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ABSTRACT

The mammalian pineal gland, a photo-neuroendocrine gland, regulates the circadian rhythm
and reproductive activity in seasonally breeding animals. The current study aimed to clarify
the morphometric features of the pineal gland and evaluate its normal MRI characteristics
using variable MRI sequences in donkeys. We used twenty-two cadaveric heads from
slaughtered adult donkeys with no abnormal neurological signs. Two heads were scanned
using a 1.5 tesla MRI magnet in three sequences (T1-weighted, T2-weighted, Flair) and then
preserved in a 10% formalin solution for ten days. The brains of these preserved heads were
sectioned into sagittal and transverse slices. The brains of the other twenty heads were
carefully extracted, and their weight, length, width, and height were measured. The pineal
gland width, length, and height of these samples were also measured and correlated to the
animal's sex and age, brain size, and body weight using different statistical tests. The mean
pineal gland size was 1.23 +£0.13 cm length, 0.32 +0.11 cm width, and 0.62 +0.20 cm height.
There was no significant difference detected between gland size and the animal's sex and
age, brain size, or body weight (P>0.05). The gross sections of the brain aided in the
morphological description of the pineal gland, including its color, shape, position, and
relations. Moreover, using variable sequences of MRI enabled a comprehensive evaluation
of the pineal gland with different intensities. These anatomical features of the pineal gland
could be used as a standard anatomic reference for further interpretation of the pineal
diseases in donkeys.
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INTRODUCTION 2015). In upper primates and ungulates, it is
located in  the  epithalamus  and

The pineal gland is found in the communicates with the third ventricle
vertebrate brain, and its anatomy and through the pineal recess (Falcon, et al.,

location vary between species (Klein, 2009). The importance of this gland lies in

the secretion of melatonin that is involved in
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activity in seasonally breeding animals
(Bolat et al., 2018). Furthermore, this gland
is currently thought to act as a regulator
gland that alters the activity of the gonads,
parathyroid, adrenal glands, pancreatic islets,
and neurohypophysis (Koshy and Vettivel,
2001). It was found that the disturbance of
melatonin secretion caused by a diseased
pineal gland resulted in disturbance of
circadian rhythm, gonadal development,
secondary sexual characteristics, and estrous
cycle (Frandson et al., 2009). Accordingly, it
was of utmost concern to understand the
normal morphology and imaging features of
the pineal gland.

MRI is increasingly used for visualization
and evaluation of various soft tissue
structures (Werpy, 2004), due to its high
resolution and superior contrast between soft
structures without ionizing radiation (Peterfy
et al., 1994). As MRI becomes more widely
available, it is more executable clinically to
evaluate the equine brain (Schmidt et al.,
2019). Recent trends using MRI as a
diagnostic tool for earlier detection of the
pineal tumours are further growing in human
clinics (Phuttharak ez al., 2023). Recognition
of normal MRI features of the pineal gland is
preliminary for a precise identification and
assessment of the pineal diseases. Even
though the histological features of the pineal
gland are thoroughly described in several
animal species: donkey (Ozgel et al., 2008;
Ebada, 2012), horse (Bolat et al., 2018),
cattle (Phillips et al, 1989), buffalo
(Carvalho et al., 2009), sheep (Dahran and
Ghonimi, 2023), goat (Hussain et al., 2023),
and dog (Calvo et al, 1988), only few
literature was available describing the
normal MRI appearance of the pineal gland,
especially in donkey. Consequently, the
current study aimed to fully describe the
normal MRI characteristics of the pineal
gland in adult donkeys and to correlate the
pineal gland size to sex, age, brain size, and
body weight.

MATERIALS AND METHODS

Animals

The current study was a prospective
cadaveric investigation that involved twenty-
two heads of adult donkeys of both sexes.
These heads were collected from Beni-Suef
Zoo after the slaughtering of the donkeys for
purposes unrelated to the study. Prior to
slaughtering, the animals were grossly
inspected and examined to ascertain that they
were free from any neurological disorders;
also, the sex, weight, and age of each animal
were recorded. After slaughtering, the heads
were dislocated at the level of the atlanto-
axial joint, cleansed with tap water, and
stored in an ice box at -4 °C. This study was
approved by the Institutional Animal Care
and Use Committee of Beni-Suef University,
Egypt (BSU-IACUC, Permit Number: 024-
078).

Magnetic resonance imaging

Two heads were scanned 6 hours after
slaughtering. These heads were located
where their ventral aspects contacting the
scanning table. Using a 1.5 Tesla magnet
MRI scanner (Philips Intera; Philips GmbH,
Hamburg, Germany), the heads were
scanned in three sequences: T1-weighted,
T2-weighted, and Flair spin-echo magnet in
two successive planes, sagittal and
transverse. The sagittal images were
obtained parallel to the interparietal bone and
perpendicular to the occipital bone, while the
transverse images were obtained
perpendicular to the temporomandibular
joint. MRI settings for T1-weighted images
were, an acquisition time (Acq Tm) of 21:14
minutes: seconds, a repetition time (RT) of
486 milliseconds, echo delay time (TE) of
140 milliseconds, field of view (FOV) of
21x21 mm, slice thickness of 5 mm,
interstice space of Imm, matrix size of
212x17, for T2-weighted images were, an
acquisition time (Acq Tm) of 21:12 minutes:
seconds, a repetition time (RT) of 540
milliseconds, echo delay time (TE) of 150
milliseconds, filed of view (FOV) of 24x24
mm, slice thickness of 5 mm, interstice space
of Imm, matrix size of 268 x 250, for Flair
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images were, an acquisition time (Acq Tm)
of 21:15 minutes: seconds, a repetition time
(RT) of 540 milliseconds, echo delay time
(TE) of 150 milliseconds, field of view
(FOV) of 25%25 mm, slice thickness of 5
mm, interstice space of 1mm, matrix size of
192 x 148. 60 transverse MR images (20 T1,
20 T2, 20 Flair), and 54 sagittal MR images
(18 T1, 18 T2, 18 Flair) were obtained. These
images were grossly inspected, and the
intensity of each structure of the brain tissue
was reported. Moreover, the position,
relations, and tissue intensity of the pineal
gland were recorded.

Preparation of the anatomic sections

The scanned heads (n=2) were used for
anatomic sectioning of the brain. The
common carotid artery of these specimens
was injected with 10% formalin solution, and
then they were preserved in 10% formalin
solution for ten days. After extraction of the
brains from the skull, they were sectioned in
2 cm thickness using a sharp knife into
sagittal (n=1) and transverse (n=1) slices.
The anatomic slices were successively

numbered and grossly inspected and
identified.
Gross morphology

Twenty fresh heads of cadaveric donkeys (10
males and 10 non-pregnant females) were
used for gross inspection and morphometric
analysis of the brain and pineal gland. For
each head, the brain was gently extracted
from the skull, and the cerebral cortex in each
brain was gently dissected until reaching the
pineal gland, which was grossly inspected
and identified.

Statistics

The grossly investigated brain specimens
(n=20) were measured and recorded in cm:
length, width, and height. The parameters of
their pineal glands were also measured,
length, width, and height in cm. Mean and
standard deviation were calculated for
animals' age and weight, pineal gland
measurements, and brain measurements. A
one-way ANOVA test was used to calculate
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the significant difference between the pineal
gland parameters (length, width, and height)
and animal sex and age, brain parameters
(length, width, and height), and body weight.
All statistical analyses were achieved using
statistics software (SPSS Statistics IBM,
2020; Aromonk, New York).

RESULTS

The obtained MR images were thoroughly
reviewed for identification of the anatomic
structures of the brain in several planes for
each MRI sequence. Based on the anatomic
description of the pineal gland, two MR
images in each sequence were selected,
matching the anatomic sections in two
planes: one in a sagittal plane (Figure 1) and
one in a transverse plane (Figure 2). Both
planes were selected at the level of the
interthalamic adhesion.

Statistical analysis

The results concerning the measurements of
the brain and pineal gland in twenty donkeys
(Table 1) revealed that the mean age was
12.7 + 3.08 years and the mean weight was
176.60 = 17.03 Kg. Also, the mean size of
the brain was 13.89 £ 0.21 cm length, 8.99 +
035 cm width, and 6.16 = 0.21cm height. The
mean size of the pineal gland was 1.23 £0.13
cm length, 0.32 £0.11 cm width, and 0.62
+0.20 cm height. Surprisingly, no significant
differences were detected (p > 0.05) between
the gland’s size and the animal's sex and age,
brain size or body weight.

Gross anatomy of the pineal gland

The morphological features of the pineal
gland, including shape, color, structure,
position, and relations were fully identified
using the anatomic sections. The pineal
gland in the donkey was an unpaired organ,
brown to dark brown in color, and it was
found in the midline of the brain. This gland
consisted of body and recess. The pineal
body appeared elliptical in shape, and it
projected dorsally into the third ventricle in a
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depression between the two thalami and
rostral to the rostral colliculi. This body
rested on the mesencephalic roof, and it
connected to the commissure of the
habenulae by two transverse fibers
(habenulea) (Figures 1, 2). Moreover, the
pineal body extended caudodorsally ventral
to the splenium of the corpus callosum. On
the sagittal MR image, the pineal body was
separated from the splenium of the corpus
callosum by the dentate gyrus (Figure 1),
while on the transverse MR image, this body
was surrounded on both sides by the
hippocampus (Figure 2). Furthermore, the
pineal recess is an extension of the third
ventricle into the pineal gland (Figures 1, 2).

Magnetic resonance imaging of the pineal
gland

The gained anatomic data were used as a
guide for a precise identification of the MR
images. The pineal body could be depicted
with intermediate signal intensity on TI-
weighted and T2-weighted MR images, and
low signal intensity on Flair MR images. The
habenulae appeared with intermediate signal
intensity on T1-weighted and Flair, and high
signal intensity on T2-weighted MR images
(Figures 1, 2). Moreover, the pineal recess
was filled with cerebrospinal fluid, which
appeared with high signal intensity on T2-
weighted and Flair, and low signal intensity
on T1-weighted MR images (Figures 1, 2).

Fig. 1: Sagittal images of the brain in adult donkey at the level of the interthalamic adhesion, sagittal
anatomic section (A), T1-weighted MRI image (B), T2-weighted MRI image (C), and Flair MRI
image (D). ca- cerebral aqueduct, cc- caudal calliculus, ce- cerebrum, cl- cerebellum, cr-
cerebral crus, h- habenula, ia- interthalamic adhesion, lv- lateral ventricle, mb- mamillary body,
mo- medulla oblongata, oc- optic chiasma, on- optic nerve, pb- pineal body, pr- pineal recess,
po- pons, rc- rostral calliculus, sc- splenium of corpus callosum, tt- tela chordae of third

ventricle, tv- third ventricle.

Table 1: Measurements of the brain and pineal gland in 20 adult donkeys (10 males and 10

females).
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Animals' Animals' Brain Brain Brain Pineal Pineal Pineal
age weight  length  width  Height  Length Width  Height
(years) (Kg) (cm) (cm) (cm) (cm) (cm) (cm)
Mean 12.7 176.60 13.89 8.99 6.16 1.23 0.32 0.62
Standard 3.08 17.03 0.21 035 0.21 0.13 0.11 0.20
deviation
Standard error 068 3.81 0.04 0.07 0.04 0.03 0.02 0.04

Fig. 2: Transverse images of the brain in an adult donkey at the level of the interthalamic adhesion,
transverse anatomic section (A), T1-weighted MRI image (B), T2-weighted MRI image (C),
and Flair MRI image (D). ce- cerebrum, hp- hippocampus, ia- interthalamic adhesion, lv- lateral

ventricle, pb- pineal body, sc- splenium of corpus callosum, th- thalamus, tv- third ventricle.

DISCUSSION

The current study provided detailed
morphometric features and normal magnetic
resonance appearance of the pineal gland in
donkeys using variable MRI sequences (T1-
weighted, T2-weighted, and Flair). The
results revealed that the mean size of the

pineal gland in donkeys was 1.23 £0.13 cm
length, 0.32 £0.11 cm width, and 0.62 +0.20
cm height. Noteworthy that the data about
the pineal gland in equines was scarce,
anyways the previous studies have reported
significant variability in the size of the pineal
gland across various animal species: 12.56
mm in length in donkey (Ozgel et al., 2008),
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8.83 £1.07 mm length, 7.91 £0.83 mm width
in buffalo (Carvalho et al., 2009), 12 mm in
cattle, and 3-5 mm in sheep (Dursun, 2002).
This variability in size might be attributed to
the regulatory action of the endocrine system
in each species to the circadian cycle and
environmental changes. In addition, no
significant difference was reported (P>0.05)
between the size of the gland and the animal's
sex and age, brain size or body weight. These
findings are supported by the hypothesis that
the size and activity of the mammalian pineal
gland were, in fact, affected by geographic
position, climate, and light stimulus (Tan et
al., 2018).

Morphologically, the current study revealed
that the pineal gland consisted of two parts,
the body and recess. However, the pineal
gland appeared in different forms among
species; it consisted of one part, the pineal
body, in the donkey (Ebada, 2012). While
this gland consisted of three parts with
variable descriptions: body, peduncle, and
recess in domestic animals (Schaller, 2007),
and two lobes (right and left) and a stem in
buffalo (Carvalho et al., 2009). Further-
more, an accessory pineal organ is observed
in buffalo (Prassad and Sinha, 1984). In
addition, the pineal gland under investigation
appeared elliptical in shape. However, it
appeared fusiform in donkey (Ozgel et al.,
2008; Ebada, 2012), lanceolated-shape
(Schmidt et al., 2019) or chisel (Dursun,
2002) in horse, rounded in buffalo (Carvalho
et al, 2009), wheat green in cattle and
flattened pea in sheep (Dursun, 2002; Yildiz
et al., 2004), and lancet in dog (Dursun,
2002).

The pineal gland in our study was found
between the two thalami in the third
ventricle, rostral to the rostral colliculi, and it
extended caudodorsally, ventral to the
splenium of the corpus callousum. A similar
position of the penile gland was reported in
other mammals (Dursun, 2002; Yildiz et al.,
2004; Ozgel et al., 2008; Ebada, 2012). This
close vicinity of the pineal gland to the third
ventricle is classified into Type A (Vollrath,
1979). However, in rodents, the pineal gland

has deep and superficial parts; the deep part
is found in the epithalamic region, while the
superficial part is found between the cerebral
cortex and cerebellum, and was classified as
Type AB (Falcon ef al., 2009).

Pinealitis is a common affection of the pineal
gland in horses that is associated with
recurrent uveitis (Kalsow et al, 1999).
Diagnosis of the affected pineal glands
requires using highly definitive diagnostic
tools.  Ultrasonography and traditional
radiography have limited applications in the
diagnosis of neurological disorders (Mandato
et al., 2012; Perrotta et al., 2016). Magnetic
resonance imaging is considered an essential
tool for instrumental diagnosis and
interventional radiology, particularly in the
neuroradiological fields (Perrotta et al., 2016;
Jarre et al., 2017). In addition, MRI is
effectively used as a diagnostic tool for
evaluation and prognosis of neurological
disorders (Barile et al, 2018; Arnold and
Matthews, 2002). However, several previous
studies discussed the normal and diseased
features of the pineal gland in humans using
MRI (Caldas et al., 1985; Gheban et al,
2019). Although scarce studies were
available describing the neuroradiological
appearance of the pineal gland of the
domestic animals, especially in donkeys, the
current study permitted a high-definitive
visualization of the pineal gland in donkeys in
three sequences of MRI, T1-weighted, T2-
weighted, and Flair. The obtained MR images
in our study were selected with their matched
anatomic sections in two planes, sagittal and
transverse, at the level of the interthalamic
adhesion, providing a comprehensive
depiction of the pineal gland and allowing
clinicians to properly identify the lesion and
interpret the pineal gland from multiple
angles. The gross sections in the current study
provided a systemic orientation of the normal
anatomical features of the pineal gland and
helped in the identification and evaluation of
the MR images. Moreover, using various
MRI sequences allowed a high degree of
definition and delineation of the normal
anatomic  structures, helping accurate
diagnosis and prognosis of several
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pathological conditions (El Nahas et al,
2024). In our study, we used three sequences
of MRI, TI-weighted, T2-weighted, and
Flair, which enhanced a definitive delineation
of the normal pineal gland in donkeys, where
it could be depicted with intermediate signal
intensity on Tl-weighted and T2-weighted
MR images and low signal intensity on Flair
MR images. However, the normal pineal
gland in humans showed isointense on both
T1-weighted and T2-weighted MR images
(Caldas et al, 1985). Identification of the
normal signal intensity of the pineal gland
would help in a precise interpretation and
evaluation of the tissue changes in the
diseased gland. Consequently, the given data
could help as a standard reference for future
clinical MRI of the pineal gland in donkeys.

CONCLUSION

The present investigation provided a brief
morphometric description and a high-
definitive MRI visualization of the pineal
gland in donkeys. The mean pineal gland size
was 1.23 +0.13 cm length, 0.32 £0.11 cm
width, and 0.62 +0.20 cm height, proving
that no significant differences were detected
(P>0.05) between the gland’s size and
animal's sex and age, brain size or body
weight. According to its position in the third
ventricle, rostral to the rostral calliculi, the
pineal gland in the donkey could be
classified into Type A and subclosal in
position, as it extended caudoventrally
ventral to the corpus callosum. Moreover, the
pineal gland could be visualized with
variable intensities on different MRI
sequences (T1-weighted, T2-weighted, and
Flair). These anatomical features of the
pineal gland could be used as a standard
anatomic reference for further interpretation
of the diseased pineal gland in donkeys using
MRI.
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