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Morphological and morphometrical study of the fore
limb bone of common eland (Taurotragus oryx)

a a a,b c
Mohammad Rafiqul Islam, Latifa Akter, Imam Hasan, Md. Arman Sharif

2 Department of Anatomy and Histology, Faculty of Veterinary Science, Bangladesh Agricultural University, Mymensingh-2202,
Bangladesh.

® Department of Biotechnology and Life Sciences, University of Insubria, Via J.H. Dunant, 3, 21100 Varese, Italy.

¢ Department of Anatomy and Histology, Faculty of Veterinary Medicine & Animal Science, Bangabandhu Sheikh Mujibur
Rahman Agricultural University, Salna, Gazipur, Bangladesh.

This research paper presents a comprehensive morphologic and morphometric analysis of the forelimb bones (scap-
ula, humerus, radius, and ulna) of the common eland (Taurotragus oryx) that are facing the threat of extinction. The
study aims to contribute essential anatomical and clinical data, as well as facilitate biomedical research and educational
endeavors. Bone specimens sourced from the Bangladesh National Zoo, Dhaka, were subjected to a standard hot wa-
ter maceration technique, followed by sun-drying and treatment with 5% hydrogen peroxide. The scapula displayed a
distinct triangular flat shape with a well-developed spine, and demarcating supraspinous and infraspinous fossae. Scap-
ular weights were recorded at 698 gm (right) and 718 gm (left). The humerus, a robust and elongated bone measuring
an average of 35.9 cm, exhibited a compressed cylindrical diaphysis and expanded epiphyses, with the right humerus
weighing 944 gm and the left, 1016 gm. Notably, the humeral shaft displayed distinct regional compressions and expan-
sions. The radius, slightly oblique and broader than the ulna, demonstrated cranial-caudal flattening. In contrast, the
ulna, the longest bone at an average of 41.6 cm in the forearm, displayed distinct anatomical features. These findings
offer valuable insights for comparative anatomical investigations within this taxonomic group and hold significance for

clinical applications and educational purposes.
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Introduction [N

The eland, a remarkable inhabitant of the Af-
rican savannah, stands as the continent's sec-
ond-largest antelope species, characterized by a size
disparity between males and females. Within the eland
genus, Taurotragus, the common eland (Taurotragus
oryx), and its slightly smaller counterpart, the giant
eland (Taurotragus derbianus), command attention
[1]. Distributed across East and Southern Africa, the
common eland, also known as the southern eland or
eland antelope, assumes a prominent role among the
savannah and plains antelopes [1]. This species falls
within the Artiodactyla order, the Bovidae family, and
the Taurotragus genus, a lineage initially outlined by
Peter Simon Pallas, a distinguished German biologist
and botanist, in 1766.

Eland's behavioral patterns have fascinated re-
searchers, as it exhibits crepuscular tendencies—ac-
tively foraging during cooler periods, particularly in
the early mornings and late evenings [2]. Remarkably,
the common eland holds the potential for domesti-
cation, finding utility in meat and dairy production,
coupled with its amenability to taming [3]. The eland's
physiological efficiency, marked by low water require-
ments and substantial milk output, further supports
its suitability for domestication [4]. While the phys-
iological and behavioral dimensions of the common
eland have attracted scholarly attention, a comprehen-
sive elucidation of its skeletal composition remains
notably absent. In the realm of anatomical education
and research, the demand for accurate teaching aids
remains pronounced, particularly within disciplines
such as anatomy and biology. This need holds rele-
vance in veterinary studies, facilitating a deeper com-
prehension of animal anatomy during the preclinical
phase [4]. The skeleton, a structural cornerstone, fur-
nishes critical support and protection to an organ-
ism's soft tissues [5]. Museums, research institutions,
schools, and environmental organizations house ver-
tebrate skeletons, pivotal in research and educational
initiatives [6]. Among skeletal segments, the appen-
dicular skeleton, comprising the limb bones, assumes
significance in understanding animal locomotion and
form [7].

This study embarks on the preparation and exam-
ination of the forelimb bones of the common eland,
offering valuable insights for veterinary studies and
facilitating an enhanced understanding of animal
anatomy. Traditional skeletal preparation techniques,
widely employed by anatomists, entail a considerable
time investment, ranging from one to two months,
contingent on the animal's size [8]. However, while
extensive studies have explored the skeletal systems of
diverse species—ranging from large ruminants such

as cattle, small ruminants such as sheep and goats,
[5], pet animals such as dogs [5, 9-10] and cats (1)],
wild carnivores such as tiger [12], leopard and Asiatic
cheetah [13], West African giraffe [14, 15], the Afri-
can elephant [16], Guinea pig, rat and rabbit [17] have
been documented. However, the morphology and
morphometrics of the common eland's skeletal system
have remained relatively uncharted territory.

This research endeavors to address this gap, fo-
cusing on a comprehensive morphologic and mor-
phometric analysis of the common eland's forelimb
bones. By shedding light on the osteological intrica-
cies of this species, the study not only aids in distin-
guishing it from other domestic ruminants but also
presents insights applicable to surgical procedures
and radiographic interpretations, thereby enriching
the understanding of anatomical structures in prac-
tical contexts.

Results

The forelimb of the common eland was com-
prised of several key elements, including the scapu-
la, humerus, radius-ulna, carpals, metacarpals, and
digits (manus). This comprehensive study delves into
the general morphological and morphometric char-
acteristics of the scapula, humerus, and radius-ulna,
comparing these features with those of other domestic
and wild animals.

Scapula Morphology

The scapula of the common eland exhibited a dis-
tinctive, large, triangular-shaped flat bone structure,
featuring lateral and medial surfaces, as well as three
borders: cranial, caudal, and dorsal. These character-
istics were found to be comparable to various species,
including cattle [5], sheep, horses [5], lions [19], and
dogs [9]. The scapula's weight was recorded as 698 gm
for the right side and 718 gm for the left side (Table
1). It displayed an oblique and downward orienta-
tion, with a slight curvature and greater width dorsal-
ly compared to ventrally. Notably, the cranial border
was convex, rough proximally, concave, and smooth
distally, measuring an average length of 38.5 cm
(Figure 1). The dorsal border, while slightly convex,
proved to be the shortest (average 20.8 cm) among the
borders (Table 1). In contrast, small ruminants tend
to have a longer dorsal border and a narrower neck.
Distinctive to the scapula of the common eland, the
caudal border exhibited convexity along the proximal
two-thirds and concavity along the distal third. This
pattern of border differentiation was also observed in
various domestic ruminants such as cattle [20], sheep
[5], Black Bengal goats [21], and wild ruminants like

Rafiqul Islam et al., IJVST 2024; Vol.16, No.2
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Table 1.
Morphometric data for various features of the scapula (N = 2)

Measurements (cm)

Parameters
Right Left
Border:
Cranial 39 38
Caudal 37.5 373
Dorsal 20.7 20.9
Length of spine 36.8 36.7
gf:ryf(i)ril;ucr:vlii;lgth of dorsal border to the 416 414
Height of supraspinous fossa to spine 5.0 4.8
Height of infraspinous fossa to spine 4.8 4.6
Figure 1. Glenoid cavity:
Ll syt ofSapis = ot angle
Supraspinous fossa, 5= Infraspinous fossa, Width 6.9 6.8

6 = Acromion process, 7= Supraglenoid Tu-
bercle.

giraffes [14, 15] and horses [20]. However, pigs [9]
and certain carnivores displayed contrasting border
configurations, with pigs appearing rhomboid and
carnivores adopting a D-shaped structure. Moreover,
the scapula's dorsal border measurements exhibited
slight differences between the right (20.7 cm) and left
(20.9 cm) sides, while the largest distance between the
glenoid cavity and the dorsal border was 41.5 cm (Ta-
ble 1).

Scapular Fossae and Spine

The lateral surface of the scapula was character-
ized by the presence of two fossae: a cranio-dorsal
supraspinous fossa and a caudo-ventral infraspinous
fossa, divided by a well-developed scapular spine
(Figure 1). This spinal feature, more prominent and
less sinuous in the common eland, displayed distinct
bending characteristics. Unlike the horse [5], where
a small spinal tuber was observed centrally, the scap-
ular spine of the common eland lacked this feature.
Additionally, the spine's projection in the pig [22]
significantly differed from the findings of this study.
Furthermore, the acromion process of the scapula ex-
tended prominently from the spine like cattle, sheep,
Black Bengal goats, and dogs. Comparable to lions
[19] and African elephants [23], the acromion process
in the common eland presented an overhanging struc-
ture toward the glenoid notch. The average length of
the scapular spine in the studied individual was 36.75
cm, contributing to its unique morphology (Table 1).
Notably, the infraspinous fossa was larger than the su-
praspinous fossa, maintaining a 3:1 ratio (Figure 1),

consistent with patterns observed in various ruminant
and non-ruminant species [5]. The supraspinous fossa
housed the supraspinatus muscle, while the infraspi-
nous fossa accommodated the infraspinatus muscle,
resembling muscle distribution in other domesticated
and wild animals.

Subscapular Fossa and Glenoid Cavity

The medial surface of the scapula revealed a shal-
low middle subscapular fossa, hosting the subscapu-
laris muscle (Figure 2). Notably, the areas designated

Figure 2.

Medial aspect of the scapula. 1= Cranial angle, 2= Caudal angle,
3= Caudal Ridge, 4= Cranial Ridge, 5= Dorsal Margin, 6= Crani-
al margin, 7= Caudal Margin, 8= Scapular notch.

Morphologic and morphometric study of common eland (Tau-
rotragus oryx)
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for the attachment of serratus ventralis muscles lacked
distinct boundaries from the subscapularis fossa.
This finding contrasted with cattle [24], sheep, and
goats [24], where distinct boundaries were evident.
The distal extremity of the scapula, connected to the
bone's body by the neck, featured the glenoid cavity
for articulation with the humerus. This glenoid cavity
displayed circular characteristics akin to cows, Black
Bengal goats, sheep, horses, and giraffes. In compari-
son, variations were observed in the shape of the gle-
noid cavity among other species, such as the elongated
cavity in Asian elephants [25], the pear-shaped cavity
in cats [11], and the shallow cavity in dogs [9]. More-
over, the edge of the glenoid cavity exhibited a slight
cranial indentation. The presence and distinctness
of the glenoid notch, however, varied across species,
with more distinct notches observed in horses [5],
dogs [9], and cats [11], but there is no distinct notch
in Black Bengal goats [21], sheep, cattle [5]. The pres-
ence of the small and rounded supraglenoid tubercle,
located close to the glenoid cavity on the cranial as-
pect of the scapula in the common eland, aligned with
cattle features, is different from those seen in horses
[5], dogs [9], and cats [11]. On the medial aspect of
the glenoid angle, the tiny, rounded coracoid process
was projected caudally to the supraglenoid tubercle,
like that of cattle, horses [5], giraftes [14, 15], and oth-
er wild animals.

Humerus Morphology

The humerus, forming the arm of the
common eland, constituted a prominent bone

Table 2.
Morphometric data for various features of the humerus (N = 2)

RESEARCH ARTICLE

other species and could reflect adaptations related to
locomotion and muscle attachment.

Musculospiral Groove and Medial Surface

The lateral surface of the humerus featured a
shallow spiral groove, referred to as the musculo-
spiral groove, designated for the attachment of the
brachialis muscle (Figure 5). This groove encircled
the cranial surface and connected proximally to the
caudal surface. Comparatively, this groove exhibit-
ed variations among different species, with shallow
features in cattle, a more spiral and deeper groove in
horses [5], and minimal presence in giraffes [14, 15].
The medial surface of the humerus blended with the
cranial and caudal surfaces, appearing rounded from
side to side. The teres major tuberosity was positioned
proximal to the midpoint, similar to observations in
horses and cattle [5], while being absent in giraftes
[14, 15]. This distinct arrangement likely contributes
to the functional capabilities of the humerus within
the common eland's limb structure. The crest of the
humerus served as a demarcation between the cra-
nial and lateral surfaces of the bone. The lateral sur-
face, extending proximally, exhibited a smooth and
wide configuration, which gradually transformed
into a rough and narrow texture distally (Figure 5).
In comparison to cattle [24], the deltoid tuberosity of
the common eland's humerus, where the deltoideus

within the appendicular skeleton. It extend-

Measurements (cm)

ed proximally from the scapula to the elbow  Parameters Right Left
distally, serving as a crucial link between the
shoulder and the radius-ulna complex. The Total length 2> 560
humerus displayed distinctive characteristics, ~ Shaft:
both in terms of its length and various struc- Length 25 16
tural features, as discussed below. The average
length of the humerus in the common eland Circumference of the 223 22.0
was measured at 35.9 cm. Notably, variations upper part
were observed in weight between the right hu- Circumference of the 16.1 15.8
merus (944 gm) and the left humerus (1016 m.lddle part
gm), suggesting subtle asymmetry between l(; icelrl?:ience of the 17.0 16.8
the limbs (Table 2). The humerus comprises
three main components: the body or shaft, the ~_Circumference of head 26.6 27.0
proximal extremity, and the distal extremity.  Proximal extremity:
The shaft exhibited an irregular cylindrical Ciroumference 205 410
shape and displayed a noticeable twist, con-
tributing to its unique appearance (Figure 4). Width };?Eirl\cda)u) gggirl\c/[a)u)
The length of the shaft averaged 22.55 cm, and ' '
it was characterized by upper, middle-, and  Distal extremity
lower-part circumferences, measuring 22.15 Circumference 29.0 28.5
cm, 15.95 cm, and 16.9 cm, respectively (Table

Width 9 8.9

2). This complex configuration is distinct from

Rafiqul Islam et al., IJVST 2024; Vol.16, No.2
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muscle attached, was less prominent. This contrasts
with horses, where the deltoid tuberosity was more
pronounced [5]. Additionally, a small prominence
known as the teres minor tuberosity was located prox-
imal to the deltoid tuberosity, further enhancing the
muscle attachment site (Figure 4, 5). Notably, these
tuberosities were absent in giraftes [14, 15], differing
from the observations in the present study. In sheep,
the deltoid tuberosity was less prominent and closer to
the proximal end [5], showcasing variations in muscle
attachment across species. The lateral head of the tri-
ceps brachii muscle was attached to the humeral neck
on the lateral surface by a curving line proximal to
the deltoid tuberosity. The cranial surface of the shaft
of the humerus ended at the radial fossa distally. The
caudal surface is smooth, almost straight, rounded
from side to side, and ends distally at the olecranon
fossa (Figure 4). The nutrient foramen was located al-
most at the middle of the caudal surface of the humer-
us (Figure 4) like sheep [5], and Black Bengal goats
[21]. According to [5], the nutrient foramen of cattle
is placed in the distal third of the caudal surface of the
humerus, but that of horses is positioned in the distal
third of the medial surface of the humerus. In Asiat-
ic cheetah, there were two main nutrient foramina on
the shaft of the humerus: one was on the roof of the
olecranon fossa, and the other was proximal to the su-

IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Figure 3.
Distal aspect of Scapula. 1= Glenoid cavity, 2= Supragle-
noid tuberosity, 3= Coracoid process, 4= Glenoid notch.

pratrochlear foramen on the medial surface [26]. The
head, neck, two tuberosities, and intertuberal groove
made up the proximal extremity. The neck of the hu-
merus was clearly defined caudally.

Proximal Extremity and Tuberosities

The proximal extremity of the humerus encom-
passed several key features, including the head, neck,
two tuberosities (greater and lesser), and the intertu-
beral groove (Figure 4). The head, with its rounded

Figure 4.

Humerus (caudal view); 1= Head of
humerus, 2= Neck of humerus, 3=
Major (lateral) tuberosity, 4= Body of
humerus, 5= Deltoid tuberosity, 6=
Olecranon fossa, 7= Medial epicon-
dyle, 8= Lateral epicondyle, 9= Nutri-
ent foramen.

Figure 5.

Humerus (cranial view); 1= Major
(lateral) tuberosity, 2= Minor (medial)
tuberosity, 3= Intertuberal groove, 4=
Deltoid tuberosity, 5= Radial fossa, 6=
Trochlea, 7= Capitulum, 8= Musculo-
spiral groove for brachialis, 9= Teres
major tubercle.

Figure 6.

Radius and ulna (lateral view); 1= An-
coneal process, 2=Trochlear notch, 3=
Radial tuberosity, 4= Tuberosity for
attachment of the lateral collateral lig-
ament of the elbow joint, and extensor
digitorum communis and lateralis, 5=
Proximal interosseous space, 6= Shaft
of radius, 7=Shaft of ulna, 8= Tuberos-
ity for attachment of lateral collateral
ligament of carpal joint, 9= Styloid pro-
cess of ulna.
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shape and convex articular surface, facilitated artic-
ulation with the glenoid cavity of the scapula. The
greater tubercle, positioned cranio-laterally, extended
approximately 2-3 cm beyond the head level, forming
the shoulder point. This tubercle was divided into cra-
nial and caudal parts, which played a role in delineat-
ing the lateral limit of the intertuberal groove (Figure
4). In contrast, the lesser tubercle was less prominent,
possessing both cranial and caudal portions. The in-
tertuberal groove, positioned cranially and undivid-
ed, represented a notable feature of the humerus. This
arrangement differed from species like horses, Asiatic
cheetahs, and giraffes, which exhibited an intermedi-
ate tubercle that divided the intertuberal groove [5,
14-15, 26].

Distal Extremity and Articulation Surfaces

The distal extremity of the humerus featured the
medial epicondyle and lateral epicondyle, alongside
radial and olecranon fossae (Figure 4). The trochlea
(medial condyle) and capitulum (lateral condyle) pro-
vided oblique articular surfaces for articulation with
the radius and ulna (Figure 5). The trochlea, larger
than the capitulum, displayed a sagittal groove that
extended up to the olecranon fossa. This deep fossa
accommodated the ulna's anconeal process, ensuring
functional integration with the radius-ulna complex
(Figure 5). The radial fossa, situated cranially proximal
to the trochlea's sagittal groove, was consistent with
patterns observed in other species. All these charac-
teristics are like cattle, horses, sheep [5], Asiatic chee-
tahs and Asian elephants [26], and giraffes [14, 15].
Black Bengal goats had shallow radial and
olecranon fossae [21], whereas, in dogs, these
two fossae frequently communicate with one
another through a wide supratrochlear fora-

Table 3.
Morphometric data for various features of radius (N = 2)
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sitioned craniolaterally to the ulna, articulating with
the humerus at its proximal end and craniomedially
at the carpal joint (Figure 6). Both bones exhibited
convex cranial surfaces and concave caudal surfaces,
with the ulna being thinner and fused cranially to the
caudal surface of the radius, apart from the interosse-
ous spaces. This anatomical arrangement shared sim-
ilarities with cattle [5], Black Bengal goats [21], and
giraffes [14, 15].

Radius Characteristics

The radius, shorter and broader than the ulna,
displayed an oblique orientation, being flattened
craniocaudally. It consisted of a shaft and two ex-
tremities: proximal and distal (Figure 6). The shaft's
average length was 33.9 cm, with a middle part cir-
cumference of 14.15 cm (Table 3). Longitudinally
curved, the radius featured a smooth, convex cranial
surface and a concave caudal surface along its length.
Notably, two distinct borders, lateral and medial,
were observed. This contrasts with the giraffe's elon-
gated linear-shaped radius [14, 15] and is consistent
with the morphology of domestic ruminants like
cows [24] and the common eland. A shallow, smooth
groove was observed along the caudal border, form-
ing the proximal interosseous space in coordination
with the ulna. The distal interosseous space was no-
tably narrow and elongated in the distal part of the
radius shaft, differing from horses where this space is
absent [5]. Furthermore, the distal interosseous space
was small and indistinct in Black Bengal goats [21],
whereas it was entirely absent in Asian elephants [25].

men [9]. The craniocaudal diameter of the

Measurements (cm)

Parameters -
proximal and distal extremities was 12.25 cm Right Left
and 8.95 cm (average), respectively (Table 2).  Total length 34.0 33.8
Radius and Ulna Proximal extremity:

The forearm of the common eland is Circumference 25.9 25.8
composed of two bones: the radius and ulna. Width 100(L-M)  9.8(L-M)
The weights of the right and left radius-ulna ! 5.3(Cr-Cau)  5.4(Cr-Cau)
were measured at 934 gm and 986 gm, re-  pjgal extremity:
spectively (Table 3). While the shafts of both :
the radius and ulna were largely fused, except Circumference 23.1 23:5
for the proximal and distal interosseous spac- . 7.8(L-M) 7.8(L-M)

Width 62(Cr-Cau)  6.1(Cr-C
es, there were notable differences in their rel- 2(Cr-Cau) _ 6.1(Cr-Cau)
ative lengths. Speciﬁcally, the ulnar bone was Circumference of shaft:
longer than the radius in the common eland, Uoner 6.5 62
a characteristic shared with cattle [5], Black PP : :
Bengal goats [21], and giraffes [14, 15]. This Middle 14.1 14.2
contrasts with horses, where the radius tends L

ower 15.4 15.0

to be larger than the ulna. The radius was po-

Rafiqul Islam et al., IJVST 2024; Vol.16, No.2
DOI:10.22067/ijvst.2024.83739.1286

Morphologic and morphometric study of common eland (Tau-
rotragus oryx)



RESEARCH ARTICLE

IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

The proximal extremity, or head, of the radius, was
transversely widened and flattened craniocaudally. It
featured two proximal attachments: one with the hu-
merus and another with the medial ulnar surface. A
concave articular surface, merging with a notch for
articulation with the humeral condyle, was evident on
the proximal extremity. Below the edge of this artic-
ular surface, the medial and lateral tuberosities were
located. A raised, rough area on the cranial surface of
the proximal extremity, termed the radial tuberosity,
was also observed (Figure 6). The distal extremity was
similarly flattened craniocaudally, forming the troch-
lea. It presented three articular surfaces that articulat-
ed with the proximal row of radial, intermediate, and
ulnar carpal bones. This configuration correspond-
ed with observations in domestic ruminants [5] and
Black Bengal goats [21].

Ulna Characteristics

The ulna, constituting the longest bone with an
average length of 41.6 cm in the forearm of the com-
mon eland (Table 4), exhibited a relatively underde-
veloped structure that was fused with the radius along
its caudolateral side. The ulnar shaft, triangular, fea-
tured three surfaces and tapered distally (Figure 7).
The proximal end of the ulna was notably prominent,
possessing a larger circumference (average of 15.3
cm) compared to the distal end (average of 7.2 cm)
(Table 4). At the proximal end of the ulna, the olec-
ranon projected beyond the radius, and its free end
expanded to form the olecranon tuber (Figure 7). The
olecranon process was composed of two surfaces and
two borders. The medial surface was concave, while
the lateral surface was convex. The anconeal process,
characterized by a sharp border, protruded cranially
proximal to the articular surface. The trochlear notch,
wider at its cranial part, was positioned proximally.
On either side of the articular surface, the lateral and
medial coronoid processes extended distally, creat-
ing a concave surface for articulation, and continued
the trochlear notch proximally. In the distal extrem-
ity of the ulna, articulation with the accessory carpal
bone and the ulnar carpal bone was observed in the
common eland. The ulnar carpal bone's lateral facet
was formed by extending the distal end downward to
create the lateral styloid process, a feature consistent
with findings in cattle, sheep [5], Black Bengal goats
[21], West African giraffes [14, 15], Asiatic cheetahs,
and Asian elephants [26]. However, this characteristic
was absent in horses [5]. Contrary to horses [5], in
the common eland of this study, the ulna extended
to the distal extremity of the radius. This alignment
corresponded with observations in cattle [24], sheep
[5], Black Bengal goats [21], West African giraffes [14,
15], Asiatic cheetahs, and Asian elephants [26]. In

Table 4.
Morphometric data for various features of the ulna (N = 2)

Measurements (cm)

Parameters

Right Left
length 41.7 41.5
Proximal extremity:
Circumference 154 15.2
Width 6.2 6.5
Distal extremity:
Circumference 7.2 7.1
Shaft:
Upper 6.2 6.1
Middle 7.2 7.1
Lower 4.8 4.8

Figure 7.

Radius and ulna (caudomedial view); 1= Olecranon, 2= Ancone-
al process, 3=Trochlear notch, 4=Proximal extremity of radius, 5,
5'= Proximal and distal interosseous spaces, 6= Shaft of radius,
7=Shaft of ulna, 8= Vascular groove, 9= Styloid process of the
ulna.
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contrast, the ulna was fused with the proximal third
of the radius in horses [5].

Materials and Methods

Specimen Collection

This common eland, aged 16 years and weighing 475 kg, died
due to age-related complications at the Bangladesh National Zoo,
Dhaka, in November 2020. The bones were collected from the
deep burial with aseptic measure from National Zoo, Dhaka,
Bangladesh. The bones were transported under aseptic conditions
to the laboratory of the Department of Anatomy and Histology,
Faculty of Veterinary Science, Bangladesh Agricultural Univer-
sity. The objective was to prepare bones for museum specimens
and educational purposes, with official authorization from the
director of Bangladesh National Zoo (Order on.01/2021/217).

Preparation of Bones

The bones were collected in a sequential manner, processed
by removing the mud with a brush, and washed under running
tap water, followed by dipping in detergent water for 2 hours.
Bones were then subjected to boiling in 5% soda water for 1
hour, followed by a 7-day immersion in the same solution. This
process aimed to facilitate the complete digestion of extra mus-
cles, tendons, ligaments, and associated structures, drawing from
the methodology outlined by [18]. The container housing the
bones was hermetically sealed, placed in a shaded area at room
temperature, and left undisturbed throughout this period. Post
7 days, bones of the forelimbs (scapula, humerus, radius, and
ulna) were retrieved, with excess tissues meticulously removed
using a blade. The collected bones underwent a thorough clean-
ing process using detergent and were subsequently rinsed exten-
sively under running water. Cleaned bones were immersed in a
container filled with a 5% hydrogen peroxide solution. Repeated
rinsing under running water ensued until the bones reached the
desired level of whiteness. This step aimed to enhance bone aes-
thetics. A 10% bleaching water solution was used to submerge
the bones for two hours, thereby forestalling potential microbial
degradation. Sun exposure facilitated the complete drying of the
bones.

Biometric Study

The morphological parameters of each forelimb bone were
meticulously examined from various angles. A digital balance
was employed to measure the bone weight in grams (gm). Ad-
ditionally, metallic calibrated scales facilitated precise measure-
ments of bone length, width, height, and circumference in (cm).
To document the findings, individual photographs of the pre-
pared bones were captured using a digital camera.

Conclusion

In conclusion, this comprehensive study focused on the gross
anatomy of the forelimbs of the common eland has elucidated
distinct characteristics, as well as differences and similarities
with other mammals. Through meticulous examination of mor-
phometrical and morphological features, valuable insights were
gained into the structural attributes of the bones. This knowledge
bears significance for diverse applications, including bone identi-
fication, radiographic interpretation, and forensic investigations
involving the common eland. Furthermore, these findings pave
the way for a deeper comprehension of the precise anatomical
parameters, ultimately contributing to the enhancement of vet-

erinary care practices.
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Histopathological assessment of wound healing after using
adipose-tissue derived mesenchymal stem cells with Trag-
acanth gum hydrogel and human amniotic membrane as
dressing
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Wound healing and finding a solution for fast healing are among of the major issues of today’s world. This study aimed

to assess the effect of Tragacanth gum hydrogel as a three-dimensional scaffold of MSCs along with a wound dressing
of human amniotic membrane in the healing of full-thickness skin wounds in rat. In this study, 54 Albino female rats
(150 g) were divided into control, hydrogel, and hydrogel+stem cell groups. Under general anesthesia, two bilateral
full-thickness wounds were created on the dorsal area by a 9.8-millimeter biopsy punch. Rats were euthanized on days
3, 10, and 21 for histopathology and cell tracking by PCR evaluation of tissue samples. The histopathological results
showed that no significant difference was seen on days 3 and 21, and there were significant differences only on day 10. In
terms of epithelialization, the treatment groups were significantly different from the control group hydrogel+MSCs had
a statistically significant difference with the control group in terms of granulation tissue formation. Cell tracking results
with PCR on days 3, 10, and 21 in the hydrogel+MSCs group showed that MSCs were found only on day 3. The results
of the present study showed that the use of stem cells together with the Tragacanth gum hydrogel as a scaffold and the

use of human amniotic membrane as a dressing can cause fast healing of full-thickness wounds.
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Introduction [N

The skin acts as the first defense barrier of the
body against external injuries, pathogens, and
water loss, and it is also a thermoregulator [1,2]. In
the management of wounds, the best method should
be selected according to the size of the wound, the
amount of tissue damage, the presence of infection,
and the length of time since the wound was caused
[3]. Naturally, the body's speed in responding to inju-
ry and wound healing should be a way that prevents
the infection and severe inflammation or organ failure
[4]. In addition, open wounds can be treated by two
methods: primary (suturing) and secondary healing.
Sometimes, due to the large size of the wound, the
amount of tissue damage, infection, and economic
conditions, the wound is treated with secondary heal-
ing methods (contraction and reepithelization), which
would be a more appropriate and practical method
[5]. Although a variety of local treatments with dif-
ferent substances are used for secondary wound heal-
ing, today, cell therapy is used as a new treatment
with minimal side effects in the treatment of various
diseases, including wound healing. Among the cells
with different origins, MSCs have the potential to be
used for wound cell therapy. MSCs are found in most
tissues with different sources and have been used to
manage the wound healing and regeneration process
[6]. Studies showed that adipose-derived MSCs (AD-
MSC) have effective properties such as easier separa-
tion, affordability, and lack of ethical issues, and they
have high differentiation ability into different types of
cells, including skin cells and myocytes [7].

The second solution that can be used in wound
healing is the use of biological scaffolds as a carrier for
the transfer of cells, drugs, medications and various
compounds. One of these biological scaffolds is hydro-
gels, which can be made from various natural polysac-
charides. Natural polysaccharides, as abundant poly-
mers, are hydrophilic and environmentally friendly.
They are more similar to the extracellular matrix and
rarely cause inflammatory responses and cytotoxicity
due to their structure and high hydrophilicity [8,9].
Tragacanth gum, as an anionic polysaccharide, is a
natural polymer extracted from renewable sources of
agrochemicals. Its advantages include wound healing
and drug delivery to control and improve the micro-
structure, texture, stability, and viscosity of cosmetics,
biological products, food, and pharmaceutical formu-

ECM: Extracellular Matrix

HAM: Human Amniotic Membrane

PBS: Phosphate-buffered saline

DMEM: Dulbecco's modified Eagle's medium

lations. In addition, they are used as emulsifiers and
thickeners [10-12]. Tragacanth gum hydrogels are
hydrophilic polymers with three-dimensional struc-
tures that have a high capacity to absorb water and are
used as a controlled drug release and wound dressing
[13-15]. Moreover, they have biocompatibility fea-
tures in the presence of different fluids and tissues of
the body. They are similar to the native ECM in terms
of the lack of toxicity, subtlety, non-allergenic power,
and rubbery nature [16,17].

One of the protective dressings, that is widely
used in wound healing, and its effectiveness has been
confirmed in various studies, is HAM. The HAM trig-
gers the migration and proliferation of the epithelial
cells of the epidermis [18]. It has anti-inflammatory;,
antibacterial, and non-immunological properties and
causes the wound to contract faster. It is impregnated
with several essential growth factors [19].

Considering that all these valuable substances
alone are effective in wound healing, in this study,
the simultaneous effect of MSCs and Tragacanth gum
hydrogel on wound healing and the use of HAM as
dressing were investigated.

Results [N

MSCs Characterization and Differentiation

In passage 0, the cell colonies of MSCs were heter-
ogeneously visible. As the passage numbers increased,
the cells became more homogeneous and morpholog-
ically elongated (Figure 1A, B).

In this study, the cells were placed in the third
passage in the differentiation media, inducing fat and
bone cells. After 21 days of culture for differentiation
into fat and 14 - 17 days for differentiation into bone,
their successful differentiation towards fat and bone
cells was proved by Oile Red O (bright red fat vacu-
oles) and Alizarin Red (Calcium ions deposited in the
external matrix of cells) staining methods, respective-
ly. Moreover, examining the activity of alkaline phos-
phatase was indicative of the differentiation of these
cells to bone cells (Figure 1C-H).

DAPI staining of HAM

The results of this staining showed that cell re-
moval was complete. The membrane was entirely uni-
formly black under the fluorescent microscope (Fig-
ure 2A-C).

Histological wound healing assessment

Epidermal cells regeneration

The process of wound healing 3 days after surgery
in the rats of the control and hydrogel groups was ob-
served only as the thickening of the epidermis tissue
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Figure 1.

Characteristics of rat adipose tissue-derived mesenchymal stem cells (adMSCs). Phase contrast photomicrographs show the morphol-
ogy of colonies of rat adMSCs at passage 0 (A) and expanded rat adMSCs at passage 1 (B). The cells represent spindle-like morphology.
Rat adMSCs at passages 1-3 were characterized by adipogenic differentiation via Oil Red O staining that represents the lipid vesicles
within differentiated cells (C) versus the control cell without adipogenic induction media (D). The osteogenic differentiation potential
of rat adMSCs was also examined by Alkaline phosphatase activity assay (E) and Alizarin red staining (G) against their respective
controls (F and H). All the images except A were taken by X100 magnification.

--

Figure 2.

Confirmation amniotic membrane decellularization by DAPI fluorescence dye. A: Amniotic membrane before decellularization, B:
amniotic membrane during decellularization, C: amniotic membrane after decellularization. In this staining, the blue dots represent
the nucleus of the amniotic membrane cells, and the black parts indicate the decellularized amniotic membrane.

tous inflammation and inflammatory cells, but these

at the cut edge's. In some rats of the hydrogel+MSCs ;e e ces were not significant (p > 0.05) (Figure 3B,
group, the epidermis was completely regenerated, 4E-G)

and the entire wound was covered with keratinocyte
cells. In addition, the amniotic membrane was ob-  Granulation tissue formation
served as a serous layer covered with squamous cells
on the wound scab in this group. In general, between
the treatment groups and the control group were sig-
nificant (p < 0.05) on the 10th day, and at this time,
complete regeneration of the epidermis was observed
only in the hydrogel+MSCs group (Figure 3A, 4A-D).
Inflammation response

According to our results, granulomatous inflam-
mation was severe in all groups on days 3 and 10.
On the 10th, in the hydrogel and control groups, the
presence of more granulomatous inflammation and
giant cells was confirmed. On the 21st day, the hydro-
gel+MSCs group had the lowest grade of granuloma-

According to the total scores of granulation tis-
sue formation on days 3 and 10, the samples of the
hydrogel+MSCs group showed the highest rate of
granulation tissue formation compared to the other
groups, but the difference with the control group was
significant only on day 10 (p < 0.05). On the 21st day,
this criteria was higher in the hydrogel and control
groups than hydrogel+MSCs but the difference was
not significant (Figure 3C, 4H-]).

PCR analysis of male DNA in female tissue

Sex mismatch between donor and recipient an-
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: A: Average evaluation of regeneration of epidermal cells,
B: intensity of inflammation and C: granulation tissue for-
mation in different days and groups.

Granulation tissue funmation

Figure 4.

A: Re-epithelialization (arrow) and moderate granulation tissue formation (star) at
the wound edge of the hydrogel+MSCs group on day 3 (H&E staining, 10x mag-
nification). B: Amniotic membrane covered with squamous cells (arrow) on the
wound scab in the hydrogel+MSCs group on day 3 (star) (H&E staining, 10x mag-
nification). C: Complete regeneration of the epidermis (arrow) in the wound site
of the hydrogel+MSCs group on day 10 (H&E staining, 4x magnification). D: Lack
of complete regeneration of the epidermis (star) at the wound site in the control
group on day 10 (H&E staining, 10x magnification). E: Diffuse granulomatous in-
flammation in the dermis area at the wound repair site in the hydrogel+MSCs on day 10 (H&E staining, 10x magnification). F: Diffuse
granulomatous reaction at the base of the wound in the hydrogel group on day 21. (H&E staining, 10x magnification). G: Granuloma-
tous reaction around the unrecognizable structure in the control group on day 21. (H&E staining, 10x magnification). H: Hyperemia
and the beginning of the angiogenesis process at the base of the wound (arrow) and the absence of granulation tissue formation (star)
in the control group on day 3 (H&E staining, 10x magnification). I: Two foci of granulation tissue formation in the center of the wound
(star) and the amnion membrane on the surface of the wound in the hydrogel+MSCs group on day 3 (arrow) (H&E staining, 4x mag-
nification). J: Lack of complete regeneration of the epidermis and the presence of a scab on the surface of the wound (black arrow), the
formation of abundant granulation tissue and angiogenesis (star), and the presence of granulomatous reaction in the base of the wound
(white arrow) (H&E staining, magnification x10).
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imals was designed to determine the persistence of
MSCs in the wound tissue. Female rats were injected
with a hydrogel containing AD-MSCs of male rats at
the wound site. The results obtained from PCR, re-
vealed that MSCs were present until the 3rd day only
in the wound of the group receiving hydrogel+MSCs.
However, no bands were observed on the 10th and
21st days and in the two other groups (Figure 6).

Figure 5.

Representation of the gel electrophoresis to trace the
SRY gene in order to check the presence of MSCs in
the wound healing site on day 3. From left to right: 1)
MSCs isolated from the fat of male rats. 2) Samples
were isolated from the hydrogel+MSCs group on day
3. 3) ladder. 4) Replication of three samples from the
same group with higher DNA concentration.

Discussion

MSCs can differentiate into other cells and secrete
or suppress the growth hormones or essential cyto-
kines in the wound environment. AD-MSCs in large
quantities are easily isolated and cultured and have
great potential in therapeutic applications [20]. In the
present study, the regeneration of the epithelium was
completed on day 3 in the hydrogel+MSCs group, and
in the other groups, it was completed on day 10. In dif-
ferent studies, the start of epithelialization was differ-
ent, and most of them had significant differences with
the control group. It has been shown in a research
that AD-MSCs increase blood supply and the rate of
granulation tissue formation in wounds, survive in the
wound for up to 14 days, and have lasting effects on
the wound [21].

Contrary to the above studies, one investiga-
tion showed that between the control and treatment
groups, there was no significant difference in terms of
the amount of collagen, epithelialization, angiogene-
sis, and number of fibroblasts and macrophages. They
showed that AD-MSCs had a significant effect in re-
ducing the size of the wound, but their effect on the
severity of skin lesions and pathological factors was
not confirmed. Compared to BMSCs (Bone MSCs),
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they have a lower ability to differentiate into endo-
thelial cells [22]. Furthermore, Karimi et al.(2014)
reported that AD-MSCs had no significant improve-
ment in acute burn wound healing [23].

The present study showed that the hydrogel+MSCs
group had the highest amount of granulation tissue
and angiogenesis on days 3 and 10, which decreased
on day 21. Lotfi et al. (2019) stated that the granula-
tion tissue thickness in the keratinocyte/MSCs/scaf-
fold group rose in the first week, and declined signifi-
cantly in the second week compared to other groups
[24]. In the present study and the research by Lotfi et
al, polymers made from natural materials such as
hydrogels provided a suitable environment and direct
cell contact. In the current investigation, the hydrogel
group had the highest amount of granulation tissue on
day 21 compared to the hydrogel+MSCs group, which
could indicate the critical role of stem cells that have
paracrine signaling properties, which reduce inflam-
mation, and promote angiogenesis and cell prolifer-
ation [24].

In this study, we used allogenic AD-MSCs. Ac-
cording to the literature, autologous MSCs have more
accelerated cicatrization than allogeneic MSCs. How-
ever, in burn injuries, allogeneic MSCs can be the
only available option [25]. Research showed that the
intradermal injection of allogenic AD-MSCs in burn
wounds caused a significant difference on the 14th
days with the control group [16].

In the detection of the SYR gene by PCR, the
band of this gene was observed only on day 3 in the
hydrogel+MSCs group. Hanson et al. (2016) injected
allogenic male AD-MSCs intradermally in the par-
tial-thickness of female minipigs. In female tissues,
male DNA content was evaluated by the PCR amplifi-
cation of a 377 bp segment from chromosome Y. They
observed Y chromosome bands with a decreasing
trend on days 0, 7, and 10 [26]. Based on this study,
it would have been better to include the cell tracking
investigations of day 7 in the present study to better
understand this decreasing process . The difference
between the present study and the above study may
be attributed to the type of animal modeling, method,
and amount of stem cell injection. The reason for the
decrease in the presence of MSCs in the wound site is
unknown. However, it can be because of MSCs migra-
tion from the wound site, MSCs phagocytosis by mac-
rophages, or mechanisms involved in cell processing
and tissue regeneration [26].

Tragacanth gum hydrogel can be a suitable scaf-
fold for AD-MSCs. It accelerates the proliferation and
differentiation of cells and provides a suitable space
for the support and adhesion of cells. It is also capable
of expressing genes for up to 21 days and maintains
the original morphology of cells. In the present study,
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the hydrogel and control groups had significantly
different epithelialization on day 10. Although no
significant difference was observed in inflammation
and granulation tissue formation between the hydro-
gel and other groups, on the 10th and 21st days, the
rate of granulation tissue formation in the hydrogel
group was higher than in other groups. One of the
reasons is the high concentration of hydrogel, and the
reduction of inflammation in the stem cell group is
may result from the presence of MSCs. A study simi-
lar to the current research showed that wound closure
occurs faster in the PCL-GT-stem cells group than
in the PCL-GT scaffolds group. Granulation tissue,
collagen synthesis, and angiogenesis were improved
in the PCL-GT-stem cells group. They stated that GT
accelerates the transition from the inflammatory and
germinal phases as well as the maturation of scar tis-
sue [27-29]. Researchers demonstrated that creams
made from Tragacanth gum at a concentration of 6%
had the highest effect on rabbit wound healing com-
pared to the control group [27]. In another study, with
the daily application of Tragacanth gel, a significant
difference was observed in terms of epithelialization,
inflammation, and granulation tissue on the 10th day
compared to the control group. Similar to the present
study, they showed that Tragacanth gum caused most
of the wounds to close on the 10th day by accelerating
wound contraction [28].

A proper dressing should enhance epithelial re-
generation, control the amount of exudate, prevent
material leakage, reduce inflammation and infection,
and be comfortable for the patient. In this study, am-
niotic membranes, as an economically reasonable
alternative biomaterial were used to benefit from
the above characteristics and also prevent hydrogel
leakage. In some studies, the use of amniotic mem-
branes alone in wound healing was ineffective [30],
but in others, it had no significant difference with the
control group or other treatment groups [31]. Studies
have shown that using the amniotic membrane alone
is effective for shallow wounds while a more effective
solution is required in wide and deep wounds, such
as full-thickness wounds and third-degree burns [32].

Studies showed that the application of MSCs with
cellular/acellular amniotic membrane multiplies the
rate of wound healing compared to utilizing amniotic
membrane alone [33]. In this study, on the 3rd days in
the stem cell group, acellular human amniotic mem-
brane was observed as a serous layer covered with
squamous cells on the wound scab, which is a sign of
the effective role of MSCs.

In summary, in this study, the synergism effect of
MSCs, Tragacanth gum hydrogel, and human amni-
otic membrane as a dressing was investigated. Histo-
pathology results showed that the combination of SCs

and Tragacanth gum hydrogel was influential in the
immediate wound closure, and the human amniotic
membrane played a supporting role.

Materials and Methods

Ethical statement

All procedures and experiments were performed on animals
according to the guidelines of the Animal Care Committee and
were approved by the Research Ethics Committees of Ferdowsi
University of Mashhad (IR.UM.REC.1400.333).

Isolation and Cell Expansion of ADSCs

Adipose tissue source was prepared from a male Wistar rat
(8 weeks old). After general anesthesia with ketamine 10% (50
mg kg-1, Bremer Pharma GmbH, Warburg, Germany) and xyla-
zine 2% (5 mg/kg, Alfasan, Woerden, Netherlands), laparotomy
was performed under aseptic conditions. A volume of. 2-3 ml of
accumulated fat from the retroperitoneal, perirenal, and ingui-
nal regions was dissected bilaterally and collected with at least
manipulation. These samples were transferred to the laboratory
in sterile conditions and in the shortest time for the subsequent
steps. Adipose tissue was washed with PBS (Gibco, Eggenstein,
Germany) containing 1% of the penicillin-streptomycin (Gibco,
Eggenstein, Germany) to separate the vessels and connective tis-
sues attached to the fat pieces as much as possible and the pro-
cess was repeated if necessary. For enzymatic digestion, 1 mg/ml
of collagenase type IA [Sigma-Aldrich (St. Louis, MO)] and 10
mg of bovine serum albumin (Invitrogen (Carlsbad, CA)) were
dissolved in PBS. After adding 2 mM CaCl2 to this solution, it
was sterilized using 0.2 micron filters (Jet Biofil/ Orange, Can-
ada). The collagenase solution was added to 3 ml of adipose tis-
sue fragments obtained in the previous step. The mixture of fat
and collagenase was incubated at 37°C for 1 h in a shaking water
bath (Memmert. Germany). After the enzyme digestion step, the
adipose tissue was diluted at 1:3 with PBS and was centrifuged
(800g, 10 min). After centrifuging, four phases were visible.
Next, the suspended fats fragments, adipose tissue, and PBS in
the three upper phases were removed from the test tube with a
pipette without disturbing the cells. In the DMEM / low glucose
medium (DENAzist Asias DMEM-LG (Low Glucose)), the cell
pellet was resuspended, and centrifugation (at 400 g for 6 min)
of the solution was done. The Sediment (the pellet, which con-
tained MSCs) was resuspended with DMEM/LG and cultured
in DMEM-LG with 10% fetal bovine serum and 1% penicillin/
streptomycin. Then, it was transferred to a 75T flask and main-
tained at a temperature of 37°C with 95% humidity and 5% CO,.
After 48 hrs, the culture medium was replaced and changed each
day until the confluence of cells in the flask reached 80-90%.
Then, the previous culture medium was removed, and cells were
washed with PBS. Cells were then detached by the application
of trypsin-EDTA for subculture [24,34-37]. Briefly, after adding
trypsin to the flask, it was incubated for 5 minutes, a new culture
medium containing 10% FBS was added to the flask to neutralize
the effect of trypsin, and the contents of the flask centrifuged at
400 g for 6 minutes. The supernatant medium was removed, a
new medium was added to it, and several times pipetting with
a sampler was done until the cells were suspended. After cell
counting using trypan blue, 75 x 10* cells were transferred into
a new 75T flask, and after adding culture medium, the flask was
transferred to the incubator.

Characterization of MSCs
The capability of the cells to differentiate into osteoblasts and
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adipocytes was analyzed. Flow cytometry was performed in the
previous study to assay the immunophenotype [24].

Adipogenic and Osteogenic Differentiation of
MSCs

AD-MSCs 80-90% confluency, after 3 passages, were cul-
tured in the adipogenic differentiation medium (DMEM sup-
plemented with 10% FBS, 100 pmol/L indomethacin, 10 mM
B-Glycerol phosphate, and 1 uM dexamethasone) (Sigma, Ger-
many)) for 21 days. After changing this medium, at an interval
of 2-3 days, the cells were stained with Oil red O at the end of
this differentiation period. Also, for osteogenic differentiation,
the cells were cultured in the osteogenic differentiation medium
(DMEM supplemented with 10% FBS, 10 mM ascorbic acid, 10
mM PB-Glycerol phosphate, and 0.1 uM dexamethasone) (Sigma,
Germany)) for 14-17 days and then this induction medium was
refreshed at an interval of every 2-3 days and cells were stained
with Alizarin red solution. All these steps were performed on
MSCs without induction by differentiation medium as a control.
After staining, the cells were observed under the iX70 inverted
microscope (Olympus, Japan)[37].

Alkaline phosphatase assay

The level of alkaline phosphatase activity increases with the
differentiation of MSCs into osteoblast cells. Therefore, alkaline
phosphatase activity can be used as an indicator to investigate
the differentiation of these cells that can be easily detected by the
substrate of this enzyme, i.e. BCIP/NBT. Briefly, after differentia-
tion, the cells were washed with PBS buffer and fixed in 4% para-
formaldehyde. The paraformaldehyde solution was removed and
washed, then a BCIP/NBT tablet ((5-Bromo-4-chloro-3-indolyl
phosphate/Nitro blue tetrazolium) (Roche, USA) was dissolved
in 10 ml of deionized water and 1 ml was poured on the differen-
tiated cells and the control group and kept at room temperature
for 5 to 10 minutes. For better penetration of the substrate into
the cells, 0.05% Tween-20 was added to the PBS buffer. Then,

Tragacanth gum Human
hydrogel

amniotic
\ membrane
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they were washed with PBS buffer and examined with an inverted
light microscope [37].

Preparation of Tragacanth gum hydrogel

To prepare Tragacanth gum hydrogel 6 % (6g/100 mL), after
passing sterilization steps under the hood and UV lamp, 1/5 g of
Tragacanth powder (Missouri, United States) is mixed with 25 ml
of culture medium of DMEM-LG containing FBS and then it was
shaken for at least 2hrs.

Preparation of Human Amniotic Membrane
(HAM)

The Ethics Committee of the Ferdowsi University of Mashhad
approved the use of HAM for this research. After obtaining writ-
ten informed consent, placentas were obtained during elective
cesarean section. Viral diseases were negative for all donors in
the serological results. DMEM; Gibco, Scotland contained 100 U/
mL penicillin, 100 pg/mL streptomycin, and 2.5 pug/mL ampho-
tericin B solution (Biosera UK) was used to place the placental
tissue in it. The placenta was washed several times in PBS with an
antibiotic/antimycotic solution. Blunt dissection was performed
to detach the HAM from the chorion. HAM was divided into ap-
proximately 2.5 x 2.5 cm pieces. To perform de-epithelialization,
0.5 M NaOH (Sigma-Aldrich) was used with a cotton-tipped ap-
plicator to rub the cells, followed by washing with sterile PBS in a
shaker for 10-15 min. To confirm the cell removal of the amniotic
membrane, DAPA staining (2pug/ml PBS) was done [38,39].

In vivo wound healing experiments in an ani-
mal model

In total, 54 female rats aged 1.5 months and weighting ~150
g were randomly divided into control, Tragacanth gum hydrogel
(hydrogel) and Tragacanth gum hydrogel+MSCs (hydrogel+M-
SCs) groups. The rats were anesthetized by an intraperitoneal in-
jection of 50 mg/kg ketamine and 5 mg/kg xylazine. To evaluate
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the effects of these compounds on wound healing, two full-thick-
ness circular wounds of equal sizes (8.7 x 8.7 mm2) were asepti-
cally generated using biopsy punches on either side of the dorsal
area of each rat. The rats in the control group were treated with
a hydrofilm dressing; in the hydrogel group, the amniotic mem-
brane was sutured on the wound, 0.1 ml hydrogel was injected,
and hydrofilm dressing was placed on them. In the hydrogel+M-
SCs group, following the suturing of the amniotic membrane, 0.1
ml gel-containing cells (3x10°) were placed on the wound, and
finally, the hydrofilm dressing was glued on the set (Figure 6).

During this research, the rats were kept in the animal house.
They were placed individually in cages a temperature of 24°C and
a cycle of 12 hrs of light and 12 hrs of darkness with free access to
water and food.

Histopathology

On days 3, 10, and 21 after surgery, six rats were selected, and
after euthanasia with chloroform, sampling was conducted under
sterile conditions. One of the two wounds was selected random-
ly, and the skin wound and surrounding skin were fixed in 10%
formaldehyde, embedded in paraffin, and cut into 5 um sections.
Standard H&E staining was performed, and the samples were
evaluated quantitatively and qualitatively in terms of epithelium of
regeneration of the epithelium, the number of inflammatory cells
in the area, and the amount of granulation tissue formation. The
evaluated factors were scored as follows: regeneration of the epi-
thelial tissue (beginning of the regeneration of the epithelial tissue
or thickening of the cut edges = 1, coverage of less than half of the
wound = 2, coverage of more than half of the wound = 3, coverage
of the entire wound with low thickness = 4, coverage of the entire
wound with keratinization and normal thickness = 5); degree of
inflammation (absence of inflammation = 0, mild inflammation
= 1, moderate inflammation = 2, severe inflammation = 3); de-
gree of formation and maturation of granulation tissue (absence
of granulation tissue = 0, low granulation tissue formation = 1,
moderate granulation tissue formation = 2, abundant granulation
tissue formation = 3, abundant granulation tissue formation and
with tissue maturity = 4)[40].

PCR

To evaluate the persistence of MSCs injected in the local tis-
sue wound bed, tissue samples were taken in sterile conditions
and were frozen (-80°C). As a pre-extraction step, these sections
were crushed in liquid nitrogen using sterile pestles and mortars,
and the obtained powder was used for DNA extraction. Genomic
DNA was isolated using the Animal DNA Isolation Kit (DENAzist
Asia Co., Mashhad, Iran) according to the manufacturer's instruc-
tions. To trace the MSCs of male rat adipose used in the wound
site, the Y chromosome was selected by the SYR gene [41]. Be-
cause living rats are female, the mentioned gene could be traced.
Primers that were used to amplify the SRY gene (PCR product
size: 273 bp; Gene ID: 103694554) were 5'- GTAGGTTGTTGTC-
CCATTGC-3' and 5-GAGAGAGGCACAAGTTGGC-3". The
PCR protocol consisted of an initial denaturation step at 94°C for
15 min, followed by 35 cycles of denaturation at 94°C for 30 sec,
annealing at 57°C for 30 sec, and extension at 72°C for 20 sec. A
final extension of 5m at 72°C was applied at the end of the PCR
reaction. The extracted DNA was quantified by a spectrophotom-
eter at wavelengths of 260 nm and 280 nm. After DNA extraction,
a 1.5% agarose gel was used, which consisted of 0.75 g of agarose
powder, a solution containing 1 ml of TAE buffer, 49 ml of distilled
water, and 1pL of ethidium bromide. For preparing of the Master
mix solution, 20 ng per PCR sample was taken from the extracted
DNA, and the final volume was adjusted to 10.5 puL with distilled
water. The samples were then spun, and 14.5 pL of the Master mix
and the primer solution were added to each sample. After another

round of spinning, the samples were ready for use.

Statistical analysis

Statistical analyses were performed using SPSS (Ver. 26). Ap-
propriate tests (Kruskal-Wallis Test and Mann-Whitney U-test)
were used to analyze the data. p < 0.05 was considered significant.
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keeping rabbits as pets and their use in laboratory research increased the need for studying heart diseases and treatments

in rabbits. Pimobendan is one of the most common medications used in cardiac diseases and is anecdotal in rabbits.
The first step toward the approval of pimobendan in rabbits is assessing the potential for beneficial effects on cardiac
function through echocardiographic functional parameters.This study aimed to determine the effects of pimobendan on
echocardiographic parameters. Eleven rabbits were included in this study. Echocardiographic examinations were per-
formed before and after pimobendan administration for each rabbit. The LV morphological and functional parameters
were compared between study time points. Pimobendan resulted in changes in several echocardiographic variables in
the rabbits, including FS and an increase in EF, SV, LVPWs, and LA end-systolic (p = 0.0001, p = 0.0001, p = 0.0284, p =
0.0272, and p = 0.0007, respectively). Moreover, LVIDs and end-systolic volume decreased (p = 0.0343 and p = 0.038).
The changes in some parameters were not significant, such as LVIDd, LVPWd, end-diastolic volume, LA max, Mitral
annulus diameter, and LA/Ao. FS, which indicates an increase in the power of heart contraction and consequently an
improvement in heart function, increased in this study after pimobendan administration. Therefore, it can be concluded
that pimobendan improves cardiac functions. Further studies are required to investigate whether pimobendan has sim-

ilar effects in rabbits with cardiac diseases.
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Introduction

Heart disease in rabbits can result in CHE
characterized by an excess of fluid volume
resembling the signs of left-sided failure, such as pul-
monary edema and pleural effusion, as well as the
signs of right-sided failure, including abdominal ef-
fusion, hepatomegaly, and splenomegaly. The initial
symptoms of heart disease include reduced activity,
weight loss, alterations in eating patterns, and breath-
ing difficulties.

Pimobendan, a benzimidazole pyridazinone
medication, has demonstrated significant advantages
in CHE preclinical DCM, and preclinical degenera-
tive valve disease in dogs [1, 2]. Pimobendan is used
to treat dogs with CHF secondary to DCM. It has pos-
itive inotropic and vasodilatory effects via phospho-
diesterase 3-inhibition and calcium sensitization [1].
It has other effects, such as increasing coronary blood
flow, positive effects on myocardial oxygen consump-
tion, and satisfactory effects on myocardial compli-
ance [2].

Rabbits have been widely used as animal models
to study various cardiac diseases, namely endocarditis
and cardiomyopathies [3, 4]. The most common types
of cardiovascular disease in rabbits include myocardi-
tis, arteriosclerosis, and cardiomyopathy. Electrocar-
diograms [5, 6], blood pressure measurements, and
echocardiograms [7, 8] can be used for diagnostic pur-
poses in rabbits. The extra-label use of pimobendan in
rabbits with CHF has garnered a lot of attention in the
past decade. The positive inotropic effect of the medi-
cine has been reported in rabbits without any negative
impacts on morbidity and mortality [9].

In 2020, Ozawa et al. evaluated the pharmacoki-
netics of oral pimobendan administrated to healthy
New Zealand White rabbits. According to their find-

Abbreviations Cont'd

astole

LVPWs: Left ventricular posterior wall end-systole
LVPWd: Left ventricular posterior wall end-diastole
IVSs: Interventricular septum end-diastole
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ings [10], the half-life of pimobendan was 3.54 + 1.32
h, the plasma concentrations were detected for up to
24 hours, and desmethyl pimobendan, which is the
active metabolite of pimobendan, was detectable for
24-36 h [10].

The present study was designed to address the
knowledge gap by investigating the echocardiographic
effects of pimobendan administered orally to healthy
New Zealand White rabbits.

Results

Pimobendan caused a significant increase in SV,
EF, ES, LVPWs, and the minimum size of LA com-
pared to the pre-drug group (p < 0.05), whereas LVIDs
and ESV decreased significantly (p = 0.0343 and p =
0.038, respectively). No significant change was ob-
served in some parameters, including LVIDd, LVPW
thickness in diastole (LVPWd), EDV, LA max, Mitral
annulus diameter, and LA/Ao (Figure 1,2).

Table 1 summarizes the changes from the base
time (before administration) up to 3 h after the oral
administration of pimobendan.

Figure 1.

Echocardiographic parameters in a rabbit before (lower image)
and 3 hours after (upper image) the oral administration of pimo-
bendan at 0.3 mg/kg
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Figure 2.
Left atrium size and mitral annulus diameter during systole (up-
per image) and diastole (lower image)

Table 1.
Comparison of echocardiographic parameters before and after
pimobendan administration

Variables Pre-drug Post-drug  p-value
IvSd 0.23 +£0.02 0.22 +0.01 0.2158
IVSs 0.31+0.01 0.32 +0.01 0.1388
LVIDd 1.05 +0.01 1.09 + 0.02 0.2537
LVIDs 0.74 +0.02 0.73 £ 0.02 0.0343
LVPWd 0.29 £0.01 0.29 £ 0.01 0.4537
LVPWs 0.28 £0.01 0.30 £ 0.01 0.0007
EDV 2.36 £0.58 2.61+0.13 0.2632
ESV 0.92+0.16 0.89 +0.05 0.038
FS% 29.4+0.64 32.95+0.76 0.0001
EF% 60.99 + 0.47 65.94 +0.99 0.0001
SV 1.4+0.26 1.71 +0.09 0.0284
LA max 0.76 £ 0.02 0.78 +0.01 0.2736
LA min 0.57 £0.01 0.60 +0.01 0.0272
MVA max 0.52 +£0.01 0.53 £ 0.01 0.7082
MVA min 0.46 = 0.02 0.47 +0.01 0.3111
LA/Ao 1.12 +0.02 1.12 +0.02 0.7919
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Discussion

This study found results about the effects of pimo-
bendan on the LV function of healthy adult rabbits.
The LV function increase by pimobendan was con-
firmed by some echocardiographic LV variables.

There was no significant change in LVID during
diastole, while LVID during systole decreased after
3 h. Pimobendan had the same impact in a study on
dogs with asymptomatic mitral valve disease and an-
other research on beagle dogs [11, 12]. Moreover, in
studies conducted by Boswood et al. and Haggstrom
et al. on dogs with myxomatous Mitral valve disease
both LVIDd and LVIDs decreased. In another investi-
gation by Kinel et al. (2021) on dogs with Mitral valve
disease, pimobendan only reduced the size of LV
during diastole [13-15].

The LV posterior wall was slightly increased
during systole. This finding was found in two studies
by Yata et al. on healthy dogs and healthy cats [1, 2].
The main cavity of the heart is LV and the blood in LV
is pumped in the aorta to deliver oxygenated blood to
all body tissues. Therefore, a rise in LVPW can inter-
fere with the ability of the heart to pump blood in the
aorta. However, the increase in LVPWs in this study
was very mild and remained in the normal range of
LV posterior wall thickness in rabbits. As a result, it
did not have destructive effects on the LV function.

The FS reflects the LV systolic function. Our study
showed increased left ventricular FS after pimoben-
dan administration, which means a rise in LV func-
tion. Left ventricular FS has been used in veterinary
medicine [16] and humans [17] to assess LV systol-
ic function. Prior studies have shown increased left
ventricular FS in other animals. For example, a study
evaluated cardiovascular effects after a single dose
of pimobendan in healthy cats. The same result was
found by Ro et al. after the oral administration of a
pimobendan-pentoxifylline mixture in dogs [1, 18].
Changes in some echocardiographic parameters that
indicate systolic function, such as the increase in FS
and decrease in LVIDs, indicate the positive inotropic
effect of pimobendan in rabbits.

In the current study, we observed a reduction in
ESV after 3 h, but there was no significant change in
the blood volume at the end of diastole. This finding
is similar to that of Sengklab et al. (2022) [12]. Many
studies of M-mode in veterinary medicine, showed
a strong relationship between cardiac volume mea-
surements (ESV and EDV) and cardiac output (19).
In the present study, SV rose after 30 min of pimo-
bendan administration. Despite the lack of change
in cardiac output, it can be concluded that pimoben-
dan can augment cardiac output, thereby improving
cardiac function in diseases, such as heart failure in
which cardiac output decreases. In similar studies on
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dogs, different results had been found; SV increased
after pimobendan administration in dogs with DCM,
while in another study there was no change in SV in
dogs with Mitral regurgitation [20, 21]. While SV rose
after pimobendan administration in some studies on
dogs, there was no change in SV in other research on
dogs with Mitral valve regurgitation [20, 21].

The EF as the gold standard index in evaluating
LV, significantly increased after taking pimobendan.
It depends on preload, afterload, and heart contrac-
tility. In patients with CHE it can be reduced, which
means the heart pumps less than before. With a sig-
nificant increase in EF in our study, it can be conclud-
ed that pimobendan can be used in rabbits with CHF
or any other diseases that can decrease EF. Similar re-
sults were found in an investigation on 24 dogs with
Mitral valve disease [11] and another study on dogs
with DCM treated with pimobendan [20].

There are a few studies about LA size after pimo-
bendan administration. We observed that left atrial
size at the end of the diastole increased slightly after 30
min and did not change since then. However, a study
on dogs with cardiomyopathy showed that pimoben-
dan did not cause a change in the size of the LA [22].
In addition, in a study on the left ventricular function
of myxomatous Mitral valve disease in dogs treated
with pimobendan, a similar result was obtained, and
no change in the size of the LA was reported [23]. Pi-
mobendan had similar effects in a study on the effects
of pimobendan on left atrial transport function in cats
[24].

Considering the discrepancy in the findings con-
cerning the effects of pimobendan on LA in rabbits,
further research is required. The reason for increasing
the size of the LA in our study was not found.

Conclusion

Echocardiographic results after pimobendan ad-
ministration indicated that pimobendan has useful
effects on LV function in healthy rabbits. Further
evaluations are needed to find out whether pimoben-
dan is effective in rabbits with cardiac disease.

Materials and Methods

Ethical statement

Islamic Azad University, Karaj Branch approved all the pro-
cedures used in the current study for the care and treatment of
animals (IR.IAU.K.REC.1401.018).

Animals

Eleven White New Zealand rabbits (24-30 weeks old and
weighing 2.1 + 0.3 kg) were purchased from the Pasteur Institute
of Iran (Tehran, Iran) for this study. All the rabbits were adopted
under supervision after the experiments were finished.

Medication

Pimobendan (0.3 mg/kg, Vetmedin 5 mg chewable tablet,
Boehringer Ingelhei, Germany) was dissolved in distilled water
and administered orally [10]. The medication dosage was calcu-
lated according to the weight of each rabbit, and an appropriate
amount of powdered pimobendan, depending on the weight of
each animal, was separately dissolved in 1 cc of water and gently
administered from the corner of their mouth.

Echocardiography protocol

Echocardiography was carried out under spontaneous respi-
ration, and without any anesthesia. It was performed by a single
board-certified radiologist using a GE Vivid 7 ultrasound ma-
chine equipped with a phased-array (S10) probe (5-10 MHz). To
obtain the right parasternal window, rabbits were positioned in
the right lateral recumbency, and an ultrasound probe was placed
on the cranial aspect of the thoracic wall, which had been shaved
before, through a gap in the echocardiography table.

For a short axis view from the right parasternal, M-mode im-
aging was made at the level of the papillary muscles. Measure-
ments of IVSs, IVSd, LVIDs, LVIDd, left ventricular free wall in
systole (LVFWs), and in diastole (LVFWd) were performed. The
right parasternal short-axis view with M-mode was used for mea-
suring the aortic and left atrial diameters at the level of the aortic
valve. M-mode parameters were measured by the leading-edge
method of the American Society of Echocardiography. Left ven-
tricular EF and FS were calculated by the following formulas:

FS = [(LVIDd - LVIDS) / LVIDd] x100

EF = (SV/EDV) x100

SV =EDV - ESV

Study design

Rabbits were healthy based on physical, radiologic, echocar-
diographic, and hematologic examinations.

Chest radiography for possible respiratory disorders was ob-
tained for all subjects. The animals were fed with water and pellet.
They were housed in steel cages at temperatures of 21°C-24°C,
with a 12:12 h light-dark cycle.

Each rabbit went through five echocardiographic examina-
tions. On day 0 the first examination was performed, and 1 hour
apart possible valvular blood regurgitation and thickening were
checked by color Doppler and M-mode imaging. The third ex-
amination, the baseline, was done on day 1; the fourth and fifth
evaluations were completed 30 min and 3 h after a single dose of
pimobendan was administered, respectively [26]. The planning of
the echocardiographic assessment time depended on a pharmaco-
kinetics investigation of pimobendan in rabbits [10].

Statistical analysis

To compare the echocardiographic data in pre-drug and post-
drug conditions, the average records were collected during three
quantitative assessments of pre-drug. The records were investigat-
ed between time points using SAS-9.2 software. In this research,
the primary descriptive statistics of the data and the primary sta-
tistical distributions of the data were obtained and investigated.
To examine the normal distribution of data and variance indepen-
dence, the Kolmogorov-Smirnov test was performed at a statisti-
cal level of 5%. Moreover, an analysis of variance was performed.

The mean values and standard deviations for each experi-
mental group, including the pre-drug, 30 min post-drug, and 3
hours post-drug, for each parameter extracted, and comparisons
between the means were performed by Duncan's multiple range
test. The coeflicient of variation, mean value, and total standard
deviation with the level of significance were calculated. Differenc-
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esat p < 0.05 were considered significant.
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cies in the liver and kidney of diabetic rats

a a b a
Monireh Khordadmehr, Solin Ghaderi, Mehran Mesgari-Abbasi, Farinaz Jigari-Asl,

a c
Katayoon Nofouzi, Graham Mclintyre

a Department of Pathobiology, Faculty of Veterinary Medicine, University of Tabriz, Tabriz, Iran.

® Drug Applied Research Center, Tabriz University of Medical Sciences, Tabriz, Iran.

© Center for Infectious Diseases and International Health, Windeyer Institute for Medical Sciences, University
College London, UK.

Type 1 diabetes mellitus (T1DM) occurs due to the decrease in insulin secretion following the destruction of pancreatic

beta cells. This disease is increasing worldwide, especially among children under the age of 5 years, which is usually asso-
ciated with irreversible complications such as hepatopathy and nephropathy. The present study aimed to investigate the
antidiabetic effect of the heat-killed Actinomycetales species, including Gordonia bronchialis (Gb), and Tsukamurella
inchonensis (Ti) in streptozotocin-diabetic rats by oral administration. This experiment was performed in six groups,
including healthy control, diabetic control, low-dose Gb (G1), high-dose Gb (G2), low-dose-Ti (T1), and high-dose Ti
(T2). Subsequently; the levels of ALT, AST, total protein, albumin, BUN, creatinine, CRP, IL-1p, and IL-2 were measured
in the serum samples in the 14th and 21st days. Besides, histopathological lesions were studied in the liver and kidney.
Our findings showed that Gb and Ti could alter the examined serum parameters, particularly in the T2 groups. Also,
histological examination revealed a remarkable attenuation in the pathological lesions such as focal necrosis, vascular
congestion, and hemorrhage in the liver and kidney of the treated rats by Gb and Ti. Here, it is concluded that oral ad-
ministration of the heat-killed Actinomycetales species, particularly with a high dose of Ti, could beneficially improve

the progression of T1DM and its various complications, which can be used to treat TIDM in the future.

Number of Figures: 4

. . . Lo Number of Tables: 1
Type 1 diabetes mellitus, Gordonia bronchialis, Tsuka- Number of References: 26
murella inchonensis, hepatopathy, nephropathy Number of Pages: 9
DM: Diabetes Mellitus Gb: Gordonia bronchialis
TIDM: Type 1 DM Ti: Tsukamurella inchonensis
T2DM: Type 2 DM CRP: C- Reactive protein
https://IJVST.um.ac.ir Corresponding author: | Email: khordadmehr@tabrizu.ac.ir

Monireh Khordadmehr | Tel: +98(41)3637-8744.



IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

RESEARCH ARTICLE

iabetes Mellitus (DM) is not a single disease

but a general term that describes a collection
of metabolic conditions, that result in high blood glu-
cose levels due to defects in insulin function or secre-
tion or both [1, 2]. Increasing evidence reported that
it has affected approximately 285 million individuals
globally, and this number is anticipated to increase to
439 million in 2030 [3], which is associated with severe
and irreversible complications, such as nephropathy
and hepatopathy [4]. Type 1 DM (T1DM) and Type
2 DM (T2DM) are the two primary forms of diabetes
[5]. T1DM, formerly known as insulin-dependent di-
abetes mellitus (IDDM) [2]. The annual incidence of
T1DM varies widely in different countries (from less
than one person in 100,000 in Asia to more than 41
cases in 100,000 people in Europe). Children are new-
ly diagnosed with this disease [5]. This disease is in-
creasing worldwide, especially among children under
the age of 5 years [1, 5-7]. Chemokines play a crucial
role in both the immune system and inflammatory
processes, which have been suggested as inducers of
B-cell damage in human insulin-dependent diabetes
mellitus [1].

Actinomycetales species can switch off pre-exist-
ing Th2 preponderance and stimulate Th1-mediated
mechanisms. Recently, some aerobic Actinomycetales
species, like Gordonia bronchialis and Tsukamurella
inchonensis are capable of exerting subtly different
adjuvant or immunomodulatory activities [7, 8]. In
this regard, it has been revealed that subcutaneous in-
jection of these killed bacteria improves T2DM and
obesity in mice animal models [8]. Also, our previ-
ous reports presented the improvement impacts of
the heat-killed Actinomycetales species in the pancre-
as [9], testes [10], and intestine [11] of diabetic rats.
Thus, in the present study, the beneficial effects of the
heat-killed Actinomycetales species, including Gor-
donia bronchialis (Gb) and Tsukamurella inchonensis
(Ti), were investigated in streptozotocin-diabetic rats
by oral administration. For this purpose; the liver and
kidney biochemical indicators such as ALT, AST, to-
tal protein, albumin, blood urea, and creatinine were
evaluated in the serum samples. Besides; the C-reac-
tive protein (CRP), IL-1pB, and IL-2 levels were mea-
sured and associated with histopathological evalua-
tion of the liver and kidney.

STZ: Streptozotocin
AST: aspartate aminotransferase
ALT: alanine aminotransferase

Introduction

Results NN

Biochemical findings

Lower levels of serum insulin along with elevated
glucose values were detected in control diabetic rats
compared to the other treated groups (supplementa-
ry file). Interestingly, there were no significant differ-
ences (p > 0.05) in glucose values between the dia-
betic rats and the treated groups in a dose-dependent
manner. Moreover, lower insulin levels were observed
in the diabetic rats, which improved significantly in
the treated groups by using the bacteria, especially in
Ti-recipient groups (Figure supplementary 1).

The marked decreased values of serum albumin
and total protein (figure 1A, B) were assessed in the
diabetic animals when compared with other groups,
which improved beneficially in all diabetic-treated
groups. In albumin measurement, there were notable
differences in healthy rats with other experimental
groups, and also a marked difference (p < 0.05) was
noted among the low-dose and high-dose Gb recip-
ient groups on the 14th and 21st sampling days. In
total protein data, both low and high-dose Gb and Ti
recipient groups showed significant differences (p <
0.05) with the healthy and diabetic animals. Notably,
the highest levels of both albumin and total protein
were observed in the T1, G2, and G2 groups, on the
7th, 14th, and 21st sampling days.

Significantly decreased levels of blood urea and
creatinine (figure 1C, D) (p < 0.05) were observed in
all diabetic-treated groups as compared with the di-
abetic group. The significant difference in low-dose
and high-dose groups was only in urea values on the
14-sampling day.

The activities of AST and ALT diminished in
the diabetic rats (figure 1E, F) when compared with
the healthy and diabetic-treated rats, particularly in
Gb-recipient groups in a dose-dependent manner (p
<0.05).

CRP, IL-1p, and IL-2 serum levels

Here, remarkably higher levels of IL-1p and CRP
inflammatory cytokines were found within the di-
abetic rats as compared to healthy animals, which
improved in a dose-dependent manner in all diabet-
ic-treated groups (figure 1G, H). On the other hand,
considerably lower levels of IL-2 were observed in the
diabetic animals when compared with the healthy
rats. The serum levels of IL-2 significantly increased
and improved in all diabetic-treated groups without
a dose-dependent manner between Gb-recipient and
Ti-recipient groups.

Histopathological findings

In the liver, healthy control rats presented a nor-
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Figure 1.

The effects of oral administration of Actinomycetales species on the serum levels of albumin (A), total protein (B), urea (C), creatinine
(D), AST (E), ALT (F), CRP/11-2/IL-1B/day 14 (G), and CRP/II-2/IL-1B/day 21 on STZ-induced diabetes. Data are presented as the
mean * SD. Differences were considered significant with p < 0.05. a: a significant difference with healthy control (HC); b: a significant
difference with diabetic control (DC); *: a significant difference between low-dose and high-dose treated groups.
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mal tissue structure consisting of evenly arranged
polyhedral hepatocytes radiating outward from the
central vein to the periphery. By contrast, there were
severe to moderate pathological changes in the con-
trol diabetic group, including cell swelling and vacu-
olar degeneration of hepatocytes, particularly around
the central veins, dilatation, and congestion of sinu-
soids, congestion in the central veins, focal single-cell
necrosis, and mild hepatitis. Surprisingly, the livers of
the animals in T1, T2, G1, and G2 groups exhibited
marked improvements in all of the histopathological
features (figure 2), particularly in the Ti high dose re-
cipient group in the 21st after treatment with mild he-
patocyte degeneration and vascular congestion.

In the kidney, a normal renal parenchymal struc-
ture (figure 3), together with well-defined glomeruli
and tubules, was observed in the healthy control rats.
In contrast, the diabetic animals with no treatment
presented severe to moderate pathological changes
comprising tubular epithelium degeneration, vacu-
olization and single-cell necrosis, vascular congestion,
focal hemorrhage, focal interstitial nephritis, and at-
rophy with the congestion of glomeruli. Interestingly,
all treated groups showed significant improvements in
the renal lesions, mainly at each of both doses of Gb,
which presented only mild vascular congestion and
tubular hyaline casts.

Liver, rat, STZ-induced diabetes. a: healthy control with a normal liver structure; b: diabetic control with severe cell swell-
ing and hemorrhage (arrows); c: high dose Ti-recipient group (T2) with mild cell swelling; d: low dose Ti- recipient group
(T1) with mild to moderate cell swelling; e: low dose Gb- recipient group (G1) with mild to moderate cell swelling and
hemorrhage (arrows); f: high dose Gb-recipient group (G2) with mild cell swelling and focal hemorrhage (arrow). H&E.

Khordadmehr et al., [JVST 2024; Vol.16, No.2
DOI:10.22067/ijvst.2024.82852.1264

Antidiabetic effects of Actinomycetales in TIDM



RESEARCH ARTICLE IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

44 ; 2 8 3
ﬁg’dﬁi«:“":‘ﬁ \

i 'ﬁf‘“&ﬂ ' a‘, h# o e ol
o ‘.« \l ] 3}? '\‘ ’\*,
X ‘ i W

P'ss'

Figure 3.
Kidney, rat, STZ-induced diabetes. a: healthy control with a normal renal parenchymal structure; b: diabetic control showed severe
to moderate tubular epithelium degeneration (d), vacuolization and cell necrosis (n), congestion (c) and hemorrhage (h) associated
with enhancement of urinary space (us); c: low dose Gb-recipient group (G1) with mild congestion; d: high dose Gb- recipient
group (G2) with mild congestion; e: low dose Ti- recipient group (T1) with mild to moderate congestion and cellular degeneration
(arrows); f: high-dose Ti-recipient group (T2) with mild to moderate congestion and cellular degeneration (arrows). H&E.

Discussion _ great potential in therapeutic applications [20]. In the

) o present study, the regeneration of the epithelium was

MSCs can differentiate into other cells anfl secrete pleted on day 3 in the hydrogel+MSCs group, and

or suppress the growth‘hormones or essentlgl Y- i the other groups, it was completed on day 10. In dif-
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ent, and most of them had significant differences with
the control group. It has been shown in a research that
AD-MSCs increase blood supply and the rate of gran-
ulation tissue formation in wounds, survive in the
wound for up to 14 days, and have lasting effects on
the wound [21].

Contrary to the above studies, one investiga-
tion showed that between the control and treatment
groups, there was no significant difference in terms of
the amount of collagen, epithelialization, angiogene-
sis, and number of fibroblasts and macrophages. They
showed that AD-MSCs had a significant effect in re-
ducing the size of the wound, but their effect on the
severity of skin lesions and pathological factors was
not confirmed. Compared to BMSCs (Bone MSCs),
they have a lower ability to differentiate into endo-
thelial cells [22]. Furthermore, Karimi et al.(2014)
reported that AD-MSCs had no significant improve-
ment in acute burn wound healing [23].

The present study showed that the hydrogel+M-
SCs group had the highest amount of granulation
tissue and angiogenesis on days 3 and 10, which de-
creased on day 21. Lotfi et al. (2019) stated that the
granulation tissue thickness in the keratinocyte/
MSCs/scaffold group rose in the first week, and de-
clined significantly in the second week compared to
other groups [24]. In the present study and the re-
search by Lotfi et al., polymers made from natural
materials such as hydrogels provided a suitable envi-
ronment and direct cell contact. In the current inves-
tigation, the hydrogel group had the highest amount
of granulation tissue on day 21 compared to the hy-
drogel+MSCs group, which could indicate the critical
role of stem cells that have paracrine signaling prop-
erties, which reduce inflammation, and promote an-
giogenesis and cell proliferation [24].

In this study, we used allogenic AD-MSCs. Ac-
cording to the literature, autologous MSCs have more
accelerated cicatrization than allogeneic MSCs. How-
ever, in burn injuries, allogeneic MSCs can be the
only available option [25]. Research showed that the
intradermal injection of allogenic AD-MSCs in burn
wounds caused a significant difference on the 14th
days with the control group [16].

In the detection of the SYR gene by PCR, the
band of this gene was observed only on day 3 in the
hydrogel+MSCs group. Hanson et al. (2016) injected
allogenic male AD-MSCs intradermally in the par-
tial-thickness of female minipigs. In female tissues,
male DNA content was evaluated by the PCR amplifi-
cation of a 377 bp segment from chromosome Y. They
observed Y chromosome bands with a decreasing
trend on days 0, 7, and 10 [26]. Based on this study,
it would have been better to include the cell tracking
investigations of day 7 in the present study to better

RESEARCH ARTICLE

understand this decreasing process . The difference
between the present study and the above study may
be attributed to the type of animal modeling, meth-
od, and amount of stem cell injection. The reason for
the decrease in the presence of MSCs in the wound
site is unknown. However, it can be because of MSCs
migration from the wound site, MSCs phagocytosis
by macrophages, or mechanisms involved in cell pro-
cessing and tissue regeneration [26].

Tragacanth gum hydrogel can be a suitable scaf-
fold for AD-MSCs. It accelerates the proliferation and
differentiation of cells and provides a suitable space
for the support and adhesion of cells. It is also capable
of expressing genes for up to 21 days and maintains
the original morphology of cells. In the present study,
the hydrogel and control groups had significantly dif-
ferent epithelialization on day 10. Although no sig-
nificant difference was observed in inflammation and
granulation tissue formation between the hydrogel
and other groups, on the 10th and 21st days, the rate
of granulation tissue formation in the hydrogel group
was higher than in other groups. One of the reasons
is the high concentration of hydrogel, and the reduc-
tion of inflammation in the stem cell group is may
result from the presence of MSCs. A study similar
to the current research showed that wound closure
occurs faster in the PCL-GT-stem cells group than
in the PCL-GT scaffolds group. Granulation tissue,
collagen synthesis, and angiogenesis were improved
in the PCL-GT-stem cells group. They stated that GT
accelerates the transition from the inflammatory and
germinal phases as well as the maturation of scar tis-
sue [27-29]. Researchers demonstrated that creams
made from Tragacanth gum at a concentration of
6% had the highest effect on rabbit wound healing
compared to the control group [27]. In another study,
with the daily application of Tragacanth gel, a signif-
icant difference was observed in terms of epithelial-
ization, inflammation, and granulation tissue on the
10th day compared to the control group. Similar to
the present study, they showed that Tragacanth gum
caused most of the wounds to close on the 10th day
by accelerating wound contraction [28].

A proper dressing should enhance epithelial re-
generation, control the amount of exudate, prevent
material leakage, reduce inflammation and infection,
and be comfortable for the patient. In this study, am-
niotic membranes, as an economically reasonable
alternative biomaterial were used to benefit from
the above characteristics and also prevent hydrogel
leakage. In some studies, the use of amniotic mem-
branes alone in wound healing was ineffective [30],
but in others, it had no significant difference with the
control group or other treatment groups [31]. Studies
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have shown that using the amniotic membrane alone
is effective for shallow wounds while a more effective
solution is required in wide and deep wounds, such as
full-thickness wounds and third-degree burns [32].

Studies showed that the application of MSCs with
cellular/acellular amniotic membrane multiplies the
rate of wound healing compared to utilizing amni-
otic membrane alone [33]. In this study, on the 3rd
days in the stem cell group, acellular human amniot-
ic membrane was observed as a serous layer covered
with squamous cells on the wound scab, which is a
sign of the effective role of MSCs.

In summary, in this study, the synergism effect
of MSCs, Tragacanth gum hydrogel, and human am-
niotic membrane as a dressing was investigated. His-
topathology results showed that the combination of
SCs and Tragacanth gum hydrogel was influential in
the immediate wound closure, and the human amni-
otic membrane played a supporting role.
Materials and Methods [N
Ethical approval

The experiment was authorized by the Research Ethics Com-
mittee, Tabriz University of Medical Sciences, Iran (ethical ap-
proval code: 5-4-1171).

Experimental design

Sixty healthy adult male Wistar rats weighing approximately
245-365g, were obtained and divided equally into six groups (Ta-
ble 1). In five groups, T1IDM was induced by an intraperitoneal
(i.p) injection of Streptozotocin (STZ) (Sigma Aldrich Co.-USA)
with a dosage of 55 mg/kg. Blood glucose levels were assessed
three days later, the time point when treatments were initiated
[9-11]. The treatments were managed according to Table 1 by
two different doses (low dose and high dose) of two of the heat-
killed Actinomycetales species, including G. bronchialis (Gb) and
T. inchonensis (Ti), and also normal saline (for the diabetic and
healthy control groups) [8-11], which was administered orally ap-
plying intragastric gavage technique for 14 consecutive days. The
animals were monitored daily for 21 days. Blood specimens were
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collected after anesthesia (by i.p administration of 50 and 8 mg/
kg BW of ketamine and xylazine, respectively) on the 7%, 14, and
21% days. Sera were discreet at 750 x g for 15 min for upcoming
biochemical and immunological assessments. Besides, five rats in
each group were euthanized, and tissue specimens from the liv-
er and kidney were collected for histopathological examination,
which was fixed in 10% buffered formalin.

Biochemical assays

Serum biochemical indicators assessment

All of the examined biochemical indicators, such as blood glu-
cose levels and serum insulin values, serum aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT), blood urea, and
creatinine, albumin, and total protein were evaluated on the 7%,
14" and 21 sampling days of sampling by commercially avail-
able kits following the manufacture's instructions (Pars Azmoon,
Tehran, Iran) and using a spectrophotometer (Photometer 5010,
Berlin, Germany). The activities of AST and ALT were evaluated
by a modified method of Reitman-Frankel at 340 nm [24]. The
measurement of blood urea and creatinine was performed based
on the methods of diacetyl monoxime (546 nm) and Jaffe (500
nm), respectively [24]. Besides, the evaluation of serum albumin
and total protein was performed according to the methods of bro-
mocresyl green (546 nm) and biuret (580 nm), respectively [24].

IL-1P, IL-2 and CRP evaluation

The levels of IL-1f, IL-2, and CRP were assessed in the pre-
served serum samples on the 14th and 21% sampling days using
Rat ELISA commercial kits (Koma Biotech, Korea) following the
manufacturer's instructions [25].

Histopathological examination

The formalin-fixed tissue samples underwent standard pro-
cessing, sectioned, and stained with common hematoxylin and
eosin (H&E), and then studied microscopically under a light mi-
croscope (CH-3, Olympus, Japan). The tissue sections were exam-
ined for pathological changes such as atrophy, necrosis, vascular
congestion, and hemorrhage [26].

Statistical analysis

The provided data were analyzed using SPSS software (SPSS,
version 16 for Windows, USA). More specifically, the ANOVA
and non-parametric tests were employed to statistically analyze
the serum parameters and pathological lesions across the different
groups, respectively, and a p < 0.05 was deemed significant.
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Figure S1.

The effects of oral administration of Actinomycetales species on the serum levels of glucose (A) and insulin (B) on STZ-induced
diabetes. Data are presented as the mean + SD. Differences were considered significant with p < 0.05. a: a significant difference with
healthy control (HC); b: a significant difference with diabetic control (DC); *: a significant difference between low-dose and high-
dose treated groups.
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Protective effects of pomegranate peel extract on the qill,
liver, and kidney in experimental cadmium poisoning in
common carp (Cyprinus carpio)

a a b
Hossein Jafarzadeh, Soodeh Alidadi, Davar Shahsavani

* Department of Pathobiology, Faculty of Veterinary Medicine, Ferdowsi University of Mashhad, Mashhad, Iran.

® Department of Food Hygiene and Aquaculture, Faculty of Veterinary Medicine, Ferdowsi University of Mashhad, Mashhad,
Iran.

This study aimed to investigate the protective effects of pomegranate peel (PoP) extract on the gill, liver, and kidney tis-

sues of common carp exposed to cadmium (Cd). For this purpose, 150 common carp weighing 65+ 0.85 g were random-
ly divided into five groups with three triplicates for each group (30 fish per group). The control group received a standard
diet without cadmium chloride (CdCl,), the Cd group was exposed to 0.5 mg/L CdCl, and the extract groups received
PoP extract with concentrations of 1%, 2%, and 4% (percentage of food weight) along with 0.5 mg/L CdCl, in the water.
After four weeks, tissue samples were collected from the gill, liver, and kidney and stained with hematoxylin and eosin
for histopathological examination. In the gills of the Cd group, lesions included congestion, hemorrhage, clubbing or
fusion of the secondary lamellae, and telangiectasia of the lamellae. The liver tissue of the Cd group exhibited severe
degeneration and necrosis of hepatocytes, while hemorrhage, congestion, cellular degeneration or necrosis, and hyaline
cast were visible in the kidney tissue of this group. The severity of the mentioned lesions was significantly reduced in
the PoP extract groups, particularly at concentrations of 2% and 4% (p < 0.05). Based on the results, it can be concluded

that PoP extract has significant protective effects on the gill, liver, and kidney tissues of common carp exposed to CdCl,
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Heavy metals are significant pollutants in the
aquaculture industry worldwide due to do-
mestic and industrial activities [1,2]. Cadmium (Cd),
along with other heavy metals like lead and mercury,
poses a public health hazard. The United States Agen-
cy for Toxic Substances and Disease Registry ranks
Cd as the seventh most dangerous agent [3]. Addi-
tionally, the International Organization for Cancer
Research classified Cd as a human carcinogen in 1993
[4]. Human exposure to Cd occurs through food and
inhalation, with cigarette smoke being a predominant
source, containing approximately 1.5 to 2 ug of Cd per
cigarette [5]. It has been shown that Cd can adversely
affect various systems, including the respiratory, re-
productive, nervous, immune, endocrine, cardiovas-
cular systems, and the liver, and it is a potent carcino-
genic agent [5-7].

In cases of fish poisoning with heavy metals, such
as Cd, some organs like the gill, liver, and kidneys are
known to be the main organs exposed to CdCl, in
water through respiration and ingestion [2]. These or-
gans are the primary. Numerous studies have demon-
strated that Cd can accumulate in various tissues of
fish, including muscles, which can have negative
implications for human health [7-11]. Cd has been
shown to disrupt iron metabolism, leading to anemia
and alteration of blood parameters [13,13]. In addi-
tion, it suppresses antioxidant mechanisms, leading to
lipid peroxidation and oxidative stress [14,15]. There
is, therefore, a critical need to minimize or prevent the
deleterious effects of Cd exposure.

The use of herbal medicines as sup-
plements or alternatives is growing world-
wide. Pomegranate (Punica granatum L.),
widely cultivated in the Middle East, par-
ticularly in Iran, has a long history of use
in Iranian herbal medicine [16]. During
agricultural production and processing,
wastes from pomegranates are generated.
These by-products, such as pomegranate
peel, offer economic potential as they are a
rich source of bioactive substances, includ-
ing phenolic acids and tannins [17]. One
study has shown that the peels of fruits
like pomegranates, oranges, apples, and
peaches contain higher phenolic content
compared to their edible fleshy parts [18].
Pomegranate peel (PoP) is particularly rich
in flavonoids and phenolic compounds
like tannins or tannic acids, making it a
valuable source of bioactive substances
[18-20]. Furthermore, it has been shown
that PoP extracts have potent wound heal-

Introduction

Figure 1.

Micrographs of the gills in common carp that were exposed to CdCI2 and
subsequently treated with pomegranate peel extract (n = 9 for each group).
In the Cd group (A), congestion, the severe fusion of secondary lamellae, and
lamellar telangiectasia or aneurysm can be (arrows). There is club formation
of secondary lamellae in the 1% PoP extract group (B). The 2% (C) and 4% (D)
PoP extract groups exhibited slight distal clubbing of the lamellae. Hematoxy-
lin and eosin (H & E) staining, scale bars = 100 pm for all.

ing, antioxidant, anti-inflammatory, antibacterial, an-
tiviral, antifungal, and anticancer properties, and they
can decrease blood lipid levels [19,21-23].

Therefore, this research aimed to investigate the
potential benefits of PoP extract as a natural remedy
for alleviating Cd-induced toxicity in the gill, liver,
and kidney tissues of common carp (Cyprinus carpio)
through histopathological examination.

Results [N

Histopathological findings
Gill

Histopathological examination revealed various
lesions in the Cd group, including congestion, telan-
giectasia of lamellae, hemorrhage, disruption of the
gill structure, and hypertrophy and hyperplasia of the
lamellar epithelium, leading to distal clubbing or fu-
sion of the secondary lamellae (Figure 1). Treatment
with different concentrations of PoP extract amelio-
rated the lesions caused by Cd administration (Figure
1).

Statistical analysis showed that the Cd group ex-
hibited severe lesions, while all concentrations of the
PoP extract reduced the severity of the lesions. This
improvement was significant for all the mentioned
lesions in the PoP extract groups (P < 0.05) (Figure
2). However, no significant difference was observed
among the three PoP extract groups (P > 0.05). Al-
though the PoP extract significantly improved the
Cd-induced lesions, the normal and healthy gills in
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the control group had lower scores com-
pared to the PoP extract groups (p < 0.05).
Liver

In the tissue sections from the liver of
the Cd group, severe degeneration and ne-
crosis of hepatocytes were observed. The
cytoplasm of the hepatocytes appeared
hypertrophied, almost transparent, and
clear, with only the cell membrane visible,
along with a vesicular nucleus typically lo-
cated centrally within the cell (Figure 3).
Cell nuclei were lost in some hepatocytes,
and they showed necrotic changes. In
some cases, which were limited to the Cd
group, infiltrations of inflammatory cells,
predominantly lymphocytes (lymphocyt-
ic hepatitis and pancreatitis), were found
(Figure 3).

In the groups that received CdCl,
along with different amounts of PoP ex-
tract, particularly 2% and 4%, significant
improvement in the lesions was observed
(p < 0.05). However, the liver tissues in
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Figure 2.

Statistical analysis of the scores of various histopathological lesions, including
congestion, fusion of the secondary lamellae, hemorrhage, and telangiectasis,
in the gill tissue related to different groups after four weeks of exposure. The
scores are reported as Mean + SEM and analyzed using Kruskal-Wallis and
Mann-Whitney tests. Different letters indicate a significant difference (p < 0.05)

Figure 3.
Histopathological examination of the liver of common carp following CdCI2 poisoning and subsequent treatment with PoP
extract (n = 9 for each group). In the Cd group (A), severe degeneration and necrosis of hepatocytes, as well as infiltration
of mononuclear inflammatory cells with the predominance of lymphocytes can be observed (arrows) (H & E staining, scale
bar = 250 pum). In the upper corner: infiltration of lymphocytes is shown at a higher magnification. In the 1% (B), 2% (C),
and 4% (D) PoP extract groups, there is an improvement in cell degeneration and necrosis of hepatocytes. No evidence of
inflammation is observed in the PoP extract groups. H & E staining, scale bars = 25 um for B, C, and D.
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these groups remained differ- a
ent from normal and healthy

b

35
tissues in the control group. b
The 1% PoP extract group 3
showed some recovery in the 25 [
lesions, but it was not statis- S
tically significant (p = 0.095).
Moreover, there was no sig- 15
nificant difference between 1
the treatment groups receiv- T s a
ing PoP extract (Figure 4). .
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Figure 4.

the kidney tissue, while the Stagtlilstical analysis of the scores related to cell degeneration and necrosis in the liver tissue
Cd group showed various of the different groups after four weeks of exposure. The scores are reported as Mean + SEM
and analyzed using Kruskal-Wallis and Mann-Whitney tests. Different letters are significantly
different (p < 0.05).

lesions such as congestion,
hemorrhage, degeneration of
the tubular epithelium char-
acterized by hydropic degen-
eration or cell swelling with
narrowed tubular lumen, and
cell necrosis (Figure 5). Eo-
sinophilic hyaline casts were
also observed in the tubular
lumens in this group. These
lesions were more severe in
the Cd group, but PoP ex-
tracts reduced the CdCI2-in-
duced lesions (Figure 5).
Compared to the Cd
group, the PoP extract groups,
especially 2% and 4%, showed
significant improvements in
the lesions, including hemor-
rhage, hyaline casts, and cell
degeneration and necrosis (p
< 0.05). However, there was Photomicrographs of the kidney tissues exposed to CdCl2 and treated with PoP extract (n =9
no significant difference in for each group). In the Cd group (A), there are severe hydropic degenerations in the epithelial
the scores among the three cells of the tubules, as well as narrowing of the lumen (arrows). In the 1% (B), 2% (C), and

4% (D) PoP extract groups, there is a recovery and reduction of hydropic degeneration in the
PO_P extract groups (p > 0.05) tubular epithelial cells. H & E staining, scale bars = 25 pm for all.
(Figure 6).

Figure 6.

Statistical analysis of the scores re-
lated to histopathological lesions, in-
cluding congestion, hemorrhage, de-
generation and necrosis, and hyaline
cast, in the kidney tissue of different
groups four weeks after the CdCI2
exposure. The scores are reported
as Mean + SEM and analyzed using
Kruskal-Wallis and Mann—Whitney congestion hemorrhage degeneration and necrosis hyaline cast
tests. Dissimilar letters are regarded Wishtel BCd. IR PoP extE
as significantly different (p < 0.05).
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Discussion

In the present study, CdCI2 caused various histo-
pathological lesions in the gill, liver, and kidney tis-
sues of common carp. Previous studies have also re-
ported similar tissue damage induced by Cd exposure.
For instance, Ahmed et al. [24] investigated the toxic
effects of Cd in climbing perch (Anabas testudineus)
and observed epithelial cell necrosis, separation of
the epithelial layer, and fusion of secondary lamellae
in the gill tissue. They also reported congestion, cell
degeneration, and necrosis in the liver, as well as vac-
uolation in the kidney [25]. They showed that heavy
metals like Cd can cause significant histopathological
changes in various tissues of fish. Likewise, Peykan-
heraty et al. [24] found hyperplasia, clubbing, and
fusion of the lamellae in the gill of Chondrostoma re-
gium exposed to CdCl2, along with congestion and
focal necrosis in the liver. They indicated that the gill
and liver tissues can be regarded as the main organs
exposed to the harmful effects of Cd.

Cd is known to cause cytotoxicity by binding to
thiol groups in mitochondria, leading to mitochon-
drial dysfunction, cellular degeneration, and necrosis
[5]. It also can increase lipid peroxidation, resulting
in structural impairment and vacuolization of the liv-
er and other tissues [2,5,24]. Cd may negatively affect
the antioxidant system and generate free radicals, in-
cluding reactive oxygen species (ROS) like superoxide
(02-), hydroxyl (OH-), hydrogen peroxide (H,O,),
and nitric oxide (NO) in the body [5,7].

The findings achieved from the present study are
fully aligned with previous studies, demonstrating
that Cd exposure can cause structural disruptions in
various tissues. These tissue injuries highlight the im-
portance of implementing effective methods to pre-
vent or mitigate the harmful effects of heavy metals
like Cd.

Disposing the agricultural wastes, such as PoP,
presents a significant challenge. However, there has
been growing interest in extracting valuable nutri-
ents, including phenols, from these agricultural waste
materials as safe and affordable sources of natural an-
tioxidants [26-28]. Several studies have reported that
pomegranates possess significant antioxidant activity
compared to other dietary plants or fruits [27,29,30].
PoP has received considerable attention due to its
high content of bioactive substances and antioxidant
capacity.

Numerous studies have investigated the effective-
ness of PoP extracts in mitigating the cytotoxicity of
heavy metals and toxic agents in various animal mod-
els [31-34]. For instance, Hamed and Abdel-Tawwab
[30] demonstrated that PoP powder inclusion in the
diet of Nile tilapia could alleviate the adverse effects

IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

induced by silver nanoparticles (AgNPs). In that study,
PoP significantly increased antioxidant activity and
reduced tissue damage in the liver and kidneys, which
are caused due to AgNPs exposure [31]. Likewise, an-
other study showed that PoP extract significantly re-
duced lipid peroxidation and improved tissue damage
and apoptosis in the liver of the Wistar rats exposed to
lead (Pb) [32].

Jafari et al. [34] found that PoP extract, particular-
ly at concentrations of 1% and 2% of diet weight (com-
pared to 4%), effectively reversed the decline in liver
antioxidant enzyme activity and the increase in lipid
peroxidation caused by the CdCl, exposure over a pe-
riod of 140 days in fish. They showed that Cd could
negatively affect fish activities and physiology, and
the PoP extract improved tissue functions. Our study
supports these findings, while greater improvements
were observed with the 2% and 4% PoP extracts in our
study. Jafari and coworkers claimed that the probable
bitterness of water due to the higher concentration
of 4% may reduce appetite, water consumption, and
physiologic activities, leading to reduce the extract in-
take by the fish and its positive effects [33]. Moreover,
the density of 20 fish per aquarium in that study was
higher than our study (N=10), and the period of the
study was longer (140 vs. 28 days), which could affect
the results of the studies.

The antioxidant activity of PoP is mainly attributed
to compounds such as vitamin C, flavonoids, querce-
tin, ellagic acid, gallic acid, tannins, ellagitannins, and
gallotannins [18,19,26,27,30]. These compounds can
increase antioxidant activities, reduce lipid peroxida-
tion, chelate Cd, and inhibit Cd deposition [5,35,36].

It has been reported that flavonoids and ellag-
ic acid in PoP can function as potent scavengers and
chelating agents for O, and OH free radicals produced
through the metabolism of heavy metals [5,35]. The
presence of hydrogen atoms in the structure of gallic
acid can delocalize ROS [36,37]. In addition, gallic
acid has been found to have anti-inflammatory poten-
tials, and it can reduce the Cd-induced inflammatory
markers, including myeloperoxidase, interleukin-6,
and NO in the rat brain [36]. Winiarska-Mieczan et
al. [38] demonstrated that tannic acid can reduce the
Cd accumulation in the rat lung and heart. Moreover,
PoP-activated carbon as an adsorbent has been suc-
cessfully applied to remove CdCl,, the most common
form of Cd and highly soluble in water, from aqueous
ecosystems [39].

Taken together, the positive effects of PoP extract
on the CdClz—induced lesions in the gill, liver, and kid-
ney tissues suggest its hepatoprotective and nephro-
protective potentials and antioxidant properties.

In conclusion, the PoP extracts mitigated the his-
topathological lesions induced by CdCI2 in the gill,
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liver, and kidney tissues of common carp. The extent
of improvement was particularly significant at higher
concentrations of the extract (2% and 4%), indicating
a dose-dependent effect. Although the PoP extract
significantly reduced the tissue damage caused by
CdClz, the tissues did not fully recover their normal
structure. The presence of active phytocompounds in
PoP extract and its protective role against toxic sub-
stances like CdCl, suggest its potential in the field of
aquatic toxicology and fish physiology.

Materials and Methods

Ethical statement

The present study was conducted according to the Animal Ex-
perimental Guidelines approved by the Institutional Animal Care
and Use Committee at Ferdowsi University of Mashhad.

The ethical approval for this study was issued with the ethical
code for grant number 3/58310 from the Committee on Research
Ethics of IR-UM.REC.1401.133, based on the Ethical Guidelines
of Research from Ferdowsi University of Mashhad. The study was
performed in the Aquaculture Laboratory, Faculty of Veterinary
Medicine, Ferdowsi University of Mashhad.

Preparation of pomegranate peel extract

To prepare the PoP extract, the PoPs were washed with
distilled water, dried in an oven at 40 °C for 10 days, and then
ground. In the next step, the PoP powder (10 g) was extracted
in a Soxhlet extraction apparatus using an equal mixture of four
solvents: water, ethyl acetate, acetone, and ethanol. The extraction
process was performed in three repetitions for 6 h each. The ob-
tained extracts were then centrifuged at 4500 rpm for 3 min to re-
move fine particles and filtered using the Whatman paper (grade
No. 41). Finally, the extract was concentrated in a vacuum oven at
40 °C, dried, and ground [40]. The PoP extract was ground, and
the powder was stored at -18 °C until further use.

Study procedures

A total of 150 healthy common carp weighing approximately
65 + 0.85 g with an average body length of 18 + 1.5 cm and in-
determinate sex were used in this study. The fish were randomly
distributed among 15 glass aquaria, with a density of 10 fish per
aquarium. After seven days of acclimatization period and feeding
with a standard commercial fish diet, the fish were divided into
five groups, with three replications for each group (30 fish in three
aquaria per group).

The five groups (in three replicates) included as follows:

1- Control group: Fish received a standard diet without
CdCI2, provided in four meals amounting to 2.5% of their body
weight.

2- Cadmium (Cd) group: Fish were fed with the standard diet
and exposed to a concentration of 0.5 mg/L of CdCl, (Merck, Ger-
many) [34,41].

3- 1% PoP extract group: Fish were fed the same diet as the
Cd group and received 0.35 g of the powdered PoP extract, which
accounted for 1% of food weight [34].

4- 2% PoP extract group: In addition to the diet provided to
the Cd group, fish received 0.7 g of PoP extract, representing 2%
of the food weight.

5- 4% PoP extract group: Fish received 1.4 g of PoP extract
(4% of food weight) along with the standard diet and 0.5 mg/L

of CdCl,.

After four weeks from the study, three fish from each aquar-
ium (n = 9 for each group) were randomly selected and caught
using an aquarium fish net. These fish (n = 45) were anesthetized
with clove powder (0.5 g/L) [16, 34]. On necropsy of the fish, the
gill, liver, and kidney tissues were removed, and the samples (with
a size of 2 x 2 cm) from these tissues were taken for histopatho-
logical examinations.

It should be noted that the rest of the fish were kept for educa-
tional purposes in the Department of Aquaculture.

Histopathological examination

The tissue samples from the gill, liver, and kidneys were im-
mediately placed and fixed in a 10% neutral buffered formalin
solution. The formalin solution was changed after 24 h with a
fresh formalin solution. The tissue samples were then dehydrated
with varying degrees of ethanol, cleared with xylene, embedded in
paraffin waxes, and cut into 5 pm-thickness sections in the labo-
ratory of the Pathobiology Department. Finally, the sections were
stained with hematoxylin and eosin dyes, and the prepared slides
were examined under a light microscope equipped with a digital
camera (Olympus, Japan) for any histological changes, including
congestion, hemorrhage, cellular degeneration or necrosis, and
other lesions. Ten fields of view at X400 magnification (high-pow-
er fields) were examined for the histopathological lesions, and
each lesion was scored for all groups based on Table 1 [42].

Statistical analysis

The Kruskal-Wallis and Mann-Whitney tests were used to
analyze and compare the histopathological scores (Mean + SEM)
between the groups using the statistical package SPSS version 19.0
for Windows. P values lower than 0.05 (p < 0.05) were considered
as significant.

Table 1.
The scoring system used for analysis of each histopathological
lesion in the gill, liver and kidney of the fish.

ISeCSciJ(r);nsg i Description

0 Normal structure, with no lesion

1 Lesions in <25% the studied microscopic fields

2 Lesions in 25-50% the studied microscopic fields
3 Lesions in 50-75% the studied microscopic fields
4 Lesions in >75% the studied microscopic fields
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The First Evaluation of Chlamydia abortus Infestation in the
Iranian Dromedary Camel Population
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Chlamydiosis is an important disease in sheep, camel, goats, cats, birds, and cattle, which is caused by different species

of the genus Chlamydia. Chlamydiosis of ruminants is a zoonosis and is especially worrying for pregnant women in
contact with animal shelters. Chlamydiosis in camels can cause abortion, cervical adhesion, ovarian hydrobursitis, and
reproductive failure in male camels. Chlamydia in camels can remain asymptomatic for a long time. Infected camels may
play an important role in the transmission of Chlamydia to other animal species. Chlamydiaceae family members are
currently placed in one genus and seven species. Among these seven species, Chlamydia abortus is of special importance
in camels. It is possible to detect and distinguish chlamydial species by PCR and specific primers. The present study is
the first study of Chlamydia abortus in the Iranian dromedary camel, which is very important. A total of 100 blood sam-
ples with anti-coagulant were taken from apparently healthy male and female camels in the south of Kerman province.
Next, DNA was extracted from each blood sample using a blood DNA extraction kit according to the manufacturer's
instructions. PCR was performed using rOMP90_3 specific primer to evaluate the presence of Chlamydia abortus. None
of the samples were positive for Chlamydia abortus. According to the results, it can be said that Chlamydia abortus is

probably not common in camels in the south of Kerman province of Iran.
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Introduction

hlamydiosis is an important disease with

global distribution in animals, especially ru-
minants, which is caused by different species of Chla-
mydia genus. Chlamydia can be considered gram-neg-
ative bacteria without metabolic energy production
mechanisms. Therefore, Chlamydia is an obligate in-
tracellular parasite that must live inside the cell, where
the host cell provides intermediate compounds rich in
energy [1]. These bacteria are also called "energy par-
asites". One of the important consequences of chla-
mydiosis is abortion [2]. Chlamydia abortion occurs
in the last 2-3 weeks of pregnancy. The fetus is born
dead and the placenta is inflamed. Chlamydiosis of
ruminants is a zoonosis, especially worrying for preg-
nant women in contact with animal shelters [3]. Stud-
ies in sheep and goats showed that infection is mainly
transmitted through contact with abortion products,
vaginal secretions, and aborted or dead fetuses. The
same may be true for camels as well [4]. Chlamydio-
sis in camels can cause abortion, cervical adhesions,
ovarian hydrobursitis, and reproductive failure in
male camels [5-8]. Chlamydia in camels can remain
asymptomatic for a long time [9], and infected cam-
els may play an important role in the transmission of
Chlamydia to other animal species [10]. The preva-
lence of camel chlamydiosis is higher in adult camels
than in young camels and female camels than in male
camels [5, 11-13]. Chlamydiaceae family members
are currently placed in one genus and seven species.
Among these seven species, Chlamydia abortus in
camels is of special importance [14]. Using PCR, it is
possible to detect and distinguish Chlamydial species
by specific primers [15]. The present study is the first
detection of Chlamydia abortus infection in the Ira-
nian camel population by PCR, which is very import-
ant.

Results [N

In this study, based on the results of electropho-
resis, all 100 blood samples tested were negative for
Chlamydia abortus (Figure 1).

Discussion

Chlamydiosis is an important disease in a wide
range of animals caused by different species of Chla-
mydia bacteria [2]. This disease in camels can cause
various symptoms, including abortion, cervical adhe-
sion, ovarian hydrobursitis, and reproductive failure
[5-8]. Moreover, Chlamydia in camels can remain as-
ymptomatic for a long time [9]. As a result, infected
camels can transmit this bacterium to other animals
[4]. The present study is the first evaluation of Chla-
mydia abortus in the dromedary camel population in
Kerman, Iran, which is very important. None of the
samples were positive for Chlamydia abortus. There-
fore, it can be said that Chlamydia abortus is probably
not common in camels in the south of Kerman prov-
ince of Iran.

Studies similar to the current research have been
conducted around the world. In a study conducted
in Tunisia, blood and serum samples of 470 healthy
dromedary camels from eight different provinces of
Tunisia were collected to detect Chlamydia abortus.
In the serological method (ELISA), 5.75% positive
samples were detected, while no positive samples
were observed in the molecular method (PCR) [16].
In another study, similar to the results of the present
study, blood samples were collected from 82 camel
herds (865 dromedary camels). Chlamydia abortus
was detected in camel blood by ELISA at a very low
percentage (2.5%) [17].

In a study, serum and milk samples were taken

Figure 1.

Amplification of Chla-
mydia abortus gene using
rOMP90_3 primers. Nega-
tive clinical samples (lanes
17-20), negative control
(lane 4), positive control
(lane 1), and molecular
weight marker (lanes 8 and
10).
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from 30 camels and 300 contact sheep belonging to six
different farms in the western region of Saudi Arabia.
In these farms, camels and sheep were kept together.
Three of these farms had sheep abortions. Two meth-
ods, ELISA and PCR, were used in this study, showing
that 18 camels and 142 sheep were positive with PCR,
while 11 camels and 109 sheep were positive with ELI-
SA. The findings showed that camels can be infected
with Chlamydia, but most of the infected camels look
healthy. Therefore, they can play an important role in
the transmission of this infection to the animals in
contact with them [18]. Among the reasons for the
difference between the latter study and the current re-
search, we can mention the type of sample, the way of
keeping livestock, and the diagnosis method. In the
mentioned article, the milk and serum samples were
examined by molecular and serological methods,
while in the present study, the study was performed
exclusively on the blood samples of camels and only
by molecular methods. In addition, the camels were
next to the sheep in the field. It should also be noted
that three of these sheep had abortions. In the pres-
ent study, camels in the deserts were investigated. In
another research, bursal tissue (n=5) and bursal fluid
(n=6) samples were collected from 11 female camels
with ovarian hydrobursitis. Real-time PCR was used
for the initial detection of Chlamydia abortus in in-
fected samples. The prepared samples were inoculat-
ed into embryonated chicken eggs. Subsequently, Gi-
emsa staining and direct immunofluorescence were
used to detect any chlamydial inclusions in infected
yolk sacs. Next, the second real-time PCR was per-
formed on infected yolk sacs. The Chlamydia abor-
tus gene was found in 83.8% and 63.6% of infected
bursa tissue and bursa fluid samples and infected yolk
sacs, respectively. Moreover, all the yolk sac smears
tested with direct immunofluorescence and Giemsa
staining showed intracytoplasmic inclusion bodies
[7]. The difference between the mentioned study and
the present research is that in the above study, cam-
els affected by ovarian hydrobursitis were evaluated,
while in the present study, apparently healthy camels
were assessed. Furthermore, in our study, the molec-
ular technique was conventional PCR, while in this
study,the molecular technique was real-time PCR. In
another research, to evaluate the causes of abortion in
Western camels, samples were taken from 34 camels
older than 5 years and 19 camels younger than 5 years.
Fifteen internal organs (liver, heart, lung, and spleen)
from aborted camels and twenty vaginal swabs from
aborted camels were collected for Chlamydia isola-
tion through inoculation in embryonated chicken
eggs. Chlamydia inclusion bodies were detected in
45% and 20% of vaginal swabs and internal organs, re-
spectively [5]. The difference between the above study
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and the current research results from several reasons.
They studied the internal organs and vaginal swabs
of aborted camels, while we used the blood samples
of healthy camels. Moreover, in the mentioned study,
Chlamydia isolation through inoculation in embryo-
nated chicken eggs was performed, while in the cur-
rent investigation, the molecular test was performed.
In another research, 1560 sheep and goat blood sam-
ples were collected from 130 flocks in five Kajiado
counties. The samples were tested by PCR, and Chla-
mydia abortus DNA was detected in 20.3% and 28.1%
of sheep and goats, respectively [19]. The difference
between our study and this study may result from dif-
ferent species studied.

Research on Chlamydia abortus in the camels of
different regions of the world has been conducted by
ELISA. In a study, 245 blood samples were collected
from Abu Dhabi female dromedary camels, aged 5-8
years, with a history of reproductive failure, including
repeat breeder and abortion. The samples were tested
by ELISA. The overall prevalence of chlamydiosis was
19.59%. The results showed that chlamydiosis was
common among camels in Abu Dhabi [20]. Another
study was conducted on 245 dromedary camels (205
females and 40 males) in different regions of west-
ern Libya. The animals varied in age from <1 to 20
years and were sampled randomly from both housed
and nomadic herds. Blood serum samples of camels
were tested by ELISA. The results showed that out of
245 camels tested, 30 camels were positive. The prev-
alence of chlamydiosis in females (14%) was twice
males (5%) [11]. In a study, blood samples were taken
from 60 dromedary camels (38 females and 22 males)
aged 5-12 years in Iraq. These samples were tested by
ELISA. All the male camel serum samples were neg-
ative for the presence of antibodies against Chlamyd-
ia abortus, while 18 of the 38 (47.36%) female camel
samples were positive [21]. In another study, serum
was collected from 378 female Mijaheem camels
in different age groups from different parts of Sau-
di Arabia. The samples were tested by ELISA. They
found the prevalence of chlamydiosis as 10.05% [13].
In a study, 141 infertile male dromedary camels (4-
20 years) were used. Antibodies against Chlamydia
abortus were detected by ELISA. The incidence rate
of Chlamydia abortus was 13.48%. It could be con-
cluded that Chlamydia abortus may play a role in
causing reproductive failure in male camels [8].

Conclusions

According to the results of the present study,
Chlamydia abortus is probably not common in cam-
els in the south of Kerman province. However, fur-
ther studies should be conducted to provide better
conclusions.
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Materials and Methods |G

Sample collection

One hundred blood samples with EDTA, as an anticoagulant,
were taken from the jugular vein of apparently healthy mature
(with an average age of four years and above) male and female
camels with an average weight of 370 and 300 kg, respectively, in
the south of Kerman province. It should be mentioned that camels
in the deserts and far from other animals were used.

DNA extraction

DNA extraction was completed using the commercial blood
DNA extraction kit according to the manufacturer's instructions
(Parstous, Iran). The quality and quantity of extracted DNA were
assessed using a Nanodrop spectrophotometer (Epoch, BioTek In-
struments Inc., USA).

Conventional PCR

Chlamydia abortus was confirmed using PCR with a specific
primer pair rOMP90_3 (Metabion, Germany) to identify the rele-
vant gene with a weight of 220 bp [22] (Table 1). The PCR reaction
mix was at a final volume of 20 pl, containing 2 pl template DNA,
0.5 pL of each of Chlamydia abortus specific F and R primers (0.25
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Table 1.
The sequence of rOMP90_3 primers for the specific detection of Chlamydia abortus
Product
Target Primer name Sequence(5-3) size
(bp)
rOMP90_3_F  5-TTTTCAGGATCCTATTGTCCTCCAGGCA -3'
rOMP90_3 220
rOMP90_3_R  5-GTGAATTCAGCATAAATAGCCCCG-3'

uM), 7 uL of distilled water, and 10 uL of commercial master mix
(Ampliqon, Denmark). Chlamydia abortus [23] and distilled wa-
ter were also used as positive and negative controls, respectively.
Subsequently, the samples were placed in a thermocycler (Biorad,
USA) to amplify the target gene with the temperature program
given in Table 2. PCR products were electrophoresed with a lad-
der (Ampligon, Denmark) in agarose gel at a concentration of 1%.
Following the electrophoresis, reading in the gel documentation
system (Vilberlomart, France), photographing with the quantum
capture software, and analyzing the results were performed.
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Helicobacter Detection in the Stomach of Apparently Normal
Donkeys: Sampling, Diagnostic Methods, and Implications for
Equine Glandular Gastric Disease and Serum Antioxidant Status
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The involvement of Helicobacter-like agents in EGGD is not clear. Much evidence supports the presence of Helicobacter in the horse’s

stomach, but it is not so clear about the donkey. The present study was conducted to evaluate the presence of Helicobacter in the
stomach of donkeys and assess the best method for its identification and its possible participation in EGGD and serum antioxidant
status. Gastric juice sampling and biopsy from NMP and PA were performed by gastroscopic method from 12 donkeys. Histopa-
thology and RUT were used to identify Helicobacter. TAC, THIOL, NO, and DPPH were measured to assess the antioxidant status of
serum. Helicobacter was detected only by the RUT method in one donkey (8.33%), but it is unlikely that this infection was effective
in causing EGGD. The RUT results for the three samples of gastric juice, NMP, and PA were not different. Histopathology of NMP
and PA did not show Helicobacter infection. Helicobacter is present in the stomach of a donkey but does not change the antioxidant
status of serum. The RUT is more efficient than H&E histopathology for the assessment of H. pylori in the equine stomach, and the
RUT of gastric juice is preferable to tissue samples because it is easy, fast, and non-invasive. In conclusion, further studies using

more accurate methods are recommended to evaluate the effect of Helicobacter in the gastric diseases of donkeys and other equine.
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Introduction NN
T‘he EGGD is one of the most important gas-
trointestinal diseases in horses [1]. Gastric
microbiota changes in EGGD, but the cause is not
completely clear [2, 3]. However, there is no conclu-
sive evidence that bacteria are always involved in the
development of EGGD [4], and there is a possibility
that microbiota changes are secondary and related to
opportunistic bacteria. Opportunistic bacterial colo-
nization has been observed in chronic EGGD [4, 5].
Bacteria, such as Escherichia fergusoni, Enterococcus
faecium, Streptococcus bovis, and Sarcina can be as-
sociated with EGGD lesions [2, 6]. H. pylori is a sus-
pected etiology in the pathogenesis of gastric ulcers in
humans, dogs, and cats [7, 8]. However, the involve-
ment of Helicobacter in EGGD is uncertain [9].

Helicobacter spp. belongs to the Campylobacter
genus and is often believed not to be effective in the
etiopathology of EGGD [4]. However, Helicobacter
has been identified by different methods in the equine
stomach [10-13] and feces [14]. Some studies did not
find any evidence of the involvement of Helicobacter
species in the pathogenesis of EGGD [2, 6, 15]. Al-
though Helicobacter was found in the stomach of
horses, it had no significant relationship with EGGD
[3]. In some reports, the presence of Helicobacter has
been associated with EGGD [16-18].

The RUT method has been used in some studies
to identify Helicobacter in horses [10, 18]. Evalua-
tion with RUT is based on the presence of bacterial
urease enzyme and urea absorption from the culture
medium. The sensitivity of RUT in horses was 40%
compared to PCR [10] and 100% compared to histo-
pathology [18]. Histopathological and immunohisto-
chemical evaluation of the glandular and non-glandu-
lar gastric samples of horses showed 81% Helicobacter
infection [12].

Hyperlipidemia, kidney disease, and grain over-
load increase the risk of EGUS in donkeys and can
cause colic [19], but the importance of bacteria in the
pathogenesis of EGUS in donkeys is unknown. How-
ever, some researchers consider Helicobacter to be a
possible cause of EGUSs in donkeys [20, 21]. More-
over, people infected with Helicobacter have lower an-
tioxidant levels than healthy people [22]. The present
study gives a perspective on the presence of Helico-
bacter in the stomach of donkeys using RUT for the

THIOL: Total thiol

NO: Nitric oxide

DPPH: Diphenyl-1-picrylhydrazyl
EGUS: Equine gastric ulcer disease
H. pylori: Helicobacter pylori
HPE: Histopathological evaluation

mucosal samples of gastric gland and gastric juice, as
well as the HPE of biopsied tissue samples. It also ex-
plores the presence of EGGD and serum antioxidant
levels in donkeys to evaluate the possibility of their
relationship with the presence of Helicobacter in the
stomachs of donkeys.

Results [N

Vital signs of animals, including body tempera-
ture, respiration rate, and heart rate were normal in
clinical examination. The subjects had no clinical
signs of diseases, such as alimentary disorders and
colic. The results of the gastroscopy showed that the
EGGD grade was zero in all donkeys and only one of
the animals had a grade 1 EGGD.

Evaluation of RUT for gastric juice and glandular
gastric tissue samples showed infection with urease =
positive Helicobacter-like infections in only one of 12
animals (Figure 1). Both gastric juice RUT and glan-
dular gastric (NMP and PA) mucosa RUT were posi-
tive in the same animal. In the gastroscopic evaluation
of the animal with a positive RUT, there was no sign of
even the mildest degree of EGGD.

Histopathological examination of NMP and PA
gastric specimens did not confirm Helicobacter-like
infection in any of the donkeys. No pathological
changes were found in the histopathological samples
of NMP and PA. There was no obvious difference be-
tween the antioxidant status of the animal that had
positive RUT and the mean of other animals that had
negative RUT (Table 1). The values obtained for the
animal with a positive RUT were within the range of
the changes of the values obtained for other animals
with a negative RUT. Therefore, it may be concluded
that the presence of bacteria and a positive test did not
cause obvious differences between the two groups of
animals (Table 1).

Positive (A) and negative (B) RUT samples.
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Table 1.

Comparison of serum antioxidant status in donkey with positive RUT and

donkeys with negative RUT
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culture, and only in two cases H. pylori and
H. ganmani were isolated by next-genera-
tion sequencing techniques [15].

Antioxidant RUT Negative RUT Positive  CI

Studies have been conducted on the

fest iican) digestive microbiota of donkeys, but there
TAC (nmol/mg) ~ 26.45 22.35 (1.21-6.98) were no clear signs of Helicobacter presence
DPPH (nmol/ 16.89 1867 (46.56-3.01) in the.dlgestwe sys.tem.‘Invesngatlon of the
mg) digestive tract microbiota of slaughtered
NO (nmol/mg)  28.80 26.37 (8.05-4.05) donkeys showed that diversity in the stom-
THIOL (nmol/ ach pyloru§ is less than in the cecum and
me) 17.50 16.74 (-1.98-3.51) large intestines [27]. Growing evidence has

total antioxidant capacity (TAC), total thiol (THIOL), nitric oxide (NO), diphe-

nyl-1-picrylhydrazyl (DPPH)

Discussion

We evaluated the presence of Helicobacter-like
bacteria in the donkey stomach by RUT and histopa-
thology. The findings of the present study confirm the
presence of Helicobacter in the donkey's stomach, but
similar to the horse [4], the presence of Helicobacter is
not related to the development of EGGD in the don-
key.

Some studies emphasize the presence of Helico-
bacter in the equine stomach. In the genetic analysis
conducted on the gastric mucosa of slaughtered Co-
lombian horses, it was found that 23.3% of the sam-
ples were positive for Helicobacter species. A gene
similar to H. heilmannii was identified. There was no
significant relationship between the presence of Heli-
cobacter and gastric ulcer [23]. Some species of He-
licobacter, such as H. equorum, were able to multiply
in the hindgut of horses in the experiments, but they
did not cause any microscopic or clinical pathologi-
cal complications [11]. The PCR evaluation of gastric
mucosa biopsies of horses (93% with gastric lesions)
showed that only 14% were positive for H. pylori and
all the samples were negative for H. equorum. H.
equorum was found in the fecal samples of only 8%
of horses [24].

In some studies, no signs of Helicobacter-like
agents have been found in the equine gastric. Fluo-
rescence in situ hybridization and RUT were per-
formed on healthy and unhealthy gastric mucosa of
slaughtered Danish horses. There was no evidence of
Helicobacter in the stomachs of healthy and unhealthy
horses [6]. In a study on the cytology brush samples
of horse glandular mucosa, the microbiota was ana-
lyzed by DNA sequencing method and no evidence of
Helicobacter presence was found [2]. Moreover, He-
licobacter was not reported in the microbiota of sta-
ble horses' feces [25]. Helicobacter was not found in
the gastric mucosa of healthy American horses [26].
Helicobacter was not found in the gastric biopsies of
Korean racing horses with gastric ulcer by PCR and

shown that the diversity of the fecal micro-
biota of donkeys depends on age [28] and
gender-dependent [29], and the microbial
community composition in wild asses is
more complex than in domestic donkeys [30].

In the present study, RUT of all the specimens
of gastric juice and glandular gastric mucosa of
NMP and PA revealed Helicobacter infection in the
infected stomach. According to the results obtained
in the present study, it is possible to use gastric mu-
cosal RUT and gastric juice RUT to evaluate Heli-
cobacter-like infections. However, the use of gastric
juice is the preferred method because it is less invasive
and can be completed with simpler equipment and
less skill. As the results of the present study showed in
equine, RUT is more sensitive than HPE for detecting
H. pylori in humans [31]. A comparison of RUT and
HPE in humans with gastritis showed that both tests
have the same accuracy in detecting H. pylori infec-
tion. Since RUT is a cheap and fast technique, it can
be a good alternative to HPE [32]. In humans, a new
method for RUT has been used in which the mucosa
is swept using a sweeping motion with an absorbent
swab held with forceps. Compared to the convention-
al method of tissue sample collection, the sweeping
RUT method had higher sensitivity and accuracy
along with faster detection time for H. pylori diagno-
sis [33]. The findings of the current research showed
no difference between the RUT of gastric juice, NMP,
and PA gastric tissue samples.

In the previous study, the sensitivity of RUT in
horses was 40% compared to detection by PCR as the
gold standard [10]. Some Helicobacter isolates from
horses were urease-negative [14] and had no patho-
logical effect [11]. The use of RUT will not be suitable
for detecting urease-negative Helicobacter. Therefore,
RUT will not detect urease-negative H. pylori.

In the present study, H&E staining could not
show Helicobacter infection in RUT-positive sam-
ples. Warthin-Starry special stain, Giemsa, and Blue
Toluidine staining methods identify Helicobacter as
well as RUT in horses [18]. Therefore, special stain-
ing techniques can be used to detect Helicobacter in
equine. However, in one study, no Helicobacter con-

Helicobacter in donkey stomach
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tamination was found in the histopathology of the
postmortem horses' stomachs despite using special
stains, including Gram, PAS, and Warthin Starry [34].

Histopathological and immunohistochemical
evaluation of samples collected from the mucosa
and submucosa of slaughter horses was performed in
Araguari, Brazil. In this evaluation, 81% of the hors-
es had Helicobacter species in both the glandular and
non-glandular regions, and the highest contamina-
tion was observed in the margo plicatus region [12].
The results of the present study showed no difference
between the histopathological results of NMP and PA.

The results of the present research showed that
serum antioxidant levels in Helicobacter-positive
donkeys do not differ from Helicobacter-negative
donkeys. On the other hand, the serum antioxidant
level in humans with H. pylori infection is different
from healthy people and H. pylori-positive patients
have lower total thiol, native thiol, and disulphide lev-
els than negative cases [22].

Previously, it was believed that antibiotics should
be used to treat EGUS because Helicobacter was con-
sidered to be involved in the development of this syn-
drome [35]. In some studies, the microbiota of horses
with EGGD was not different from the microbiota of
healthy horses. For example, Lactobacillus salivarius
and Sarcina ventriculi have been found in the healthy
and lesioned gastric mucosa of horses [6]. However,
in one study, Sarcina was more in the mucosa in-
volved with EGGD showing that it may play a role in
its pathogenesis. Proteobacteria were more abundant
in healthy mucosa than in EGGD [2].

The limitations of the present study were the small
number of animals and the lack of more accurate He-
licobacter diagnosis methods, such as PCR or specific
staining for histopathology samples. In addition to
the valuable findings of the present study on minia-
ture donkeys, perhaps these results can be extended
to horses as well. This study was not repeated in hors-
es due to financial limitations for buying horses.

It was concluded that donkeys, similar to horses,
may be positive for Helicobacter-like, but it is unlikely
that this infection will be effective in the development
of EGGD. Glandular gastric infection with Helico-
bacter-like did not change the antioxidant status of the
serum. The results obtained from the RUT methods
for all three gastric juice, NMP, and PA tissue samples
were not different from each other. Histopathology
with the H&E staining of glandular gastric tissue of
NMP and PA could not show Helicobacter-like infec-
tion and the sampling sites did not make any differ-
ence to each other in this respect.

Materials and Methods
Animals

Miniature donkeys (n=12), including six females and six un-
castrated males, were randomly obtained from West Azerbaijan
province, Iran. The animals aged 3-7 years, weighed 150-200 kg,
and had a body condition score of 3-4 out of 9 [36]. These an-
imals received oral ivermectin (0.2 mg/kg, IVERGEN®, Laluk,
Tehran, Iran) six weeks before the start of the study. The animals
were housed in stables, were fed daily with alfalfa hay, and had
constant access to water. Physical examination of the animals was
performed and their clinical health was confirmed.

Experimental Design

In the present study, donkeys were subjected to gastroscopy
and gastric juice samples were taken for RUT, and tissue samples
of gastric glandular mucosa were taken for histological evalua-
tions with H&E staining and RUT. Tissue samples were evaluated
for the presence of Helicobacter spp. infection under a light micro-
scope. The commercial RUT kit (Bahar Afshan, Tehran) was used
to evaluate the presence of urease-positive bacteria.

Blood samples were collected from donkeys and a complete
blood cell count was performed immediately after sampling. Se-
rum was obtained after clotting and centrifugation at 5000 rpm
for 10 min. The sera were kept at -20°C until measurements. To
evaluate the oxidant-antioxidant status of serum, TAC, THIOL,
NO, and DPPH were evaluated [37]. The researchers and techni-
cians involved in the trial, including those who performed sam-
pling and laboratory and histological analyses, were blinded to the
previously obtained results.

Endoscopy

Food (12 hours) and water (4 hours) withholding were ap-
plied before gastroscopy [38]. Sedation was performed using in-
travenous acepromazine at a dose of 0.05 mg/kg and xylazine at
a dose of 0.5 mg/kg (NEUROTRANQ?®, Alfasan, Woerden, Hol-
land) [39]. Before the gastroscopic examination, gastric fluid was
sucked using an endoscope catheter tube (7 fr, 3.5 m, STORZ,
Tuttlingen, Germany) for RUT (Figure 2). Gastroscopy (STORZ®,
RP100, Tuttlingen, Germany) was performed by blowing air and
washing food residues on the gastric mucosa. The entire stomach
and the upper duodenum were examined, except for the part that
was covered with a little water and food at the bottom of the stom-
ach [40]. EGGD was evaluated with a grade of 0-4 by two expert
investigators [41]. Glandular gastric mucosal biopsy of NMP and
PA was performed using grasping forceps (3.5 m, STORZ, Tuttlin-
gen, Germany). Prior to the biopsy, the sampling site was flushed
with distilled water. Histopathological specimens were fixed in
10% formalin immediately after sampling.

Figure 2.

Sampling of glandular gastric mucosa from near margo plicatus
(NMP) and pyloric antrum (PA) for histopathology and RUT.
Gastric juice (GJ) sampling for RUT.
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Statistical analysis

Statistical analysis could not be performed due to the presence
of only one animal with a positive rapid urease test, and only the
descriptive statistics and range of parameters of other animals with
a negative test were presented. The parameter values were calculat-
ed by the Excel software.

Authors' Contributions N

MA contributed to concept design. MA and GJ
collected all data. GJ performed the statistical anal-
ysis. MK performed the histopathological examina-
tions. MA preparation of the manuscript. All authors
contributed to manuscript revision and read and ap-
proved the submitted version

Acknowledgements |G

We would like to thank Mr. Mohammad Nezhad
for his technical assistant. This study was funded by
the Research Council of the Ferdowsi University of
Mashhad, Iran (No. 3/58310).

Competing Interests [

The authors declare that there is no conflict of in-
terest.

References NN

1. Sykes BWW, Hewetson M, Hepburn R]JJ, Luthersson N, Tamzali
Y. European College of Equine Internal Medicine Consensus
Statement-Equine Gastric Ulcer Syndrome in Adult Horses.
J Vet Intern Med. 2015;29:1288-99. Doi:10.1111/jvim.13578.

2. Voss SJ, McGuinness DH, Weir W, Sutton DGM. A study com-
paring the healthy and diseased equine glandular gastric mi-
crobiota sampled with sheathed transendoscopic cytology
brushes. ] Equine Vet Sci. 2022;116:104002. Doi:10.1016/].
JEVS.2022.104002.

3. Paul L], Ericsson AC, Andrews FM, Keowen ML, Morales Yni-
guez F, Garza F, Banse HE. Gastric microbiome in horses with
and without equine glandular gastric disease. ] Vet Intern
Med. 2021;35:2458-64. D0i:10.1111/JVIM.16241.

4. Rendle D, Bowen M, Brazil T, Conwell R, Hallowell G, Hepburn
R, Hewetson M, Sykes B. Recommendations for the manage-
ment of equine glandular gastric disease. UK-Vet Equine.
2018;2:2-11. D0i:10.12968/ukve.2018.2.51.3.

5. Hewetson M. Managing glandular gastric disease in horses. In
Pract. 2021;43:217-28. D0i:10.1002/INPR.40.

6. Husted L, Jensen TK, Olsen SN, Mglbak L. Examination of
equine glandular stomach lesions for bacteria, including He-
licobacter spp by fluorescence in situ hybridisation. BMC
Microbiol. 2010;10:1-8. Doi:10.1186/1471-2180-10-84/FIG-
URES/6.

IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

7. Graham DY. History of Helicobacter pylori, duodenal ul-
cer, gastric ulcer and gastric cancer. World J Gastroenterol.
2014;20:5191. D0i:10.3748/WJ]G.V20.118.5191.

8. Simpson K, Neiger R, DeNovo R, Sherding R. The rela-
tionship of Helicobacter spp. infection to gastric dis-
ease in dogs and cats. J Vet Intern Med. 2000;14:223-7.
Doi:10.1111/j.1939-1676.2000.tb02243.x.

9. Sykes B, Jokisalo JM. Rethinking equine gastric ulcer syndrome:
Part 3 — Equine glandular gastric ulcer syndrome (EGGUS).
Equine Vet Educ. 2015;27:372-5. D0i:10.1111/EVE.12287.

10. Hepburn RJ, Mrcvs B, Furr Dvm MO. Investigation into the
Presence of Helicobacter in the Equine Stomach by Urease
Testing and Polymerase Chain Reaction and Further Inves-
tigation into the Application of the 13C-Urea Blood Test to
the Horse. 2004.

11. Moyaert H, Decostere A, Pasmans E Baele M, Ceelen L, Smits
K, Ducatelle R, Haesebrouck E Acute in vivo interactions
of Helicobacter equorum with its equine host. Equine Vet J.
2007;39:370-2. D0i:10.2746/042516407X206391.

12. Fonseca CB, Braga L, Silva Costa Ferreira C, Emerin Pinna A,
Silva Leite J, Ferreira AM. Immunohistochemical Identifica-
tion of Helicobacter Spp and Evaluation of the Degree of In-
flammation in the Region of the Margo Plicatus of the Equine
Stomach. SSRN Electron J. 2022. D0i:10.2139/ssrn.3983892.

13. Rezazadeh F Pourebrahimi N, Ghotaslou R, Nasab MG,
Memar MY. Frequency of endoscopic findings of equine
squamous gastric disease (ESGD) in rural horses and its as-
sociation with Helicobacter pylori virulence genes. Vet Med
(Praha). 2022;67:61-9. D0i:10.17221/154/2020-VETMED.

14. Moyaert H, Decostere A, Vandamme P, Debruyne L, Mast
], Baele M, Ceelen L, Ducatelle R, Haesebrouck F. Helico-
bacter equorum sp. nov., a urease-negative Helicobacter
species isolated from horse faeces. Int J Syst Evol Microbi-
ol. 2007;57:213-8. Doi:10.1099/1JS.0.64279-0/CITE/REF-
WORKS.

15. Dong HJ, Ho H, Hwang H, Kim Y, Han ], Lee I, Cho S. Diver-
sity of the Gastric Microbiota in Thoroughbred Racehorses
Having Gastric Ulcer. ] Microbiol Biotechnol. 2016;26:763-
74.Do0i:10.4014/JMB.1507.07054.

16. Contreras M, Morales A, Garcia-Amado MA, De Vera M, Ber-
mudez V, Gueneau P. Detection of Helicobacter-like DNA in
the gastric mucosa of Thoroughbred horses. Lett Appl Micro-
bi0l.2007;45:553-7. D0i:10.1111/j.1472-765X.2007.02227 .x.

17. Fox JG. The non-H pylori helicobacters: Their expanding role
in gastrointestinal and systemic diseases. Gut. 2002;50:273—
83. D0i:10.1136/gut.50.2.273.

18. Abelardo MB, Garcia E, Bermudez V. Detection of helico-
bacter-like organisms in Thoroughbred horses from Venezu-
ela. Brazilian J Vet Pathol. 2010;3:52-5.

Helicobacter in donkey stomach

Ahmadnejadi et al.,, IJVST 2024; Vol.16, No.2
DOI:10.22067/ijvst.2024.87403.1366




IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

RESEARCH ARTICLE

Sprayberry KA, Robinson NE. Robinson’s Current Therapy
in Equine Medicine: Seventh Edition. 2014. Doi:10.1016/
C2011-0-05761-7.

Morales A, Lamprea Garrido A, Méndez Sanchez A. Gas-
tric Ulcers Syndrome in Donkeys. Rev Med Vet (Bogota).
2015:31-5.

Rezazadeh F, Gharehaghajlou Y. Endoscopic Finding of
Gastric Ulcer in Rural Horse and Relation with Gaster-
ophilus spp. Iran ] Vet Med. 2020;14:45-52. D0i:10.22059/
ijvm.2019.277457.1004975.

Baykan AR, Biger C, Gergeker E, Erel O, Cerrah S, Albayrak
B, Utlu M, Kargili A. Thiol/disulphide homeostasis in Helico-
bacter pylori infected patients. Eur Res J. 2019. Doi:10.18621/
eurj.443557.

Zuluaga-Cabrera AM, Jaramillo-Morales C, Martinez-Aran-
zales JR, Zuluaga Cabrera AM, Jaramillo Morales C, Martinez
Aranzales JR. Presence of Helicobacter spp. in dental tartar
and gastric mucosa, and its relationship with EGUS in hors-
es from a public slaughterhouse. Rev Colomb Ciencias Pecu.
2022;35:109-17. D0i:10.17533/udea.rccp.v35n1a06.

Bezdekova B, Futas ]. Helicobacter species and gastric ul-
ceration in horses: a clinical study. Vet Med (Praha).
2009;54:577-82.

Fernandes KA, Rogers CW, Gee EK, Kittelmann S, Bolwell
CE Bermingham EN, Biggs PJ, Thomas DG. Resilience of
Faecal Microbiota in Stabled Thoroughbred Horses Follow-
ing Abrupt Dietary Transition between Freshly Cut Pasture
and Three Forage-Based Diets. Anim an Open Access J. from
MDPI 2021;11. D0i:10.3390/ANI11092611.

Perkins GA, den Bakker HC, Burton AJ, Erb HN, McDonough
SP, McDonough PL, Parker ], Rosenthal RL, Wiedmann M,
Dowd SE, Simpson KW. Equine stomachs harbor an abun-
dant and diverse mucosal microbiota. Appl Environ Microbi-
ol. 2012;78:2522-32. Do0i:10.1128/ AEM.06252-11.

Liu G, Bou G, Su S, Xing J, Qu H, Zhang X, Wang X, Zhao Y,
Dugarjaviin M. Microbial diversity within the digestive tract
contents of Dezhou donkeys. PLoS One. 2019;14:e0226186.
Doi:10.1371/journal.pone.0226186.

Xing J, Liu G, Zhang X, Bai D, Yu J, Li L, Wang X, Su S, Zhao
Y, Bou G, Dugarjaviin M. The Composition and Predictive
Function of the Fecal Microbiota Differ Between Young and
Adult Donkeys. Front Microbiol. 2020;11:3016. D0i:10.3389/
FMICB.2020.596394/BIBTEX.

Liu X, Fan H, Ding X, Hong Z, Nei Y, Liu Z, Li G, Guo H.
Analysis of the gut microbiota by high-throughput sequenc-
ing of the v5-v6 regions of the 16s rRNA gene in donkey. Curr
Microbiol. 2014;68:657-62. D0i:10.1007/s00284-014-0528-5.

Liu H, Zhao X, Han X, Xu S, Zhao L, Hu L, Xu T, Zhao N,
Zhang X, Chen D, He E Chen X. Comparative study of gut
microbiota in Tibetan wild asses (Equus kiang) and domestic
donkeys (Equus asinus) on the Qinghai-Tibet plateau. Peer].

31.

32.

33.

34.

35

36.

37.

38.

39.

40

41

2020;2020:€9032. D0i:10.7717/PEER].9032/SUPP-18.

Dechant FX, Dechant R, Kandulski A, Selgrad M, Weber E
Reischl U, Wilczek W, Mueller M, Weigand K. Accuracy of
Different Rapid Urease Tests in Comparison with Histopa-
thology in Patients with Endoscopic Signs of Gastritis. Diges-
tion. 2020;101:184-90. D0i:10.1159/000497810.

Karthikeyan R, Sundaravadanan BS. Rapid Urease Test vs His-
topathological Examination: A Prospective Study to Compare
the Accuracy of Both Tests in the Diagnosis of Helicobacter
pylori. ] Pharm Res Int. 2021:320-5. Doi:10.9734/jpri/2021/
v33i49b33369.

Noh CK, Lee GH, Park JW, Roh J, Han JH, Lee E, Park B, Lim
SG, Shin §J, Cheong JY, Kim JH, Lee KM. Diagnostic accu-
racy of “sweeping” method compared to conventional sam-
pling in rapid urease test for Helicobacter pylori detection in
atrophic mucosa. Sci Rep. 2020;10:1-10. D0i:10.1038/541598-
020-75528-1.

Martineau H, Thompson H, Taylor D. Pathology of gastritis
and gastric ulceration in the horse. Part 1: Range of lesions
present in 21 mature individuals. Equine Vet J. 2009;41:638-
44. Doi:10.2746/042516409X464816.

. Andrews E Bernard W, Byars N, Cohen T, Divers C, MacAl-
lister A, McGladdery A, Merritt M, Murray, Orsini ], Snyder
J, Vatistas N. Recommendations for the diagnosis and treat-
ment of equine gastric ulcer syndrome (EGUS): The Equine
Gastric Ulcer Council. Equine Vet Educ. 1999;11:262-72.
Doi:10.111 1/j.2042-3292.1999.tb00961.x.

Pearson RA, Ouassat M. A guide to live weight estimation and
body condition scoring of donkeys. University of Edinburgh,
Centre for Tropical Veterinary Medicine; 2000.

Cecchini S, Fazio F. Assessment of total antioxidant capacity
in serum of heathy and stressed hens. Animals. 2020;10:1-8.
Do0i:10.3390/ani10112019.

Lopez-Sanroman E Endoscopy of the upper airways and
the proximal digestive tract in the donkey (Equus asi-
nus). ] Equine Vet Sci. 2001;21:17-20. Doi:10.1016/S0737-
0806(01)70233-X.

Lucas Castillo JA, Gozalo-Marcilla M, Werneck Fonseca M,
Possebon FS, da Rosa AC, de Araujo Aguiar AJ. Sedative and
cardiorespiratory effects of low doses of xylazine with and
without acepromazine in Nordestino donkeys. Equine Vet J.
2018;50:831-5. Doi:10.1111/evj.12835.

. Ahmadnejad M, jalilzadeh-amin G, Sykes BW. Prophylactic ef-
fects of Glycyrrhiza glabra root extract on phenylbutazone-in-
duced Equine Glandular Gastric Disease (EGGD). ] Equine
Vet Sci. 2022:104088. Doi:10.1016/].JEVS.2022.104088.

. Sykes BW, Jokisalo JM. Rethinking equine gastric ulcer syn-
drome: Part 1 - Terminology, clinical signs and diagnosis.
Equine Vet Educ 2014;26:543-7. Doi:10.1111/EVE.12236.

Ahmadnejad et al,, IJVST 2024; Vol.16, No.2
DOI: 10.22067/ijvst.2024.87403.1366

Helicobacter in donkey stomach



RESEARCH ARTICLE

COPYRIGHTS

©2024 The author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution,
and reproduction in any medium, as long as the original authors and source are cited. No
permission is required from the authors or the publishers.

How to cite this article
Ahmadnejad M, Jalilzadeh-Amin Gh, Khordadmehr M. Helicobacter Detection in the Stomach of Apparently Normal Donkeys: Sam-

pling, Diagnostic Methods, and Implications for Equine Glandular Gastric Disease and Serum Antioxidant Status. Iran J Vet Sci Technol.
2024; 16(2): 50-56.

DOI https://doi.org/10.22067/ijvst.2024.87403.1366

URL:https://ijvst.um.ac.ir/article_45251.html

Helicobacter in donkey stomach Ahmadnejadi et al.,, IJVST 2024; Vol.16, No.2
DOI:10.22067/ijvst.2024.87403.1366




Iranian Journal of Veterinary Received:2023- Nov-20
Accepted after revision: 2024-Feb- 04
Published online2024- May-12

Case Report DOI:10.22067/ijvst.2024.85261.1323

Histopathologic aspects of pancreatic islet cell tumor
ina dog
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A 12-year-old 4.3 kg intact female Terrier presented with a history of lethargy, anorexia, and me-

lena for one month. The animal was dull and depressed. Dermatologic examination revealed some
focal erythematous, crusty, and papulopustular lesions over the ventral abdomen. Ultrasono-
graphic evaluation displayed an abnormal parenchymal pattern of the liver, which was noticed
in the cranial part of the abdomen with diffuse hepatic involvement with irregular, hypoechoic,
and heterogeneous ill-defined areas [a honeycomb-like echotexture]. Lateral thoracocervical ra-
diograph showed numerous well-defined, small lytic lesions [polyostotic punched-out lesions] in
the dorsal spinous process of axis bone in C2-C5 and pelvis that were likely metastatic lesions.
Despite hospitalization and treatment, the dog died after 2 weeks and a necropsy was performed.
At postmortem examination, a 5-cm mass was observed in the pancreas adjacent to duodenal
loops which was finally diagnosed as a pancreatic tumor. Abnormal laboratory findings included
elevated blood urea nitrogen, creatinine, cholesterol, total bilirubin, aspartate aminotransferase,
alkaline phosphatase, gamma-glutamyltranspeptidase, and calcium. Histopathological examina-
tion of the affected pancreas revealed neoplastic cells which were arranged mainly as solid nests or
clusters and the amounts of the tumor stroma among the cellular clusters or individual neoplastic
cells were scant. According to an immunohistochemical study which was positive for chromog-
ranine A, the condition was diagnosed as a pancreatic islet cell tumor. Although rare, pancreatic
islet tumors should be included in the differential diagnosis of abdominal discomforts, pancreatic
inflammation, and hepatopathies. The final diagnosis of the tumor is achieved by combining im-
aging techniques and advanced histopathologic evaluations.
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ncreatic endocrine tumors have been report-
ed in various species including humans, dogs,
cats, and ferrets [1]. In order to diagnose pancreatic
endocrine tumors, the pathologist should confirm
the neuroendocrine nature of the tumor cells. These
tumors have various microscopic results, and im-
munohistochemical staining with different kinds of
markers like chromogranin A, synaptophysin, and
neuron-specific enolase, can usually confirm the neu-
roendocrine origin [2]. It can be difficult to accurately
evaluate the degree of malignancy of pancreatic endo-
crine tumors but other features of the tumors, includ-
ing local invasion and metastases to lymph nodes and
distant organs, are helpful to explain their malignant
nature [3]. There are different commonly recognized
pancreatic endocrine tumors like gastrinomas, insu-
linomas, glucagonomas, and somatostatinomas. Al-
though these different types of pancreatic endocrine
tumors share some clinical features and histological
aspects, they differ in their pathogenesis, hormon-
al syndromes produced, many aspects of biological
behavior, and most importantly, in their response to
chemotherapy and/or molecular targeted therapies.
Here, we presented the histopathological appearance
of a pancreatic islet cell tumor in an old Terrier dog.
To the best of our knowledge, this is the first report of
pancreatic tumors in Iran.

Introduction

Case Presentation | NN

A 12-year-old female Terrier dog weighing 4.3 Kg
was presented to the Ferdowsi University of Mash-
had Veterinary Teaching Hospital with a history of
lethargy, anorexia, and melena for approximately one
month. On physical examination, the animal was dull
and depressed with a normal body condition score.
Dermatologic examination revealed some focal ery-
thematous, crusty, and papulopustular lesions over
the ventral view of the abdomen. Differential diag-
noses included endocrinopathies and malignancies.
Complete blood count showed 1 % nucleated red
blood cells and lymphopenia (520; Reference 1000-
4800). Serum biochemistry revealed elevated blood
urea nitrogen (88; Reference 10-28), creatinine (3.19;
Reference 0.5-1.5), cholesterol (286; Reference 135-
270), total bilirubin (0.43; Reference 0.1-0.4), aspar-
tate aminotransferase (471; Reference 23-66), alkaline
phosphatase (6470; Reference 20-156), gamma-glu-
tamyltranspeptidase (45.5; Reference 1.2-6.4) and
calcium (12.40; Reference 9-11.3). Other parameters,
including C-reactive protein, were within normal
ranges (Table 1, and 2).

Diagnostic imaging evaluations consisted of ultra-
sonography and radiology. Abdominal ultrasonogra-

phy was performed with a 7.5 MHz linear transducer
(Mindray, 6600 vets, China). The abnormal parenchy-
mal pattern of the liver was noticed in the cranial part
of the abdomen (Figure 1a). Diffuse hepatic involve-
ment with irregular, hypoechoic, and heterogeneous
ill-defined areas (a honeycomb-like echotexture) was
observed that may be due to metastatic lesions or pri-
mary neoplasia. Lateral thoracocervical radiograph
showed numerous well-defined, small lytic lesions
(polyostotic punched-out lesions) in the dorsal spi-
nous process of axis bone in C2-C5 and pelvis that are
likely metastatic lesions (Figure 1b).

Characteristic ultrasound features of the even-
ly distributed hypoechoic nodular pattern, reflecting
the neoplastic cells in the liver, which were consistent
with the typical honeycomb pattern of superficial
necrolytic dermatitis. Pancreatic mass was not detect-
ed by ultrasonography but later at necropsy, a mass
was detected.

In spite of hospitalization and supportive treat-
ment, the dog died after 2 weeks, and a necropsy was
performed. At postmortem examination of the case,
a 5 cm mass was observed in the pancreas adjacent
to duodenal loops, which was finally diagnosed as a
pancreatic tumor. The Liver was diffusely pale and
had rounded margins and hepatomegaly was another
prominent finding. Histopathological samples were
taken from the liver and the suspected unknown mass

Table 1.
Haematological findings
Hematologic findings patient R::;l;:l:e

Hematocrit (%) 39 36-60
Hemoglobin (g/dl) 12.2 12.1-20.3
Red Blood Cell (x10°ul) 6.3 4.8-9.3
MCV (fl) 63 58-79
MCH (pg) 28 19-28
MCHC (g/dl) 37 30-38
Platelets(x10ul) 225 170-400
White blood cells (x10%ul) 11050 6.02-16.02
Mature neutrophils (x10°ul) 9750 2060-10600
Band neutrophils (x10°ul) 0 0-300
Lymphocytes(x10°ul) 550 690-4500
Monocytes (x10°ul) 100 0-840
Eosinophils (x10°ul) 650 0-1200
Basophils (x10°ul) 0 0-150

James K. Klaassen, Reference Values in Veterinary Medicine LABORA-
TORY MEDICINE VOLUME 30, NUMBER 3 MARCH 1999
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Fig 1.

(a) Sagittal images of liver ultrasonography showed diffuse hepatic involvement with irregular, hypoechoic and
heterogeneous ill-defined areas. (b) Lateral cervical radiograph showed numerous well-defined, small lytic lesions
[punched-out lesions] in the dorsal spinous process of C2.

in the pancreas and then, then fixed in 10% formalin
before being embedded in paraffin. Some sections of
the mass were used for immunohistochemical study
for chromogranin A detection [4]. Histopathological
examination of the liver revealed a severe and diffuse
vacuolar change of hepatocytes. Most of the affected
hepatocytes had clear and swollen cytoplasm (Figure
2a). In the affected pancreas, neoplastic cells were
arranged mainly as solid nests or clusters, and the
amounts of the tumor stroma among the cellular clus-

ters or individual neoplastic cells were scant. Promi-
nent and hyalinized collagenous connective tissue was
observed between the neoplastic region and normal
exocrine acini, and also in some parts of the tumor that
formed a few separated microscopic areas within the
tumor. An immunohistochemical study showed that
the neoplastic cells were positive for chromogranine
A (Figure 2b-2d). Based on postmortem, histopatho-
logical, and immunohistochemical findings, the con-
dition was diagnosed as pancreatic islet cell tumor.

Fig 2.
(a) Severe vacuolar change of the hepatocytes in the affected case. (b) The neoplastic region [asterisk] is separated
from the exocrine pancreatic tissue by a connective tissue capsule. (c) Immunohistochemical staining is positive
for chromogranine A in the neoplastic area [asterisk]. (d) Higher magnification of the positive neoplastic cells for
chromogranine A.

Pancreatic islet cell tumor in a dog
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Table 2.
Serum biochemistry results
. . . . Reference
Biochemistry findings patient valuesa

Total protein (g/dl) 7.5 5-7.4
Albumin (g/dl) 3.1 2.7-4.4
BUN (mg/dl) 88 4-27
Creatnine (mg/dl) 3.19 0.5-1.6
Glucose (mg/dl) 135 70-138
Cholestrol (mg/dl) 286 92-328
Bilirubin Total (mg/dl) 0.43 0.1-0.3
Alkaline phosphatase (IU/L) 6470 5-131
éﬁ?lilr)le aminotransferase 156 12-118
ég)/a{)tate aminotransferase 471 15-66
((i}:sr:ma-glutamyltranspepti— 455 12-6.4
Calcium 12.4 9-11.3
Creatinine kinase (IU/L) 78 59-895

Result & Discussion

The islet cell tumors are immunohistochemically
reactive to multiple hormones and can secrete differ-
ent kinds of hormones including insulin, glucagon,
somatostatin, pancreatic polypeptide, and gastrin, ei-
ther singly or in combination [5].

Our case was a dog who presented with concur-
rent skin lesions, hepatic failure, and lytic bone in-
volvement. The skin lesions are caused by degener-
ation of keratinocytes, resulting in epidermal edema
and necrosis [6]. The precise mechanism underlying
the development of skin disease in islet cell tumors
remains unknown, but one of the proposed mech-
anisms is the occurrence of hypoaminoacidaemia,
which may induce keratinocyte necrosis through
epidermal protein deficiency [7]. Unfortunately, we
were not able to take a skin biopsy sample during the
examination and necropsy of delayed diagnosis of the
tumor (missing data). Although not confirmed his-
topathologically, the presentation of the skin lesions
in the present case resembles typical skin lesions of
superficial necrolytic dermatitis [6, 8].

With pancreatic tumors, the signs can be vague
or nonspecific (10); signs may include loss of appe-
tite, vomiting, watery diarrhea, lethargy, pain in the
abdomen, and weight loss. If the tumor has metas-
tasized such as the bones, the clinician may notice
lameness. Most of the affected dogs also have non-re-
generative anemia, mild hyperglycemia, increased

serum liver enzyme activities, and a honeycomb-ap-
pearing liver on abdominal ultrasonography. [6, 8].
The dog presented here had a history of lethargy,
anorexia, and melena for approximately one month.
These unremarkable signs might be due to concur-
rent pancreatitis, inflammation of the GI tract, and/or
cholangiohepatitis.

Laboratory abnormalities observed in the pres-
ent case indicate severe hepatocellular dysfunction. A
wide variety of reasons, including, for instance, metas-
tasis of pancreatic tumor, concurrent GI disease, and/
or cholangiohepatis reported as reasons for these ab-
normal findings.

Bone lesions in the present case, might be due to
metastatic invasion of the tumor, which was not con-
firmed histopathologically. Skeletal metastases includ-
ing both osteolytic and osteoblastic lesions have been
described. In people, a prevalence range of 5 to 20
percent of these lesions has been reported [9]. Most
patients have widely metastatic disease at the time of
diagnosis.

As emphasized in the present study, immunohis-
tochemistry has become an essential ancillary exam-
ination for the identification and classification of these
kinds of tumors. In the present case, the neoplastic
cells were positive for chromogranin A, which is spe-
cific to endocrine cells. Chromogranin A, due to its
primary expression throughout the neuroendocrine
system, is a widely accepted biomarker for the assess-
ment of neuroendocrine tumors [11].

Many authors believe that the prognosis of islet
cell tumors is grave, although surgical removal of a
pancreatic tumor may be curative in the unlikely sce-
nario that metastasis has not occurred [11]. Clinicians
should be aware of the uncommon early manifesta-
tions of islet cell tumors. Early diagnosis allows com-
plete surgical removal of the neoplasm and provides
the only chance of a cure. Additional case studies are
needed to further characterize the cytomorphologic
features and clinical presentation of pancreatic islet
cell tumors in dogs.
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Guide for authors

SCOPE

Iranian journal of Veterinary Science and Technology (IJVST) publishes important research advances in
veterinary medicine and subject areas relevant to veterinary medicine including anatomy, physiology, phar-
macology, bacteriology, biochemistry, biotechnology, food hygiene, public health, immunology, molecular bi-
ology, parasitology, pathology, virology, large and small animal medicine, poultry diseases, diseases of equine
species, and aquaculture. Articles can comprise research findings in basic sciences, as well as applied veterinary
findings and experimental studies and their impact on diagnosis, treatment, and prevention of diseases. IJVST
publishes four kinds of manuscripts: Research Article, Review Article, Short Communication, and Case Report.
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GENERAL GUIDELINES

1. Submitted manuscripts should not be previously published elsewhere and should not be under
consideration by any other journal.

2. The corresponding author should provide all co-authors with information regarding the manu-
script, and obtain their approval before submitting any revisions.

3. The submitted manuscript should be accompanied by a written statement signed by the cor-
responding author on behalf of all the authors that its publication has been approved by all
co-authors, stating that the whole manuscript or a part of it has not been published.

4. Ethics: Authors must state that the protocol for the research project has been approved by the
Ethics Committee of the institution within which the work was undertaken. Authors are respon-
sible for animal welfare and all statements made in their work.

OPEN ACCESS POLICY

Iranian Journal of Veterinary Science and Technology is a fully Open Access journal in which all
the articles are available Open Access. There is no cost to the reader or author. All costs are covered by
the Ferdowsi University of Mashhad Press.

COPYRIGHT

Copyright on any open access article in the Iranian Journal of Veterinary Science and Technology,

published by Ferdowsi University of Mashhad Press is retained by the author(s).

o Authors grant Ferdowsi University of Mashhad Press a license to publish the article and identify
itself as the original publisher.

 Authors also grant any third party the right to use the article freely as long as its integrity is main-
tained and its original authors, citation details, and publisher are identified.

The Creative Commons Attribution License 4.0 formalizes these and other terms and conditions of

publishing articles. The Copyright assignment form can be downloaded from the IJVST website.

SUBMISSION

Authors should submit their manuscript in electronic format directly through the IJVST website
(ijvst.um.ac.ir) along with a letter to the editor signed by the author to whom correspondence should
be addressed. Please ensure that Email addresses are university/governmental addresses and full
postal addresses are included on the title page of the manuscript. The following files and forms can
be downloaded from the IJVST website:

Manuscript (template file can be downloaded from the IJVST website)

Title page (template file can be downloaded from the IJVST website)

Tables (template file can be downloaded from the IJVST website)

Endnote manuscript library file (Vancouver style can be downloaded from the IJVST website)

GUIDE FOR AUTHORS IJVST 2024; VOLUME 16; NO. 2




(GUIDE FOR AUTHORS

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Copyright assignment form (can be downloaded from IJVST website)
Conflict of interest and author agreement form (can be downloaded from the IJVST website)

For further information, please contact the Editorial Office:
Iranian Journal of Veterinary Science and Technology

Email: ijvst@um.ac.ir;

Tel: +98 51 3880-3742

PREPARATION OF MANUSCRIPT

Manuscripts should be written in English, with Abstract in both English and Persian (where ap-
plicable), typewritten in MS Word program, double-spaced, in 12-point “Times New Roman” font on
A4 paper size. Authors are requested to reserve margins of 2.5 cm all around the pages. Manuscript
should also have line numbers. All pages of the manuscripts should also be enumerated.

Research Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduc-
tion, Results, Discussion, Materials and methods, References, and Figure legends. Tables and figures
should be appended as individual files.

Review Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduc-
tion, appropriate sections dependeing to the subject, Conclusions and future directions. Tables and
figures should be appended as individual files. The review article should provide an update on recent
advances in a particular field. Authors wishing to submit review articles should contact the Editor
with an outline of the proposed paper prior to submission.

Case Reports should include Title page, Abstract, Keywords, List of Abbreviations, Introduction,
Case Presentation, Results and Discussion, and References. Case reports should not exceed 2000
words (excluding the references) and should include no more than two tables or figures. Tables and
figures should be appended as individual files.

Short Communications should not exceed 2000 words (excluding the references) and include no
more than two tables or figures. They should include Title page, Abstract, Keywords, List of Abbrevia-
tions, the text summarizing results with no other divisions, and References. Tables and figures should
be appended as individual files.

Title Page

FFull Title Page should include title (concise and informative), author(s) (including the complete
name, department affiliation, and institution), running head (condensed title) (< 50 characters,
including spaces), name and address of the authors to whom correspondence and reprint requests
should be addressed, Acknowledgements, Author contributions, and Conflict of interest.

IJVST 2024; VOLUME 16; NO. 2 GUIDE FOR AUTHORS




(GUIDE FOR AUTHORS

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Acknowledgements: Personal acknowledgement, sources of financial support, contributions and
helps of other researchers and everything that does not justify authorship should be mentioned in this
section, if required.

Author contributions: Authors are required to include a statement to specify the contributions of
each author. The statement describes the tasks of individual authors referred to by their initials. Listed
below is an example of author contributions statement:

Conceived and designed the experiments: HD, SS. Performed the experiments: SS. Analyzed
the data: HD, SS, MMM, ARB. Research space

and equipment: HD, MMM, ARB. Contributed reagents/materials/analysis tools: HD. wrote
the paper: SS, HD.

Conflict of interest:

All authors must disclose any financial and personal relationships with other people or organ-
izations that could inappropriately influence (bias) their work. Examples of potential conflicts of in-
terest include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. If there are no conflicts of interest then please
state “The authors declare that there is no conflict of interest. This form can be downloaded from the
IJVST website.

Abstract

Abstract (in English and Persian) no more than 250 words should contain the purpose of the study;,
findings and the conclusion made on the basis of the findings. Authors who are not native Persian
speakers may submit their manuscript with an abstract in English only. Abbreviations and reference
citations may not be used in the abstracts.

Keywords

Forindexing purposes, each submitted manuscript should include three to seven keywords, follow-
ing the abstract and preferably chosen from the Medical Subject Headings (MESH). Keywords should
express the precise content of the manuscript.

Introduction
Introduction should be as concise as possible, and clearly explain the main objective and hypoth-
esis of the investigation.

Results
Results indicate the results of an original research in a clear and logical sequence. Do not repeat
data that are already covered in tables and illustrations. In manuscripts describing more than one

animal, all animals should be assigned a case number.
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Discussion

Discussion should include the answer to the question proposed in the introduction and empha-
size the new and important aspects of the study and the conclusions that follow from them. It could
include the implication, application, or speculation of the findings and their limitations, relate the
observations to other relevant studies, and links the conclusions with the goals of the study. Recom-
mendations, when appropriate, may be included.

Materials and methods

Materials and methods should be described in sufficient details to allow other researchers to re-
produce the results. Specify any statistical computer programs used .The methods of data collection
and use of statistical analysis will be checked by the referees and if necessary, a statistician. Drugs and
therapeutic agents, reagents, softwares and equipments should be given in the format: name (trade
name, manufacturer name, city, country), e.g. Statview 5 (SAS Institute, Inc., Cary, NC, USA).

Animals: All animal experiments should comply with the ARRIVE (https://arriveguidelines.org/)
guidelines and the authors should clearly indicate in the manuscript the ethical code of the study.

Gene names: The standard gene names, as provided by HGNC (HUGO Gene Nomenclature Com-
mittee) should be used. Gene names must be italicized. If the case of mammalian species and if gene
names refer to rodent species, they must be upper case; if they refer to non-rodent species they must
be written in capitals. If they refer to other species, they must written lower case. Protein names are
written in capitals and are not italicized. As an example:

Mouse beta actin gene: Actb

Bovine beta actin gene: ACTB

Chicken beta actin gene: actb

Beta actin protein: ACTB

Quantitative PCR: If the quantitative PCR method has been used, the related section in Materials and
Methods and Results must be written following the reference:

Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista M, Mueller R, Nolan T, Pfaffl MW, Shi-
pley GL, Vandesompele J, Wittwer CT. The MIQE guidelines: minimum information for publication
of quantitative real-time PCR experiments. Clin Chem. 2009 Apr;55(4):611-22.

Protocol for DNA/RNA extraction, including quantification and determination of purity.

Reverse transcription (if used): amount of RNA, concentration of all reagents: primers concentration
(either random primers or oligonucleotides), reverse transcriptase and master mix components.

qPCR: sequence of forward and reverse primers, probes, amplicon size, accession number of Gene-
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bank; thermocycler parameters (i.e. denaturation, annealing and extension steps, number of cycles,
melting curves); validation of PCR products; non-template controls for reverse transcription and
qPCR should be included in all reactions; and

Data analysis: details for the quantitative or relative analysis.

Use of antibodies: Authors must show that the antibodies are validated and their specificity sis con-
firmed.

References

Must be up-to-dated and limited to those that are necessary. Lists of references should be given
in numerical order in the text, and in the reference list. Please use Vancouver style. To download the
Vancouver Style follow the link in the IJVST website which could be used in the Endnote software.

Use of Italics

Gene symbols, Latin terms (i.e. in vivo, in vitro, ex vivo, in utero, in situ, and etc.) and species sci-
entific names (using the binomial nomenclature), should be typed in italics, while the first letter of
the genus name must be capitalized (i.e. Homo sapiens).

Copyright

Accepted manuscripts in IJVST will be Open-Access articles distributed under the terms and
conditions of the Creative Commons Attribution License (CC BY). The copyright is retained by the
author(s). The publisher will insert the following note at the end of the published text:

©2024 The author(s). This is an open access article distributed under the terms of the Creative
Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction
in any medium, as long as the original authors and source are cited. No permission is required from
the authors or the publishers.

Figures

Figures must be submitted in individual files (format: TIFF, Dimensions: Width: 789 — 2250 pixels
at 300 dpi Height maximum: 2625 pixels at 300 dpi, Resolution: 300 - 600 dpi, file size: less than 10
MB, Text within figures: Arial or Symbol font only in 8-12 point). The text and other labels should
be placed in the figure as un-compressed layers. Each figure should have a title which is followed by
explanation of results shown in the figure. Figures should be numbered in order of citation in the text
with Arabic numerals. If a published figure is used, the publisher’s permission needs to be presented
to the office, and the figure should be referenced in its legend.

diagrams

For the use of bar diagrams the following publication should be consulted:
Weissgerber TL, Milic NM, Winham SJ, Garovic VD. Beyond bar and line graphs: time for a new data
presentation paradigm. PLoS Biol. 2015 Apr22;13(4):e1002128. The bar diagrams should be provided
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in color and in a well-designed and professional format. Please do not use different shades of gray.
The axes of diagrams should have titles and units. Also, the source file of the image (Excel etc.) should
be provided for typesetting.Illustrations should be numbered as cited in the sequential order in the
text, with a legend at the end of the manuscript. Color photographs are accepted at no extra charge.
The editors and publisher reserve the right to reject illustrations or figures based upon poor quality of
submitted materials.

Online proof correction, AFTER ACCEPTANCE

To ensure a speedy publication process, we request the corresponding author to provide us with proof
corrections within two days. Sending the proof file of the article to the user account will be notified by
email. All parts of the paper should be checked carefully and all corrections should be marked on the
proof file and finally sent it back via the user account.

You can still choose to annotate and upload your edits on the PDF version. All instructions for proof-
ing will be given in the e-mail we send to the corresponding author.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness, and correctness of the text, tables, and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. Please check carefully before replying, as the inclusion of any
subsequent corrections cannot be guaranteed. Proofreading is solely your responsibility.

Privacy Statement
This journal will not use your personal information for any reason that is not related to your business
with the journal, nor will we sell, rent, or give it to any other person or organization.
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PUBLICATION ETHICS

Iranian Journal of Veterinary Science and Technology is a member of the Committee on Publica-
tion Ethics (COPE), best practice guidelines for dealing with ethical issues in journal publishing and
adopts the COPE guidelines. The journal members (editor, editorial board and the journal manager)
have agreed to meet the purposes and objectives of the Journal.

Ethical guidelines for authors:

- Manuscripts must be submitted with the understanding that they have not been previously pub-
lished and are not currently under consideration by another journal.

- Authors are expected to submit manuscripts with enough detail and references to enable others to
replicate the work.

-Authors may be requested to provide the original data from their study for editorial review and
should be ready to make the data publicly available if feasible.

-The corresponding author is responsible for ensuring that all co-authors have approved the manu-
script prior to submission.

- Only individuals who meet the authorship criteria should be listed as authors in the manuscript,
as they are expected to take public responsibility for the content. The “Conflict of interest declaration
and author agreement form” must be signed and completed by all authors. This statement and sig-
natures certifies that all authors have seen and approved the manuscript being submitted. Also, the
authors by signing this form warrant that the article is the Authors’ original work, that the article has
not received prior publication and is not under consideration for publication elsewhere, and that the
corresponding author shall bear full responsibility for the submission.

Before submission, all authors are required to review the Article Submission Checklist.

- Authors should disclose any conflicts of interest that might be perceived as influencing the results
or their interpretation in the manuscript at the earliest stage possible. This can be done by uploading
the Conlflicts of Interest Form along with the manuscript submission.

-The authors are responsible for ensuring that the submitted manuscript is a complete and original
work, free from any form of plagiarism. All authors are advised to use plagiarism prevention software
to check for similarities.

-Authors are required to identify in their manuscript if their work involves chemicals, procedures,
or equipment that have any inherent unusual hazards.

- All researchers should have a written and signed informed consent form from whom voluntarily
participate in their researches. This signed form shows obviously the consent of the subject to par-
ticipate. All steps of the experiment were carried out based on the Guidelines for Animal Care at
Ferdowsi University of Mashhad in Iran that are approved by the Committee of Biological Ethics,
Faculty of Veterinary Medicine, Ferdowsi University of Mashhad, Iran (https://ethics.research.ac.ir/
docs/pages/Guideline-En.pdf). The experiments that are carried outside the university should have
a written and signed informed consent form related to ethic protocols of university or institute that
they are carried.

- If the decision is ‘Needs Revision, authors are expected to respond systematically and promptly to
the reviewers’ comments, addressing point by point, and revising their manuscript accordingly. The
revised manuscript should then be submitted to the journal within the given deadline.

- Authors are requested to clearly identify who financially supported the research and/or prepara-
tion of the manuscript and briefly describe the role of the founder/ sponsor in any part of the work at
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the end of their manuscript under “Acknowledgements” section.

-It is a condition for submission of a manuscript that the authors permit editing of the paper for
readability.

- All authors agree to allow the corresponding author to serve as the correspondent with the Journal’s
editorial office, to review the edited manuscript and proof.

-Under open access license, authors retain ownership of the copyright for their content, but allow
anyone to download, reuse, re-print, modify, distribute, and/or copy the content as long as the original
authors and source are cited properly.

- When author(s) discover(s) a significant error or inaccuracy in his/her own published work, it
is the author’s obligation to promptly notify the Journal editor or publisher to retract or correct the
manuscript.

- All authors must know that the submitted manuscripts under review with the IJVST are subject to
screening, using Plagiarism Prevention Software. Plagiarism is a serious violation of publication ethics
and in all its forms constitutes unethical publishing behavior and is unacceptable.

- Editors and members of editorial board as authors should be excluded from publication decisions
when they are authors or have contributed to a manuscript.

-The artificial intelligence (AI) tools such as ChatGPT or Large Language Models cannot meet the
requirements for authorship. Authors who use AI tools in the writing of a manuscript, production of
images or graphical elements of the paper, or in the collection and analysis of data, must be transpar-
ent in disclosing in the Materials and Methods (or similar section) of the paper how the Al tool was
used and which tool was used. Authors are fully responsible for the content of their manuscript, even
those parts produced by an Al tool, and are thus liable for any breach of publication ethics( Author-
ship and Al tools).

Ethical guidelines for Peer reviewers

- Reviewers are expected to provide insightful comments that assist the editors in making a deci-
sion about whether or not to publish the submitted manuscript.

- Reviewers are expected to maintain the confidentiality of the manuscripts they are invited to re-
view.

-Reviewers are expected to disclose any conflicts of interest they have with the authors, companies,
or institutions associated with the manuscripts they are invited to review. If a conflict of interest exists,
reviewers should immediately notify the Editor-in-Chief, decline the invitation to review, and suggest
alternative reviewers.

- If reviewers feel unqualified to review an assigned manuscript or are unable to provide a timely
review, they should inform the Editor-in-Chief and excuse themselves from the review process. If they
know of any other expert reviewers, they may suggest them to the Editor-in-Chief through the dedi-
cated email/comments section in the Reviewer Dashboard.

- Reviewers are expected to maintain the confidentiality of the manuscripts they review and not
discuss any information from the manuscript with anyone other than the Editor-in-Chief, unless they
have obtained explicit permission to do so. This also applies to invited reviewers who decline the re-
view invitation.

- Reviewers are obligated to treat the manuscripts they receive for peer review as confidential and
must not use any information obtained through this process for personal gain.
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-Reviewers are expected to provide technical, professional, and objective comments on the
manuscripts they are invited to review.

-Reviewers are expected to avoid personal biases in their comments and judgments, and
express their views clearly with supporting arguments that assist the author in improving the
manuscript.

-Reviewers are expected to identify any relevant published work that has not been cited by
the authors. If a statement has been previously reported elsewhere, it should be accompanied by
the appropriate citation.

-Reviewers should also bring to the attention of the Editor-in-Chief any significant similar-
ity or overlap between the manuscript under consideration and any other publications of which
they are personally aware.

The process has been explained in the section “Peer Review Process”.

Ethical guidelines for Editor

-The editors should evaluate submitted manuscripts to determine if they fall within the scope
of the journal. Additionally, the editors should recommend expert reviewers based on their in-
tegrated recognition of specialized reviewers.

-The Editor-in-Chief is responsible for deciding whether to accept or reject submitted man-
uscripts for the journal. This decision takes into consideration several factors, such as the judg-
ment of the editorial board members, the validation of the work in question, its significance to
researchers and readers, as well as any feedback from reviewers. Furthermore, the decision must
also comply with legal requirements regarding libel, copyright infringement, and plagiarism,
which are currently in force. The Editor-in-Chief works closely with other editors and reviewers
to ensure that all submissions are fairly evaluated.

-The editors ought to uphold the anonymity of both reviewers and authors.

-The editors should disclose any potential conflicts of interest and make efforts to avoid them.
If such circumstances arise, they are expected to delegate the handling of the manuscript to an-
other member of the editorial board.

-The editors, particularly the Editor-in-Chief, should demonstrate a willingness to investigate
cases of plagiarism and fraudulent data. When ethical concerns are raised about a submitted
manuscript or published paper, the editors will take appropriate measures in response. Any re-
ported incidents of unethical publishing behavior will be thoroughly examined, even if they
come to light years after publication.

-When dealing with cases of suspected misconduct, the Editor-in-Chief follows the COPE
Flowcharts. If an investigation supports the ethical concern, the journal will publish a correc-
tion, retraction, expression of concern, or any other relevant note.

-The editors must not share any information about submitted manuscripts with anyone until
they are published, as appropriate.

-The Editor-in-Chief and members of the editorial board will not use unpublished materials
disclosed in a submitted paper for their own research purposes without obtaining explicit writ-
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ten consent from the author.

-Editors are expected to give fair consideration to all manuscripts submitted for publication, eval-
uating each on its own merits and without prejudice based on the author(s)’ country, race, religion,
nationality, sex, seniority or institutional affiliation. Decisions about editing and publishing are made
solely based on the quality and relevance of the manuscript and are not influenced by external policies
of governments or other agencies beyond the scope of this journal.

-The Editor-in-Chief has complete authority over the editorial content of the journal as well as the
timing of its publication.

Ethical guidelines for Publisher

“Ferdowsi University of Mashhad press (FUM)” is promising to ensure that the decision on man-
uscript submissions is only made based on professional judgment and will not be affected by any
commercial interests.

- FUM is committed to maintain the integrity of academic and research records.

- FUM is monitoring the ethics by Editor-in-Chief, Associate Editors, Editorial Board Members,
Reviewers, Authors, and Readers.

- FUM, together with the Journal’s editors, shall take reasonable steps to identify and prevent the
publication of manuscripts where research misconduct has occurred, and under no circumstances
encourage such misconduct or knowingly allow taking place.

- FUM is always checking the plagiarism and fraudulent data issues involving in the submitted
manuscripts and willing to publish corrections, clarifications and retractions involving its publications
as and when needed.

-FUM as the publisher supports the Journal for each published issue by paying a defined budget ac-
cording to its published annual rank in the Portal of Scientific Journals of Iranian Ministry of Science,
Research and Technology for costs including those pertaining to setup and maintenance of the pub-
lication infrastructure, routine operation of the Journal, processing of manuscripts through peer-re-
views, editing, publishing, maintaining the scholarly record, and archiving.

Violation of Publication Ethics

The Editorial board of IJVST acknowledges that plagiarism is unacceptable in any of its forms:

Plagiarism:

Plagiarism is intentionally using someone else’s ideas or other original material as if they are one’s
own. Copying even one sentence from someone else’s manuscript, or even one of your own that has
previously been published, without proper citation is considered by the JAM as plagiarism. All man-
uscripts under review or published with JAM are subject to screening using plagiarism prevention
software (e.g. iThenticate). Thus, plagiarism is a serious violation of publication ethics.

Simultaneous Submission:

Care should be taken to ensure that the work has not been published elsewhere, in any language
and is not simultaneously submitted to other journals.

Duplicate Publication:
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Duplicate publication occurs when two or more articles, without full cross referencing, share essen-
tially the same hypotheses, data, discussion points, and conclusions.

Redundant Publications:

Redundant publications involve the inappropriate division of study outcomes into several articles,
most often consequent to the desire to plump academic vitae.

Data Fabrication:

Data fabrication means the researcher did not really carry out the study, but made up data or results
and had recorded or reported the fabricated information. Data falsification means the researcher did
the experiment, but manipulated, changed, or omitted data or results from the research findings.

Citation Manipulation:

Citation Manipulation implies excessive citations in the submitted manuscript that do not contrib-
ute to the scholarly content of the article and have been included solely for the purpose of increasing
citations to a given author’s work, or to articles published in a particular journal. This leads to mis-
representing the importance of the specific work and journal in which it appears and is thus a form of
scientific misconduct.

Improper Author Contribution or Attribution:

All listed authors must have made a significant scientific contribution to the research in the man-
uscript and approved all its claims. Do not forget to list everyone who made a significant scientific
contribution, including students and laboratory technicians.

Handling Misconduct Cases

The Editorial board of IJVST takes the necessary measures to examine the incoming papers on
their originality, reliability of contained information and correct use of citations.

-If any of the unethical publishing behavior is detected by the Journal Editorial board or by one
of the reviewers, the first action is to inform the Editor-in-chief by supplying copies of the relevant
material and a draft letter to the corresponding author asking for an explanation in a nonjudgmental
manner.

- If the infraction is less severe, the Editor, upon the advice of the Committee on Publication Ethics,
sends the author a letter of reprimand and reminds the JAM publication policies; if the manuscript
has been published, the Editor may request the author to publish an apology in the journal to correct
the record.

- If the author’s explanation is unacceptable and it seems that serious unethical conduct has taken
place, the matter is referred to the Publication Committee via Editorial board. After deliberation, the
Committee will decide whether the case is sufficiently serious to warrant a ban on future submissions.

Post-Publication Discussions and Corrections

This journal allows debate post publication on journal’s site, through “Send comment about this
article” section to the editor up to one month before final publication. Our mechanisms for correcting,
revising or retracting articles after publication depends on the content of the received comment and if
the sent comments are useful and applicable for readers/authors, they will be showed under reference
section of the articles pages.
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Complaint Policy

If the authors disagree with the editorial decision on their manuscripts, they have a right to appeal.
Authors who wish to appeal an editorial decision should contact the Editor-in-Chief of the Iranian
Journal of Veterinary Science and Technology. In such cases the Editor-in-Chief will review the manu-
script, the editorial and peer reviewers’ comments and gives his/her decision for accepting or rejecting
a manuscript. Editor-in-Chief may; if so required, send the manuscript to a new handling editor for a
fresh editorial review and to new reviewer for further peer reviewing. In such case, the final decision
maker will be the Editorial board of the journal.

How to Make a Complaint
The procedure to make a complaint is quite simple. The complaint can be made by writing an e-mail
to: jjvst@um.ac.ir. All complaints will be acknowledged within a week.
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PEER REVIEW PROCESS

Iranian Journal of Veterinary Science and Technology peer reviews all submitted manuscripts with
contents within the scope of the journal.

Initial assessment

The submitted manuscript will be subjected to a primary review by the editor or a member of the
editorial board for suitability and relevance of the findings to the scope of the journal and quality of
the science presented in the paper (sufficient originality, having a message that is important to the
general field of Veterinary Medicine, quality of data, novelty, English language, and overall manuscript
quality) within two weeks. If the paper is evaluated to be relevant to the scope of the journal and hav-
ing enough scientific rigor and novelty, it will be sent for the next stage. Otherwise, those manuscripts
which are evaluated as not-appropriate in the initial review will be rejected at this stage.

Initial screen
The initial screen will be performed by the editorial office for the structure and format of the manu-
script.

Peer review (double-blind)

The manuscripts which are found to be appropriate after the initial screen will be sent for external
review by experts in the related field. We have prepared a checklist for reviewers that summarizes
their evaluation of the manuscript. The items in this checklist are:

1. TITLE is clear and adequate

2. ABSTRACT clearly presents objects, methods, and results.

3. INTRODUCTION well-structured and provides a rationale for the experiments described.

4. MATERIALS AND METHODS are sufficiently explained and is detailed enough to be reproduced.

5. RESULTS are clearly presented and supported by figures and tables.

6. DISCUSSION properly interprets the results and places the results into a larger research context, and contains all
important references.

7. Conclusions are logically derived from the data presented.

8. English Language/style/grammar is clear, correct, and unambiguous.

9. Figures and tables are of good quality and well-designed and clearly illustrate the results of the study.

10. References are appropriate.

11. Regarding this article are you concerned about any issues relating to author misconduct such as plagiarism and un-
ethical behavior.

12. Comments on the importance of the article.

Final Decision

Based on the reviewers’ recommendations a final decision is made by the editor and if needed the help
of a member of the editorial board (depending on the field of study). Decisions will include accept,
minor revision, major revision with and without re-review, and reject. We aim to reach a final decision
on each manuscript as soon as their review results are available.
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