 
Each gland consists of a base, two surfaces (anterior 
and posterior), medial and lateral borders, and a pin. 
The base is narrow and ascends to reach the superior 
pole of the kidney, and at the medial border, the gland 
descends to reach the hilum of the kidney. The anterior 
surface of the right suprarenal gland is located close 
to the liver, on which it forms an impression. The 
posterior surface is orientated to the right crus of the 
diaphragm. Both crus of the diaphragm separate the 
glands at the 12th thoracic vertebra on the right and the 
1st lumbar vertebra on the left. The medial border of 
the right suprarenal gland is close to the inferior vena 
cava. The left gland reaches the abdominal aorta (4).

Literature data concerning the anatomical and his-
tological features of the rabbit suprarenal glands and 
their vascularisation are scarce. This is despite their 
morphological characteristics being widely applicable 
as a model for research on the human suprarenal glands 
(13, 32).

The macroscopic features of the suprarenal glands 
in domestic mammals show that both are composed 
of a cortex and a medulla. The glands are enveloped 
by a fine connective tissue capsule. The cortex and 
the medulla are macroscopically visible, since their 
color is different. Often the cortex is yellowish, and 
the medulla is reddish. The red color of the medulla 
is produced by the passage of the medullary vein (2).

A histological study of the goat suprarenal glands 
has been conducted in order to provide data on the 
morphological features of the glands in puberty and 
their development during sexual maturation. The study 
revealed that the goat suprarenal glands are enveloped 
by a two-layered capsule, and there are three well 
developed zones in the cortex: the zona glomerulosa, 
zona fasciculata, and zona reticularis. The widest zone 
is the zona fasciculata (10).

Two comparative anatomical and histological studies 
of the rabbit suprarenal glands have been performed 
to generate morphological data and to demonstrate 
the similarity of these glands to the human suprarenal 
glands (15, 28). Similarly to the human glands, the 
rabbit glands are paired retroperitoneal organs. They 
are embedded in fat tissue and are white or creamy 
in color. Their shape varies from oval to sickle. The 
glands are located superior to the superior pole of the 
kidney. A specific feature of the rabbit glands is that the 
left gland is located at a distance from the left kidney. 
The histological structure of these endocrine organs in 
mature animals reveals a two-layer capsule composed 
of a fibrous layer and a cellular layer. The parenchyma 
consists of three well-developed zones. The zona 
glomerulosa contains many sinusoids. In this zone, 
parenchyma cells are arranged in radiating cellular 
columns. These columns form arches with connective 

tissue of capsular origin in between. This connective 
tissue reaches the medulla. The zona fasciculata is 
the most developed zone, which extends largely in 
the cortex, between the zona glomerulosa and zona 
reticularis. It is composed of cubic cells distributed 
in cords. Between them, there are connective tissue 
strands with sinusoid capillaries. The zona reticularis 
is the third zone. Located between the medulla and 
zona fasciculata, it looks like a network because of 
the arrangement of its cells. The sinusoid capillaries 
are large and sinusoidal. There is no visible border 
between the medulla and zona reticularis. The centrally 
located medulla is constructed from chromaffin ovoid 
cells, which are grouped in cellular cords encircling 
the central vein.

Radiography has been used as an anatomical 
imaging method to study rabbit abdominal organs. 
Dorotea et al. (11) performed a radiological study 
and presented definitive anatomical data concerning 
the normal parameters of the rabbit kidneys and their 
topographic features and location in relation to the 
lumbar vertebrae.

Rabbit abdominal organs and large vessels have 
been studied anatomically by routine pre-contrast and 
post-contrast radiological methods. A post-contrast 
anatomical radiological study of rabbit abdominal and 
pelvic vessels has been conducted to obtain definitive 
and confirmative data about their topography (1).

Abdominal ultrasonography (US) has been used as 
an appropriate anatomical imaging modality to study 
the suprarenal glands in cats and ferrets and to generate 
anatomical data on the morphological features, shape, 
closeness, zonal structure, and topography of these 
glands in real time (5, 26, 34).

With the introduction of the New Zealand white 
rabbit as an anatomical model for use in abdominal 
US investigations, some studies using US have al-
ready been published (3). One such study investigated 
the US peculiarities of the rabbit abdominal organs, 
especially both kidneys and the suprarenal glands, 
their morphometric parameters, and their relation to 
the stomach, as well as the small and large intestines. 
The US anatomical features of the rabbit abdominal 
vessels have also been investigated in real time (35). 
A two-dimensional US anatomical study of the rabbit 
kidneys has been performed to determine the morpho-
logical sonographic characteristics of these organs and 
their application in clinical practice (9). Furthermore, 
in recent years, abdominal US has been widely used to 
study the features of organs in living rodents and New 
Zealand rabbits, which are used as anatomical models. 
Anatomical structures have definitive topographic bor-
ders and are sharply distinguished from the adjacent 
soft tissues (20).

CT anatomical imaging has gained popularity as 
a definitive anatomical imaging modality to provide 
detailed knowledge of human abdominal organs and 
to diagnose relevant disorders using New Zealand 
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white rabbits as an anatomical animal model. CT has 
been used to obtain retrospective anatomical images 
of the rabbit kidneys and to provide comprehensive 
anatomical information about these organs in surgical 
and morphological studies performed in humans (12).

CT soft-tissue findings are visualized as high-reso-
lution structures. The reconstruction of certain images 
for a detailed study of parts of anatomical objects is 
a reason for computer tomography to be used as a live, 
non-invasive anatomical imaging method (14, 23).

Some researchers (19, 22, 27) have investigated the 
capacity of some contrast agents for CT visualization 
of human abdominal organs. Therefore, they used the 
results of investigations in rabbits in their algorithms.

MRI is used as a live, non-invasive method that 
is appropriate for the contemporary interpretation of 
the anatomy of small pets and humans. An advantage 
of this method is its capability of creating three-di-
mensional reconstructions of organ structures, which 
provides a broad base of anatomical data, without any 
ionising effects (18).

The transference of magnetic relaxation times into 
gray and white signals of varying intensity has led to 
magnetic resonance tomography being used as the most 
appropriate method for the anatomical visualization of 
the heart, liver, digestive organs, and bones (21, 29).

The scarcity of data on the anatomical, histological, 
and anatomical imaging characteristics of the rabbit 
suprarenal glands was a motivation for the present 
study. The data obtained could be used as a morpho-
logical background for the contemporary interpretation 
of suprarenal gland anatomy in humans and rabbits, 
as well as for choosing appropriate anatomical imag-
ing methods in humans, depending on experimental 
objectives.

Material and methods
Ethics statement. Permission for the use of animals in 

this study was given by the Ethical Committee for Animals 
of the Faculty of Veterinary Medicine at Trakia University 
in Stara Zagora (permissions No 51 of September 29, 2012, 
and No 59 of May 17, 2013). Experimental animals were 
purchased from the Agricultural Institute at Stara Zagora 
(ID No 1236503070041; VAT ID BG 123650307). Eighteen 
animals were delivered to the slaughterhouse Eurovarhat, 
which is licensed for the production and processing of 
lagomorph meat, in compliance with legal requirements 
concerning the rules at slaughter (Ordinance No 36 of 
March 23, 2006, promulgated in the State Gazette, issue 
35 of April 28, 2006).

Materials. Thirty-four 8-month old (sexually mature) 
healthy white New Zealand rabbits weighing 2.8-3.2 kg 
were used. The animals were allocated to groups and meth-
ods, as shown in Table 1.

Native anatomical study
Anatomical algorithm. The animals were dissected and 

positioned in supine recumbence. The skin was removed 
from the ventral and lateral abdominal walls. The abdominal 
wall was incised in linea mediana ventralis. The incision 
was between proc. xiphoideus and symphysis pelvina, and 
the diaphragm was removed. In order to see the adrenal 
glands more clearly, left and right oblique incisions were 
made from linea mediana ventralis to the lumbar vertebra. 
Omentum majus, the stomach, the liver, and the small and 
large intestines were removed. The right and left kidneys 
were used as anatomical landmarks. Images of the glands 
in the abdominal cavity and their proximity to both kidneys 
were captured with a digital camera (HDR-CX115E by 
Sony, Japan) (8).

Cross-sectional anatomical study. The cadavers were 
frozen for 24 h and transversally cut using an electrical saw 
(Model MAX RTR RTM908 İstanbul, Turkey). The slices 
were 10 mm thick. The first anatomical cut was at the level 
of Th12; the last was at the level of L2.

Histological algorithm. Ten tissue samples from supra-
renal glands were used. They were fixed in a 10% formal-
dehyde solution (Merck KGaA, Darmstadt, Germany). The 
samples were washed in running water and dehydrated in an 
ascending ethanol series. They were cleared in xylene and 
embedded in paraffin. Sections with a thickness of 5 µm 
were cut with a rotary microtome (YD-335A; J.Y.M.A. Ltd., 
Zhejiang, China). The sections were deparaffinized twice for 
30-60 s in xylene and passed through a descending alcohol 
range (absolute to 70% ethyl alcohol), then placed in water. 
They were placed in hematoxylin for 2-5 min. After this, 
the preparations were rinsed in water and placed in distilled 
water for 5-10 min until blue coloration appeared. They 
were stained with the second stain eosin for a few seconds. 
After rinsing with water, the preparations were dehydrated 
in an ascending alcohol range and then cleared in xylene for 
a few seconds. Permanent microscopic preparations were 
obtained after mounting in entellan (6, 33).

The preparations were observed under a light microscope 
(VDN-200M; Lumenlab, Shangai, China), and the results 
were documented with a digital CMOS camera in the 
microscope. The data obtained were processed by advanced 
micro-image processing software (ScopeImage 9.0, Jiangsu, 
China). The thickness of the capsule, zona glomerulosa, 
zona fasciculata and zona reticularis was measured in µm. 
The data were processed statistically using Statistica 8 (31). 
We performed a descriptive analysis, and the mean values 
are presented in Figure 1.

Imaging anatomical protocol
Radiological algorithm. We used radiographic equip-

ment in this study (TUR 800 D-1; Röntgenbelichtungs 
automat, 20029, Dresden, Germany). The touch screen was 
a digital iQ-CR ACE (CR reader to digitize X-ray imaging). 
Ventrodorsal radiographs were obtained, using a focus-film 
distance of 100 cm, 125 kV peak, and 500 mAs. The radio-
graphic cassette was a DICOM 3.0 (Digital Imaging and 
Communications in Medicine) (24 × 30 cm; 14` × 17`) with 

a matrix size of 2328 × 2928 
px and (18 × 24 cm; 14` × 
17`) with a matrix size of 
1728 × 2328 px. The exposi-
tion time was 10 ms (50 kV, 

Tab. 1. Scheme of the experimental part: Methods and animals used
Methods NA CAS HIS Radiol 2D US Helical CT MRI

Animals (rabbits) studied 8 8 8 8 8 8 8
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5 mAs). The spatial resolution was 10 px/mm, the depth of 
scanning was -20 bit/px, and the depth after CPU processing 
was 16 bit/px. We used software to read and measure the 
X-ray attenuated structure (iQ-VIEW Version 2.7.0 beta; 
IMAGE Information Systems Ltd, Rostock, Germany) (7).

US algorithm. The animals were in supine recumbency. 
For anesthesia, we used 15 mg/kg Zoletil® 50 (tiletamine 
hydrochloride 125 mg and zolazepam hydrochloride 
125 mg in 5 mL of solution) (Virbac, Carros-Cedex, France) 
intramuscularly. The investigation was performed using 
a Diagnostic Ultrasound System (model DC-6V; Mindray 
Bio-Medical, Electronics CO. LTD, Shenzhen, China). 
A microconvex probe 6C2 was used with a frequency of 
7 MHz and a radius of 20 mm. For noninvasive monitor-
ing, a contact gel (Ecoultragel; Pirrone & Cö., Italy) was 
used. The US approach was transabdominal percutaneous.

CT algorithm. A coronal (dorsal) CT study was carried 
out. The animals were in supine recumbency. They were 
anaesthetized intramuscularly with 15 mg/kg Zoletil® 50 
(tiletamine hydrochloride 125 mg and zolazepam hydro-
chloride 125 mg in 5 mL of solution) (Virbac, Carros-
Cedex, France). Helical CT scanning was performed with 
a high-resolution whole-body multi-slice helical computed 
tomography scanner (Light Speed QX/I GE; General Elec-
tric, Milwaukee, WI, USA). The body was scanned from 
the middle of the thorax to the pelvic inlet. The thickness 
of the CT slices was based on our previous study of the 
rabbit abdomen (30). The resolution was 512 pixels, the 
window width (WW) was 350 Hounsfield units (HU) and 
the window level (WL) was 35 HU. The slices of Regio 
abdominis were 5 mm thick. The study was performed 
on subsequent slices. The CT density of the right and left 
suprarenal glands was determined only for the purpose of 
adding detail to the protocol. The data were processed using 
DICOM and universal serial bus (USB) ports.

MRI algorithm. The rabbits were positioned in abdomi-
nal recumbency under deep anesthesia with Zoletil. Mag-
netic resonance tomography was performed using an MRI 
scanner (3 T Siemens Magnetom Essenza, Shenzen, China) 
with V-engine gradients (30 mT/m). The imaging was done 
in the coronal direction from the middle of the thorax to 
the pelvic inlet. The MRI system used reduced acquisition 
times with PAT factors until 8. The magnetic weight was 
3.5 tone and the strength of the magnetic field was 1.5 T. 
The total imaging matrix (TIM) had 28 coil elements and 
5 radiofrequency channels. The scanning diapason was 

up 140 cm. The image reconstruction was 1131 images 
per second. The matrix was 256/256. The thickness of the 
scans was 3 to 4 mm. The field of view was 244*244, time 
to echo (TE) was 93, and repetition time (TR) was 1410. 
The resolution was high.

Results and discussion
Native anatomical results. The rabbits’ suprarenal 

glands were found to be retroperitoneal organs. They 
were enveloped by fat tissue which gave them a rose 
to creamy color. The adipose capsule of the right and 
left kidneys was separated from the fat capsule of both 
suprarenal glands. Their shape was ellipsoid (right 
gland) and oval (left gland). The right suprarenal gland 
was located craniomedially to the right kidney. The left 
one was situated craniomedially to the left kidney, but 
the distance between these two organs was larger than 
that between the right suprarenal gland and the right 
kidney. The caudal extremities of both glands were 
parallel to each other and situated in the same plane. 
An anatomical landmark for the position of and the 
distance between the glands and the kidneys were the 
right and left renal arteries, which passed across the 
median plane as the main branches of the abdominal 
aorta (Fig. 2).

Fig. 1. Thickness of different zones in the rabbit suprarenal 
glands

Fig. 2. 
Explanations: D – right; L – left; (1) right kidney; (2) left kidney; 
(3) right suprarenal gland; (4) left suprarenal gland; (5) right renal 
artery; (6) right renal artery; (7) abdominal aorta; (*) adipose 
capsule
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Cross-sectional anatomical results. The transversal 
anatomical study of the rabbit abdominal cavity at the 
level of the first lumbar vertebra (L1) showed the close-
ness of the right suprarenal gland to the right kidney 
and the small intestine. The gland was found cranio-
medially to the right kidney. Ventrally, the gland had 
a close anatomical contact with the ascending part of 
the duodenum (pars ascendens duodeni) and ileum. In 
transverse cross-sectional cuts, the gland’s shape was 
ellipsoidal with sharply distinguished borders toward 
the bean-shaped right kidney (Fig. 3).

Histological structure of the rabbit suprarenal 
glands. The histological study of the rabbit suprarenal 
glands provided detailed information about their mi-
crostructure. Both glands were composed of a capsule 
and parenchyma. The capsule was composed of dense 
connective tissue. The parenchyma consisted of three 
zones. The zona glomerulosa had sinusoid capillaries. 
In this zone, the cells were arranged in arch-like cellu-
lar strands with loose connective tissue in between. The 
zona fasciculata was the largest. It was found between 
the zona glomerulosa and the zona reticularis. It had 
cubic cells arranged in strings. Between them, there 
was loose connective tissue. The zona reticularis was 
the third zone. It resembled a network because of the 
irregular arrangement of its cells. The border between 
the zona reticularis and the medulla was not distin-
guished. The medulla was in the centre of the glandular 
parenchyma. It was composed of ovoid cells (Fig. 4).

The statistical analysis showed that the thickness of 
capsules of both glands was the smallest. The thickest 
component was the zona fasciculata, followed by the 
zona reticularis. The zona glomerulosa was the thin-
nest of the three parenchyma zones. The thickness of 
the zones was higher in the left suprarenal gland than 
it was in the right one (Fig. 1).

Radiological anatomical results. The native ra-
diographic study of the suprarenal glands in the rabbit 
found that the opacity of both suprarenal glands was 
visible and distinguishable from the close soft tissue 
and bone structures. The radiological features of the 
glands defined their position relative to the right and 
left kidneys. The right suprarenal gland was visual-
ized as soft tissue with intermediate attenuation, and 
its ventral portion was observed. The gland was oval 
and located close to the right kidney. The anatomical 
contact between the right suprarenal gland and the 
kidney was determined. The medial edge of the gland 
covered some of the right kidney. The left suprarenal 
gland was located at a distance from the left kidney. 
It had intermediate attenuation. It was oval (Fig. 5).

US anatomical results. The US study of the right 
half of the abdominal cavity in the lumbar region in 
the sagittal plane showed a normal US structure of the 
right suprarenal gland. In accordance with the grey-
white scale, it was visualized as hyperechoic and oval, 
and could be sharply distinguished from the close soft 
tissue. Its contours were regular, hyperechoic, and 

clearly visible. The gland was found craniomedially 
to the borders of the right kidney. The echogenicity of 
the gland was homogenous, with a fine grain character. 
The gland was observed at a short distance from the 
right kidney and was sharply defined by the relatively 
hypoechoic renal capsule, the adipose capsule of the 
kidney, and papilla renalis (Fig. 6).

Coronal (dorsal) CT anatomical results. The 
coronal CT anatomical image of the rabbit abdomen at 
a distance of 20 mm from the spine (analogic to native 
data) defined the CT visible distance between the left 
suprarenal gland and the corresponding kidney. Left of 
the median plane, the gland was visualized as an oval 
finding with intermediate attenuation. It was with an 
oval shape and sharply distinguished borders. It was 
located craniomedially to the cranial pole of the left 
kidney, and both structures were isodense. Some of the 
small intestinal segments were found close to the left 
suprarenal gland, since the border between them was 

Fig. 3. Transverse anatomical cut at the level of 1st lumbar 
vertebra (L1)
Explanations: (D) – right; L – left; (1) right suprarenal gland; (2) 
right kidney; (3) spleen; (4) haustral part of colon ascendens; 
(5) cecum; (6) non-haustral part of colon ascendens; (7) and 
(8) jejunum; (9) pars descendens duodeni; (10) pars transversa 
duodeni; (11) ileum; (12) pars ascendens duodeni

Fig. 4. Micro-image of the rabbit suprarenal glands (H/E)
Explanations: (*) capsula fibrosa; (1) zona glomerulosa; (2) zona 
fasciculata; (3) zona reticularis; (4) medulla. Line = 50 µm
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determined by poorly visible hypoattenuated edges. 
This level of the scan did not define the anatomical 
location of the right suprarenal gland with respect to 
the right kidney (Fig. 7).

Fig. 5. Radiological image of the rabbit abdominal organs in 
supine recumbence
Explanations: D – right; L – left; (1) right kidney; (2) left kidney; 
(3) right suprarenal gland; (4) left suprarenal gland; (5) right 
ureter; (6) left ureter; (7) fundus ventriculi; (8) corpus ventriculi; 
(9) liver; (10) heart; (11) ascending colon; (12) descending colon

Fig. 6. Sagittal ultrasonographic anatomical image of the 
rabbit right adrenal gland (multifrequent microconvex trans-
ducer – 7 MHz; B-mode)
Explanations: (*) right adrenal gland; (2) papilla renalis; (3) 
cortex renalis; (4) capsula adiposa

Fig. 7. Coronal (dorsal) CT anatomical image of the rabbit 
abdominal organs (The scan distance is 20 mm from the spine)
Explanations:  CR – cranial; CC – caudal; D – right; L – left; 
(1) left kidney; (2) left suprarenal gland; (3) small intestines; (4) 
ascending colon; (5) fundus of stomach; (6) body of stomach; 
(7) left lobe of liver; (8) right lobe of liver; (9) caudal vena cava; 
(10) left lung; (11) right lung
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MRI anatomical results. The dorsal MRI anatomi-
cal study of the rabbit abdominal organs at a distance of 
20 mm from the spine and in a T1-weighted sequence 
defined the retroperitoneal position of both suprarenal 
glands. These were hyposignal findings. The con-
tours of the glands had a lower signal and defined the  
ellipsoidal shape of the right gland and the oval shape 
of the left. The left and right glands were hyposignal 
compared to the right and left kidneys. The right su-
prarenal gland was located on the right of the median 
plane and craniomedially to the right kidney. The left 
one was situated on the left of the median plane and 
craniomedially to the left kidney. The distance between 
the left gland and kidney was larger than that between 
the right suprarenal gland and kidney (Fig. 8).

Our results from the anatomical study, as well as 
the anatomical imaging data for the rabbit suprarenal 
glands, describe them as paired organs with retro-
peritoneal topography in the abdominal cavity, and 
their proximities to the corresponding kidneys show 
a similarity in the location and topography of these 
glands in humans and rabbits. In addition, we obtained 
data on the macroscopic structure of these organs 
(capsule, cortex, and medulla), which is equivalent to 
that of the human suprarenal glands. Our interpreta-
tion corresponds to data published by some authors on 
the morphological characteristics of the rabbit supra-
renal glands as well on their similarity to the human  
glands (4).

Our interpretation that both suprarenal glands in the 
rabbit are located craniomedially to the corresponding 
kidneys and that there is a larger visible distance be-
tween the left gland and kidney than there is between 
the right gland and kidney differs from the published 
data (17) on these organs in animals. In addition, we 
used the right and left renal arteries as anatomical 
landmarks for the position and the relationship between 
the glands and kidneys.

Despite the many similarities between the rabbit 
and human suprarenal glands, we also identified some 
differences. Our results concerning the glands’ shape 
(oval for the left gland and ellipsoid for the right one) 
demonstrated that there are differences between the 
shape of the rabbit suprarenal glands and the shape 
of the human glands (typical pyramidal organs) (4). 
In addition, we identified the anatomical relationship 
of the suprarenal glands to the kidneys and described 
the closeness of the right gland to the right kidney and 
the distance between the left gland and the left kidney. 
We did not find anatomical contact between the right 
gland and the liver or diaphragm, which differed from 
the published data on the human suprarenal glands 
(4). Furthermore, we suggested additional anatomical 
landmarks to describe the topography of the glands: 
both renal arteries. We did not describe the proximity 
of the right gland to the caudal vena cava or that of the 
left gland to the abdominal aorta, which contradicts the 
literature data on the human glands (4). We excluded 
the diaphragm as a possible landmark, as described for 
the human suprarenal glands. The data demonstrate 
anatomical differences between the glands in rabbits 
and humans (4).

The use of the rabbit suprarenal glands as a model 
in morphological research on the human suprarenal 
glands prompted us to conduct our study using dif-
ferent approaches, from anatomical and histological 
to anatomical imaging (2D US, CT, Radiology, and 
MRI). Our data will add to the knowledge and provide 
an innovative and modern interpretation of the mor-
phology of the rabbit suprarenal glands (13, 32). We 
demonstrated the presence of capsule and three well-
developed zones in the cortex: zona glomerulosa, zona 

Fig. 8. Dorsal MRI anatomical image of the rabbit abdominal 
organs (T1-weighted sequence) (The scan distance is 30 mm 
from the spine)
Explanations: CR – cranial; CC – caudal; D – right; L – left; (1) 
left kidney; (2) left kidney; (3) right suprarenal gland; (4) left 
suprarenal gland; (5) body of stomach; (6) right lobe of liver; (7) 
ascending colon; (8) descending colon; (9) cecum; (10) small 
intestines
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fasciculata, and zona reticularis, which corresponds to 
the published data (10) on the same glands in the goat. 
Additionally, we found that the thickest zone was the 
zona fasciculata.

Our algorithm of investigation included anatomical, 
histological, and anatomical imaging studies. Like the 
suprarenal glands in humans, these organs in rabbits 
are retroperitoneal and embedded in fat tissue; they 
are proximal to the corresponding kidneys, although 
the left is visibly distanced. There are histological 
resemblances with the human glands, since we also 
found a well-developed capsule and parenchyma in 
the rabbit glands. There are three parenchyma zones 
in the rabbit glands, as there are in the human glands, 
and the arrangement of these zones is similar: the zona 
glomeruloza is peripheral with sinusoid capillaries, 
the zona fasciculata is the middle one, and the reticu-
lar zone resembles a network, close to the medulla. 
Similarly to the human suprarenal glands, we did not 
find a border between the third parenchyma zone and 
the medulla. These findings suggest that the rabbit su-
prarenal glands are a suitable anatomical and histologi-
cal model to study the same glands in humans. This is 
in line with the views of some authors, e.g. Rabie (28) 
and Hussein and Abass (15), who have investigated the 
rabbit suprarenal glands.

Our radiological algorithm focused on the descrip-
tion of the topography of the rabbit suprarenal glands. 
We described their adjacency to the close soft tissue 
(both kidneys) and obtained definitive anatomical data 
on the features of the gland, according to the level of 
X-ray attenuation. We propose that radiology is an 
appropriate anatomical imaging method for studying 
the rabbit suprarenal glands. This adds to the published 
data on the application of this method in the anatomical 
study of rabbit abdominal organs (11).

Our radiological algorithm focused on the pre-
contrast study of the rabbit supernal glands. Therefore, 
we consider the rabbit a suitable animal model for 
radiological investigations. However, we investigated 
only the suprarenal glands (parenchyma organs), and 
did not perform a post-contrast study. In this respect, 
our algorithm differed from the studies of rabbit vessels 
using the post-contrast approach (1).

We also suggest that abdominal ultrasonography 
(US) is an appropriate anatomical imaging modal-
ity for studying the suprarenal glands in the rabbit. 
We noted the advantages of real-time US in studying 
the closeness of the organs as well as their shape and 
topography, according to variations in the grey-white 
scale. This is in line with data on the use of US as an 
anatomical imaging method in other small mammals 
(5, 26, 34).

We believe that a 2D US study is a suitable live 
and non-invasive method for studing the topography 
of the rabbit suprarenal glands. We identified the US 
characteristics of the glands (their shape, acousticity, 

echoic character, closeness, borders, and sharpness), 
which corroborated previous studies of rabbit abdomi-
nal organs (3, 4, 9, 35).

Our pre-contrast CT helical images of the rabbit 
suprarenal glands had a high resolution. This is a pre-
requisite for a detailed anatomical visualization using 
a retrospective reconstruction of these organs. The data 
could be used as a model for the interpretation of live 
anatomical imaging of human suprarenal glands. The 
above-mentioned facts motivated us to corroborate the 
results of some authors (12) for the rabbit.

The helical CT results for the rabbit suprarenal 
glands add to the exiting literature data (14, 23) on 
the application of this method to obtain naturalistic, 
high-resolution anatomical images. In addition, this 
method can be used on live animals.

Our hypothesis motivated us to suggest that our 
results could be used as an anatomical imaging model 
for studying the CT anatomical features of the human 
suprarenal glands. These observations are in agreement 
with data of some authors (19, 22, 27) for the rabbit.

The transference of magnetic relaxation times into 
gray and white signals of varying intensity causes 
magnetic resonance tomography to be used as the most 
appropriate method for the anatomical visualization of 
the heart, liver, digestive organs, and bones (21, 29).

The MRI anatomical images of the rabbit suprare-
nal glands were reconstructed automatically during 
the study. We believe that this type of tomography is 
a suitable anatomical method for the visualization of 
these organs (18).

MRI anatomical visualization of the rabbit supra-
renal glands in a T1-weighted sequence was made 
possible by variations in the magnetic signal and the 
tissue contrast of the glands and the close soft tissue 
findings (both kidneys). The anatomical objects were 
reconstructed in the dorsal (coronal) plane. Our con-
clusion is that MRI is a highly informative anatomical 
imaging method because the images have a high resolu-
tion. Therefore, we agree with some other authors (21, 
29) about the usefulness of this method.

The results of the MRI study led us to conclude that 
the rabbit suprarenal glands are a suitable experimental 
model for MRI studies. Thus, we confirm literature data 
(16) according to which the rabbit is an appropriate ex-
perimental model for MRI studies in human medicine.

The results of our morphological and anatomical 
imaging studies provided a detailed description of the 
retroperitoneal anatomical location of the rabbit supra-
renal glands in relation to the right and left kidneys. In 
addition, we described the histological characteristics 
of the glands. This analysis could be used as a basic 
anatomical alternative to study the human suprarenal 
glands (24, 25).

The comparative analysis of data from post mortem 
and anatomical imaging studies led us to conclude 
that the imaging methods used (radiology; 2D US, 
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helical CT, and MRI) are adequate and satisfactory 
methods for the anatomical interpretation of the rab-
bit suprarenal glands in living subjects. In addition, 
anatomical data from either post mortem studies or 
anatomical imaging investigations could be used as 
a morphological basis for investigations of the human 
suprarenal glands.
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