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ABSTRACT

Bacterial pathogens are a major cause of economic losses in aquaculture and pose serious threat to public
health. This study investigates the phenotypic and the genomic characteristics of pathogenic Pseudomonas
species in two finfish species, Oreochromis niloticus (Tilapia) and Clarias gariepinus (African catfish),
sourced from the Galadima fish market in Kano metropolis, Nigeria. Twenty fish samples, including 10
Tilapia and 10 African catfish were randomly selected and tissue samples (liver, spleen, intestine and gills)
were collected for analysis. Pseudomonas spp. were screened via culturing and isolation techniques and
biochemical tests. Molecular identification was carried out based on 16S rRNA gene sequence analysis. Out
of all the samples analyzed, 6 % tested positive for Pseudomonas spp., including P. putida (5 %), P. aerugi-
nosa (1.25 %), and P. fluorescens (1.25 %). This study confirms the presence of potentially pathogenic Pseu-
domonas species in commercially important finfish species from the Galadima fish market in Kano, Nigeria.
These findings highlight the need for regular monitoring and molecular surveillance of bacterial pathogens
in aquaculture products to prevent economic losses and safeguard public health.
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Introduction

quaculture is currently the fastest-growing

sector of food-animal production globally
[1] . In 2022, global aquaculture production reached
approximately 130.9 million tons, significantly con-
tributing to food security, especially in food-insecure
regions [2]. The industry also supports the livelihood
of millions of people worldwide [3]. According to
World Bank (2024) classification, the total share of
fisheries and aquaculture harvested by non-high-in-
come countries in recent decades has increased from
about 33 % in the 1950s to 84 % in 2022, Of this to-
tal production, the upper-middle-income countries
contributed 56 %, lower-middle-income countries
26 %, high-income countries 16 % and low-income
countries 2 % [3]. Global fish production is estimated
to reach approximately 196 million tons by 2025 ac-
counting for about 17.3 % of the total consumption of
animal protein worldwide. In 2017, fish represented
about 6.8% of the total animal protein consumption,
with a per capita consumption estimate of 20.3 kg.
This provides about 20 % of average per capita animal
protein diet for nearly 3.3 billion people, and contrib-
utes at least 10 % of such protein intake for 5.6 billion
people [4].

Finfish species such as tilapia and catfish are af-
fordable sources of animal protein, and by-products
[5]. They also serves as a source of income for low-in-
come populations in rural, developing or undevel-
oped areas [6]. These species are known generally to
occupy various habitats (freshwater, brackish or ma-
rine) and come in diverse shapes, sizes and biological
adaptations.

Despite these benefits, infectious diseases remain
a major setback to the aquaculture industry. They
result in great economic losses due to fish mortality,
poor marketability, increased treatment cost and po-
tential zoonotic disease transmission [7].

Among bacteria pathogens Pseudomonas species
stand out as gram-negative opportunistic bacteria,
with high adaptability to survive in various environ-
mental conditions, including the aquaculture envi-
ronment [8]. Numerous species of Pseudomonas are
known to be pathogenic for Aquatic and other ani-
mals including humans [9]. Pseudomonadiasis is one
of the most prevalent diseases in global aquaculture
[10], causing severe economic losses and decreased
fish farming efficiency [11]. It has been reported to
be among the most common diseases of fish, causing
almost 100 % mortality in some cases [12]. Although
many Pseudomonas spp have been described as op-
portunistic pathogens, several species including P
putida, P. fluorescence, P. aeruginosa, P. anguilliseptica,
P, baetica, P. chlororaphis, P. koreensis, P. luteola, P. ple-
coglossicida, and P. pseudoalcaligenes were identified

Usman et.al., [JVST 2025; Vol.17, No.3
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to be the primary pathogens of several disease cases
of farmed fish [8, 9]..

In regions like Nigeria, limited information about
the exact pathogen responsible for fish diseases ham-
pers the implementation of effective preventative and
control measures [7, 10]. Therefore, species-specific
detection of Pseudomonas may help for establishing
a more complete understanding of their pathologi-
cal significance [13]. Molecular detection could also
guide researchers to gain a clear understanding of the
ecological impact of the pathogen and also overcome
the deficiencies of the traditional approaches.

Given the limited literature and data on the mo-
lecular characterization of important microorgan-
isms of fish and environmental health concerns from
the study area, this study is the first of its kind in
Kano, Nigeria. The present study aim to describe the
phenotypic and genomic characteristics of pathogen-
ic Pseudomonas species isolated from two fish spe-
cies, Oreochromis niloticus and Clarias gariepinus,
sold at the Galadima fish market in Kano metropolis,
Nigeria.

Result

Pseudomonas species isolation rates

In this study, three Pseudomonas species (P. fluo-
rescens P. aeruginosa and P. putida) reported to be fish
pathogens were isolated and characterized. The over-
all isolation rate of pathogenic Pseudomonas from all
the samples was 6 (7.5 %) after molecular characteri-
zation (5 % P, putida, 1.25 % P. aeruginosa and 1.25 %
P, fluorescens) (Table 1).

Table 1.
Summary of the total isolation rate after Molecular characteriza-
tion

Isolate Cl.ari‘as Ore'och'romis Total (%)
gariepinus niloticus
P, putida 3 1 4(5)
P fluorescens 1 0 1(1.25)
P, aeruginosa 1 0 1(1.25)
Total 5 1 7.5

Pseudomonas fish species-specific isolation
rates

The isolation rate from the African catfish (Clar-
ias gariepinus) was 5 (12.5 %) while the specific iso-
lation rates from the gills, liver, spleen and intestine
were 3 (40 %), 0 %, 0 (0 %), 2 (20 %) respectively
(Table 2). The isolation rate from the Tilapia (Oreo-
chromis niloticus) was 1 (2.5 %) while the specific iso-
lation rate from the gills, liver, spleen and intestine

Occurrence of pathogenic species of Pseudomonas isolated from
two economically
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were 0 %, 0 %, 1 (10) %, 0 % respectively (Table 2).
Table 2 shows the isolation rate in different parts of C.
gariepinus and O. niloticus from the market. There was
significant difference in the isolation rate between C.
gariepinus and O. niloticus (p < 0.05).

Table 2.

The percentage of Pseudomonas isolation in fish species from Galadima market, Kano

Nigeria at the level of Biochemical characterization

IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Discussion

Fish and fishery products are vital for global nu-
trition and food security. Nonetheless, they are highly
perishable, with quality influenced by species differ-
ences, feeding habits, and en-
vironmental conditions [15].
Improperly processed or raw
fish can act as vehicle for patho-

Clarias gariepinus Oreochromis niloticus genic microprganisms', posing

Organs examined Isolation rate Isolation rate notable public health risks [16].

% % Among these, Pseudomonas
(out of 10) (out of 10) . .

- spp are recongnised as import-
Gills 4 40 ! 10 ant opportunistic pathogens in
Liver 0 0 0 0 fish, with the potential to cause
Spleen ) 10 ) 10 dlsee.lse in h.um.ans while also

serving as indicators of fish
Intestine 2 20 0 0 quality and safety [9]. In this
Total (out of 40) 7 17.5 2 5 study we established to species

Organ-Specific isolation rates of Pseudomonas

There were a significant difference in the isolation
rate between the various body parts across both fish
species (p < 0.05). The gills of C. gariepinus exhibited
the highest rate of contamination, with an isolation
rate of 30%. The gills and intestine are the only parts of
the C. gariepinus contaminated, the intestine followed
with a 20 % isolation rate. For the spleen, the isolation
rate from the C. gariepinus was 0 % and 10 % from the
O. niloticus. No Pseudomonas species were isolated in
all the liver samples from both C. gariepinus and O.
niloticus. Overall, the gills and intestines were the pri-
mary sites of Pseudomonas presence in C. gariepinus,
while the spleen was the only contaminated site in O.
niloticus. The gills samples from C. gariepinus had a
higher isolation rate (30 %) than the O. niloticus (0
%). Similarly, the intestine of C. gariepinus had a high-
er isolation rate (20 %) than the O. niloticus (10 %).
However, the spleen samples from O. niloticus had a
higher isolation rate (10 %) than the C. gariepinus (%)
(Table 3).

Table 3.

The percentage of Pseudomonas isolation in fish species from Galadima market, Kano

Nigeria after Molecular characterization

level the occurrence of the fish

pathogen (Pseudomonas spp) of public health impor-
tance with an overall prevalence of 6 %.

Masbouba [17] reported a higher isolation rates,
36.9 % for P, fluorescens and 29.1 % for P. aureginosa,
from diseased Clarias gariepinus. The elevated isola-
tion rates in that study may be attributed to sampling
clinically infected fish from an outbreak on a farm.
Olayemi et al. [18] isolated P. aerugenosa from the
gills of C. gariepinus in Ile-Ife, Nigeria.

The presence of Pseudomonas in the spleen, in-
testine and gills of fish (C. gariepinus and O. niloti-
cus) sampled from the Galadima fish market in Kano
metropolis showed bacterial contamination. This
cause for concern, as P. putida and P. fluorescens are
known to cause septicemia in fish. Their infections
often resemble motile Aeromonas septicemia espe-
cially in stressed fish stocks [19,20]. As fish serve as
an affordable source of protein, such contamination
poses a serious health hazard to humans and may
serve as zoonosis risks to consumers [21].

Interestingly, the findings of this study differs

considerably from those of a
similar investigation in Khar-
toum, where isolation rates of
Pseudomonas from gills and
intestines were 63 % and 31

o - Clarias gariepinus Oreochromis niloticus % respectively [22]. The dif-
rgans examine in i ; .
8 Isolation rate % Isolation rate % feren.ces .1n isolation and char
acterization  methodologies,

Gills 3 30 0 0 . o
sample origin, hygienic prac-
Liver 0 0 0 0 tices and the different sources
Spleen 0 0 1 10 of water and its quality may
_ have contributed to the dif-
Intestine 2 20 0 0 fering results. Moreover, the
Total 5 12,5 1 25 higher isolation rates in the

Occurrence of pathogenic species of Pseudomonas isolated from
two economically

Usman et.al., [JVST 2025; Vol.17, No.3
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previous study may be associated with clinical infec-
tions in fish populations.

Fisheries are vital to food security, livelihoods,
and economic growth in many Africa nations, includ-
ing Nigeria [21, 23]. The study’s findings indicate that
fish in Kano region are susceptible to Pseudomonas
infections. These infections have the potential to de-
grade fish quality, higher growth rates, increase mor-
tality, and ultimately reduce profit margins for fish
farmers. Additionally, managing such infections often
requires antibiotic treatment, which raises production
costs [24].

Pseudomonas species are particularly concerning
due to their resistance to multiple antibiotics. In Ni-
geria, the regulation of antibiotic use in aquaculture is
weak, increasing the risk of antimicrobial resistance
(AMR) [25]. This issue threatens not just local aqua-
culture sustainability but also feeds into the global
AMR crisis. The situation becomes even more alarm-
ing when Pseudomonas infections are transmitted to
humans [26]. The risk escalates when Pseudomonas
infections are transmitted to humans, P. aeruginosa is
an opportunistic human pathogen and can pose seri-
ous health risks, especially to immunocompromised
individuals, through the handling or consumption of
contaminated fish [27].

In conclusion, the detection of P. putida, P. aeru-
ginosa and P. fluorescens in fish from Kano, Nigeria,
underscores the need for improved public awareness
and deeper understanding of pathogenic bacterial in-
fections in aquaculture. Enforcing strict hygienic con-
trol protocols, implementing preventive strategies,
and promoting effective biosecurity practices are es-
sential steps toward safeguarding healthy aquaculture
environments

Materials and Methods
Study Area

This study was conducted at Galadima market, located in
Fagge Local Government Area of Kano state, Nigeria (Latitude
12.0127° N and longitude 8.5344° E) [14]. Galadima Market is

Table 4.

RESEARCH ARTICLE

the largest hub for fresh fish in the region, where farmers supply
fresh fish for wholesale and retails from the wild and in captivity
(aquaculture) for consumption.

Study design

The aim of this research was to isolate Pseudomonas spe-
cies of medical importance from two major fish species freshly
brought for sale at the Galadima fish market in the Kano me-
tropolis. A total of 80 tissue samples were collected, comprising
the gills, liver, spleen, and intestine, from 20 fish specimens (10
Clarias gariepinus and 10 Oreochromis niloticus). Their mor-
phometric measurements were also recorded (Table 4). Samples
were cultured on Nutrient agar and and bacterial isolates were
subjected to biochemical characterization followed by molecular
identification through DNA sequencing.

Culture and Bacterial isolation

Culture, isolation and identification of bacteria were carried
out based on the method described by [8]. Each sample was in-
oculated on Nutrient agar and incubated at 37°C for 24 hours.
The growths were subjected to Gram staining and biochemical
test for further identification.

The inoculation Media was prepared based on the manu-
facturer’s instructions. A sterilized spatula was used to cauterize
the surface of the sample. The cauterized surface was then cut
using sterilized scissors. A swab stick was then inserted deep
into the cut tissue sample to collect samples for primary smear
preparation. Secondary and tertiary smear were made using a
sterilized wire loop. The samples were incubated at 37oc for 24
hours. Plates were examined for bacterial growth, subcultured
and re-incubated at 37°C for another 24 hours. Colonial mor-
phology was then studied (Figure I). All isolates were preserved
and later sent to South Africa for DNA sequencing.

Biochemical characterisation

Biochemical tests were conducted after the colony morphol-
ogy assessment, assessment to further characterize the isolates
(Figure 2). Standard conventional biochemical assays, included
Gram staining, urease, citrate, catalase activities and oxidase, In-
dole, Methyl red (MR), Voges Proskauer (VP) and motility tests
were carried out [8]. The test tubes containing the test media
were labeled and arranged properly in a test tube rack, each was
inoculated with an inoculum of the isolates and incubated at
370c for 24 hours. After incubation, reagents such as Kovacs,
VP1 and VP2 were added to the incubated peptone water for
both Indole and MRVP tests respectively Reaction were record-
ed accordingly (Table 5) and DNA was extracted from confirmed
isolates for sequencing.

Morphometric measurements of the Oreochromis niloticus and Clarias gariepinus collected from Galadima Fish Market,

Kano State, Nigeria.

. . Total Length (cm) Total Weight (g) Standard Length (cm)
S/N Fish Species + SD +SD +SD
39.07 £5.52 589.23 + 233.9 36.27 £5.23
1 Oreochromis niloticus (range)
(26.1 - 49.6) (140 - 1150) (22.15 - 47.2)
41.29 +3.44 658.94 + 174.2 39.0 +£3.45
2 Clarias gariepinus (range)
(35.0 - 48.2) (353.2 - 1020.5) (33.3-46.0)

Usman et.al., [JVST 2025; Vol.17, No.3
DOI:10.22067/ijvst.2025.90677.1437

Occurrence of pathogenic species of Pseudomonas isolated from
two economically



RESEARCH ARTICLE

Figure 1.
Pseudomonas on nutrient agar

Table 5.
Biochemical tests and reactions
S/N Test Pseudomonas spp
1 Gram reaction -
2 Oxidase +
3 Indole -

4 Methyl red -

4 Voges-proskauer -
5 Citrate +
6 Catalase +
7 Urease -
8 Motility +

Extraction of genomic DNA, amplification by
PCR and Sequencing

The confirmed isolates were sent to Inqaba Biotec™ (Pretoria,
South Africa) for PCR, agarose gel electrophoresis and Sanger se-
quencing. Genomic DNA was extracted using the QIAamp DNA
kit (Qiagen, Germany). DNA concentration and purity were as-
sessed before molecular analysis. Primer selection, PCR amplifi-
cation, purification of the amplified products, DNA sequencing
and the sequence analysis were performed as described by Duman
etal., 2021 [8].

PCR amplication targeted universal primer 16S rRNA (small
subunit ribosomal RNA) gene using the primers listed in Table 6.

Figure 3 is a gel image showing position and base pairs for the
different Pseudomonas species.

Species level identification was performed using sequencing

of DNA dependent RNA polymerase subunits. The sequences ob-

Table 6.
Universal Primers
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Figure 2.
Biochemical identification of Pseudomonas species

Figure 3.

Gel image showing position and base pairs for the different
Pseudomonas species. Keys: C= Clarias gariepinus; O= Oreo-
chromis niloticus; M= Molecular ladder: C1 = P. putida, C2= P
putida, C3= P. fluorescen, C4d= P. putida, C5= P. aeruginosa, Ol
= P, putida.

tained from the sequencing were analyzed and aligned. By BLAST
the homologous searches were done from the results of the se-
quencing. The nucleotide sequence of the PCR product showed
99.29, 99.22, 94.81 % and 94.72 Pseudomonas putida, 96.52 %
Pseudomonas aeruginosa and 94.72 % Pseudomonas fluorescens
respectively. The results revealed similarity levels to published
Pseudomonas species sequences in the NCBI database.
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Age-Related Correlations between Mandible, Skull and
Body Measurements
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ABSTRACT

The Ouled Djellal White Arab sheep is the predominant breed in the Algerian steppes and high plains,
known for its adaptability and meat production. This study examines correlations between mandibular,
body, and craniometric measurements in two age groups to establish a reference dataset for archaeozoolog-
ical applications. Thirty female Ouled Djellal sheep, evenly divided into young adults (2-4 years) and adults
(>4 years), were examined. Eight body measurements were recorded pre-slaughter, followed by eight man-
dibular and sixteen craniometric measurements after bone preparation, with four indices subsequently cal-
culated. Significant correlations were observed between mandibular and body measurements, and between
mandibular and craniometric parameters. Correlations were more numerous and stronger in adults (rang-
ing from 0.47 to 0.70) than in young adults (from 0.41 to 0.67). While differences in covariation strength
were observed between age groups, some correlations, such as those between thoracic perimeter (TP) and
mental foramen length (ML6), and between head length (hL) and aboral height of the ascending branch
(MH]1) persisted across age groups. Dentition-related measurements correlated more frequently in adults,
reflecting skeletal maturity, whereas variability in young adults indicated ongoing growth. These findings
highlight the importance of age considerations in morphometric analysis and provide reference data for es-
timating body size and cranial dimensions from mandible measurements, contributing to archaeozoological

studies of North African ancient specimens.
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Introduction
lgerian White Arab sheep, or Ouled Djellal, is
the predominant sheep breed in the Algerian
steppes and high plains, representing approximate-
ly 63% of the national flock, estimated at around 12
million head. Native to the Ouled Djellal region, this
breed is characterized by its slim build, refined head,
and high-quality white wool. It is well adapted to arid
environments and suited to a nomadic lifestyle [1, 2].
Archaeological research in Algeria, despite being in
its early stages, has led to the discovery of several sites,
revealing animal bone remains from periods spanning
the Paleolithic to the Neolithic. Notable examples in-
clude Oued Boucherit in Sétif (dated 2.4-1.7 million
years ago) [3], Tighennif in Mascara (around 700,000
years ago) [4], and Gueldaman Cave GLD1 near Ak-
bou, Béjaia (dated to 5052-4885 B.C.) [5]. These sites
have provided a variety of animal remains, including
sheep mandibles and skull fragments. Such archae-
ozoological findings enable researchers to explore
the attributes of ancient fauna. However one major
challenge persists: the absence of robust reference
database from living animals, particularly for body
measurements. Estimation body measurements from
archaeological bones relies on comparative datasets
that include both body measurements and osteomet-
ric data from known specimens. Such reference data-
sets are scarce and currently absent for North African
sheep populations.

This research is part of a series of osteobiometric
studies on native Algerian ruminants, including sheep
[6,7], goats [8, 9], and camels [10, 11]. Building upon
this work, the current study aims to examine correla-
tions between the body measurements taken from
live Ouled Djellal sheep and osteometric parameters
of their skulls and mandibles. These correlations were
compared between young adults and adults. The ulti-
mate aim is to establish a reliable reference framework
of one of the main breeds of Algeria, thereby enabling
archaeozoologists to estimate body size and cranial
dimensions from mandibular remains recovered in
archaeological sites.

Result

Univariate analysis

The mandibular parameters MH1, MH7, MHS,
and RM1 showed statistically significant differences
between the age groups (p < 0.05; Table 1 and Figure
1). Average values for MH1 and MHS8 were higher in
adults, whereas MH7 and RM1 were higher in young
adults. Notably, the average RM1 index was lower in
adults than in young adults.

Boukerrou et.al., IJVST 2025; Vol.17, No.3
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Bivariate analysis

Correlations by Age

Significant correlations between mandibular and
body measurements, as well as between mandibular
and craniometric parameters, were more numerous
and stronger in adults than in young adults (Tables
2 and 3). When significant, correlation coeflicient
for adults ranged from 0.47 to 0.70, while for young
adults they ranged from 0.41 to 0.67.

To evaluate whether age groups differed in their
covariation patterns, a series of two-way ANCOVAs
was conducted (Table 2). Some of these relationships
remained stable across both age groups, such as those
between thoracic perimeter (TP) and ML6, as well as
between head length (hL) and MH1. However, 5 out
of 20 mandibular body parameter pairs and and 10
out of 44 mandibular craniometric parameters pairs
(Table 2) showed non homogeneous relationship
between young adults and adults. In these case, cor-
relation were analyzed separately. Examples include:
Adults: correlations between head length (hL) and
ML9, head width (hW) and MHY, as well as between
MHS8 and CL20, and MH9 and CL31. Young adults:
correlations between scapulo-ischial length (SIL) and
mandible weight (MW), as well as between CB8 and
MBI1. In general, measurements related to dentition
(ML9, MH9, MHS8) were more commonly observed
in adults.

The four strongest and most significant correla-
tions are illustrated in Figure 2, showing examples
from both mandibular and body parameter pairs (Fig-
ures 2A,2B), as well as mandibular and craniometric
parameters (Figures 2C,2D) for both age groups.

Correlations in the total population

Most correlations between mandiblar and body
measurements were consistent between the two age
groups (Table 2 and Table 3). Out of 99 correlations,
only 14 differed significantly between age groups (Ta-
ble 4). These correlations were considered low, with
coefficients ranging from 0.10 to 0.39 or moderate
from 0.40 to 0.59.

Analysis of mandible and skull measurements re-
vealed several significant correlations between man-
dibular and craniometric parameters (Table 5). The
strongest correlation was between mandible weight
(MW) and skull weight (SW), with a correlation co-
efficient of 0.85.

The mental foramen length (ML6) and the aboral
height of the ascending branch (MH1) were most
frequently correlated with craniometric parameters.
ML6 showed the strongest correlations with both
skull lengths and height CH6, while MH1 was pri-
marily correlated with cranial widths, but also with
certain lengths and height CH6.

Osteo-morphometry and age correlations in Ouled-Djellal sheep
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Table 1.

Descriptive statistics of mandibular parameters

IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Statistical

Groups MLé6 ML8 ML9 MB1 MH1 MH7 MH8 MH9 MW RM1 RM2
parameters
m 165,05 58,50 24,22 61,71 82,97 41,33 24,26 19,71 83,20 25,10 74,45
Young adults ~ Min 155,36 52,68 19,43 52,44 76,88 37,36 21,41 16,57 70,00 22,19 59,66
N=15 Max 180,15 62,66 28,24 68,18 88,35 47,37 26,06 22,15 94,00 30,18 82,58
o 6,99 3,05 1,95 5,00 3,47 2,92 1,45 1,81 6,56 2,26 6,10
CV% 4,23 5,21 8,04 8,10 4,18 7,07 5,99 9,20 7,88 9,00 8,19
m 166,74 57,09 24,12 62,16 88,54 38,88 25,55 20,65 85,80 23,35 70,33
Adults Min 152,66 51,27 21,66 52,82 83,34 35,79 23,70 18,04 67,00 21,31 62,69
N=15 Max 178,39 63,10 26,52 70,35 96,88 42,50 27,63 24,19 26,61 83,59
o 6,62 3,28 1,40 5,02 4,26 1,93 1,19 2,01 14,17 1,48 6,46
CV% 3,97 5,74 5,81 8,07 4,81 4,95 4,64 9,72 16,51 6,35 9,18
m 165,89 57,79 24,17 61,94 85,76 40,10 24,90 20,18 84,50 24,22 72,39
total Popula-
Min 152,66 51,27 19,43 52,44 76,88 47,37 21,41 16,57 67,00 21,31 59,66
tion
Max 180,15 63,10 28,24 70,35 96,88 2,73 27,63 24,19 30,18 83,59
N=30
o 6,74 3,19 1,67 4,93 4,75 35,79 1,46 1,94 10,93 2,08 6,52
CV% 4,06 5,52 6,90 7,95 5,54 6,81 5,86 9,61 12,93 8,58 9,00
pYA-A 0,389 0,25 0,885 0,87 0,001 0,033 0,033 0,325 0,95 0,019 0,067
m: mean, Min: minimum, Max: maximum, o: standard deviation, CV%: coeflicient of variation in %.
p YA-A corresponds to the p-value for the Wilcoxon-Mann-Whitney test comparing young adults and adults.
»
475 ®
%
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26
%
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z z z g "
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24
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Figure 1.

Groups

Groups

Groups

Boxplots illustrating the variation in the mandibular variables MH1 (left), MH7 (middle), and MHS8 (right) between Young Adults
(YA) and Adults (A). Descriptions of these variables can be found in Table 6.

Osteo-morphometry and age correlations in Ouled-Djellal sheep

Boukerrou et.al., IJVST 2025; Vol.17, No.3
DOI:10.22067/ijvst.2025.92718.1491

10



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY RESEARCH ARTICLE

Table 2.
Correlations between mandibular and body parameters by age.

VAR1  VAR2 T?ltl:ltil:) ‘:lp © Adults Zg::ﬁg p-value
Lw MHI1 0.28 0.66 0.20 0.208
w MHS8 0.29 0.17 0.65 0.335
SIL MW -0.07 0.20 -0.55 0.026
WH MHS8 0.13 0.73 0.16 0.137
TP ML6 0.51 0.46 0.60 0.973
TP MHI1 0.38 0.66 0.30 0.298
TP MHS8 0.33 0.18 0.62 0.44
CP MHI1 0.48 0.64 0.35 0.292
CP MH9 0.42 0.52 0.25 0.335
CP MW 0.41 0.63 -0.26 0.042
hL ML6 0.48 0.45 0.58 0.575
hL ML9 0.34 0.61 0.09 0.02
hL MHI1 0.54 0.65 0.46 0.226
hw MH9 0.20 0.57 -0.33 0.016
hw MHI1 0.48 0.50 0.52 0.912
hw MW 0.50 0.63 0.52 0.679
el MHI1 0.22 0.52 0.19 0.43
eW MHI1 0.29 0.62 0.29 0.516
eW MHS8 0.31 0.51 0.33 0.48
eW MW 0.16 0.47 -0.40 0.033

p-value represent the difference between the young adults and the adults using two-
way ANCOVA test.
Table 3.

Correlations between mandibular and craniometric parameters by age.

VAR1 VAR2 Totalpop- .4, Young p-value

ulation adults

CL1 ML6 0.76 0.80 0.72 0.352
CL1 MHI1 0.63 0.77 0.56 0.538
CL2 ML6 0.81 0.82 0.80 0.481
CL2 MHI1 0.63 0.76 0.57 0.621
CL7 ML6 0.75 0.76 0.76 0.24

CL7 MHI1 0.58 0.50 0.60 0.952
CL10 ML6 0.55 0.51 0.56 0.917
CL10 ML9 0.32 0.50 0.21 0.231
CL10 MHI1 0.42 0.28 0.56 0.378
CL20 MB1 0.45 0.50 0.39 0.616
CL20 MHS8 -0.001 -0.38 0.48 0.032

Boukerrou et.al., IJVST 2025; Vol.17, No.3 Osteo-morphometry and age correlations in Ouled-Djellal sheep
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Table 3 cont.

VAR1 VAR2 T?ltlzlti% (:1P ~ Adults Zg:ﬁlt% p-value
CL31 ML6 0.46 0.60 0.52 0.779
CL31 ML8 0.65 0.57 0.68 0.577
CL31 MH7 0.47 0.53 0.27 0.273
CL31 MH9 0.04 0.54 0.28 0.033
CL31 MW 0.34 0.65 0.04 0.364
CL34 ML6 0.44 0.61 0.31 0.305
CL34 MB1 0.25 0.53 0.04 0.115
CB2 MHI1 0.29 0.19 0.69 0.15
CB2 MH7 0.26 0.54 0.10 0.096
CB2 MH9 0.29 0.51 0.04 0.192
CB3 MHI1 0.56 0.34 0.62 0.128
CB8 MHI1 0.34 0.51 0.22 0.769
CB8 MB1 -0.23 0.21 0.57 0.024
CB8 MW -0.04 0.19 0.46 0.044
CB8 RM2 -0.41 0.07 0.67 0.037
CB10 MHI1 0.65 0.67 0.82 0.203
CB10 MH7 0.06 0.56 0.14 0.045
CB10 MH9 0.38 0.65 0.07 0.148
CB10 MW 0.33 0.61 0.20 0.087
CB14 MHI1 0.68 0.56 0.69 0.453
CB14 MW 0.39 0.70 0.28 0.026
CB18 MHI1 0.55 0.35 0.52 0.307
CB18 MW 0.09 0.32 0.41 0.049
CB19 MHI1 0.60 0.62 0.60 0.947
CB19 MW 0.37 0.50 0.04 0.455
CH5 MHI1 0.04 0.02 0.67 0.127
CH6 ML6 0.76 0.71 0.83 0.944
CH6 MB1 0.59 0.67 0.49 0.426
CH6 MHI1 0.39 0.36 0.60 0.43
SW ML8 0.14 0.45 0.53 0.02
SW MHI1 0.49 0.64 0.28 0.074
SW MH7 0.19 0.63 0.16 0.003
SW MW 0.85 0.92 0.50 0.062

p-value represent the difference between the young adults and the adults using
two-way ANCOVA test.
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Example of a scatter plots with linear regression between mandibular and body parameters: A. hL=f(ML9), B.
hW=f(MH9) and between mandibular and craniometric parameters: C. SW = f(MH7), D. CB8 = f(RM2) for adults
and young adults. Only the strongest correlations are shown.

Table 4.
Correlations between mandibular and body measurement for all specimens.
Only the significant correlations (p < 0.05) are shown.

Mandibular Coeflicient

Body measurements - ents (r) p-value
Head length MH1 0.54 0.0022
Thoracic Perimeter ML6 0.51 0.0042
Head width MwW 0.50 0.0044
Cannon perimeter MH1 0.48 0.0068
Head length ML6 0.48 0.0073
Head width MHI1 0.48 0.0066
Cannon perimeter MH9 0.42 0.021
Scapulo-ischial length RM1 0.41 0.022
Cannon perimeter MW 0.41 0.024
Cannon perimeter ML6 0.39 0.032
Live weight ML9 0.38 0.038
Thoracic Perimeter MH1 0.38 0.040
Scapulo-ischial length MH7 0.38 0.038
Live weight MH?7 0.37 0.043

p-value represent the difference between the young adults and the adults using
two-way ANCOVA test.
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The four strongest and most significant cor- attributed to the association of MH7 with
relations are illustrated in Figure 3, showing pairs the eruption of third molar (M3): after M3
of mandibular-body (Figure 3A,3B), and mandib- eruption is complete in adults, the mandib-
ular-craniometric relationships (Figure 3C,3D). ular body tends to lower (Figure 4). Similar

findings were noted by Ridouh [12] in the
Table 5. ive Algeri d by Dib, Babelhadj
Correlations between mandibular and craniometric measurement for all natlv? gerian gqat and by Db, babelhad)
specimens. Only the significant correlations (p < 0.05) are shown. [11] in the Tergul dr OmedarY In contrast,
Mandibular Craniometric mea-  Coefficient val the h1gher value O.f MHS in adults me.ly re-
T e, () p-value lated to the eruption of premolars prier to

MW SW 0.85 2.17¢-09 adulthood. _ ,
When comparing the Ouled Djellal

ML6 CL2 0.81 5.90e-08

sheep with other breeds, the mental fora-
ML6 CH6 0.76 9.46e-07 men length (ML6) in our sample (165.89
mm) is greater than that in other sheep

MLo ctl 076 [ 14e-06 breeds, including Yankassa (165 mm) [13],
ML6 CL7 0.75 2.20e-06 Konya Merino (163.44 mm) [14], Barbados
MH1 CB14 0.68 3.30e-05 Black BCHY (1609 mm), Awassi Females
Mis J— e 000011 (155.22 mm) [15], French breeds (152 mm)
i i [16], Mehraban (137.4 mm) [17], Morkara-
MHI1 CB10 0.65 9.74e-05 man (122.29 mm), Tuj (118.85 mm) [18],
MHI CL1 0.63 0.00016 and Iranian Native sheep (112.9 mm) [19].
This indicates that Ouled Djellal females

MHI CL2 0.63 0.00021

have relatively longer mandibles compared
MH1 CB19 0.60 0.00041 to most other breeds.

Regarding mandibular angle width
(MB1), the Ouled Djellal (61.94 mm) exhib-
its a mean value close to that of Sharri fe-
MH1 CB3 0.56 0.0013 males (61.64 mm) [20] and Awassi females
(60.22 mm) [15]. yet exceeded values re-

MB1 CH6 0.59 0.00065

MH1 CL7 0.58 0.00086

M CBI8 053 00015 ported for Norduz females (45.14 mm) [21],
ML6 CL10 0.55 0.00181 Konya Merino (56.88 mm) [14], Tuj (43.61
MHI1 SW 0.49 0.00578 mm), Morkaraman (43.2 mm) [18], and
. J— ™ 000805 French breeds (58 mm) [16]. This suggests
: : broader mandibles in Ouled Djellal females.
ML6 CL20 0.47 0.00802 The height of the ascending branch
MBI CL7 0.46 0.00985 (MH1) is particularly higher in Ouled Djel-
lal females (85.76 mm), than French breeds
ML6 CL31 0.46 0.0100 (80 mm) [16], Mehraban (77.5 mm) [22],
MBI CL20 0.45 0.0137 Konya Merino (76.11 mm) [14], Barbados
ML6 p— 0.44 0.0139 Black Belly (70.8 mm) [23], Zell sheep fe-
males (69.81 mm) [24], Iranian native sheep
MH9 CBL0 0.38 0.0384 (62.6 mm) [19], Morkaraman (62.08 mm)
MW CB19 0.37 0.0451 [18], Norduz females (61.98 mm) [21], and
Tuj (60.86 mm) [18]. This further supports
MP!1 oL 037 0.0 the Ouled Djellal females are distinguished
by the greater height of their mandibular

branches.
Discussion Comparing our findings with to Ami's [6] results

on Ouled Djellal from the same region, the mean val-
This study examined the correlations between o6 of ML6 (153.20 mm), MBI (59.6 mm) and MH1
mandibular and craniometric osteometric measure- (79.86 mm) were lower in Ami’s study. This difference

ment, and body measurements on the living animals )5y be due to the presence of juvenile individuals in
in Ouled Djellal sheep, focusing on age-related effects, A 11i's dataset.

it revealed that the average mandibular height behind Since these three parameters (ML6, MB1, MH1)
M3 (MH?7) was greater in young adults. This can be  represent the mandibular dimensions along its main
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Figure 3.

Example of scatter plots with linear regression between mandibular and body parameters: A. hL=f(MH1), B.
TP=f(ML6) and between mandibular and craniometric parameters: C. CL2 = f(ML6), D. CH6 = f(ML6) for all
specimens. Only the strongest correlations are shown.

The lower RM1 values in adults, suggest thinner
mandibular bodies compared to young adults. Addi-
tionally, both RM1 (24.22%) and RM2 (72.39%) in
our study were lower than those reported by Ami [6]
Baps for Ouled Djellal (26.06% and 74.63%), and by Guin-

; tard and Fouché [16] for French breeds (25% and
73%). These findings indicate that the mandibles in
our study possess more slender bodies.

Moreover, the correlation patterns were stronger
and more consistent in adults than young adults. In
young adults, varying growth rates between zootech-
nical and bone parameters suggest that osteological
development is still ongoing. In contrast, adults exhib-
it a stable and fully mature form across both zootech-
Figure 4. nical and osteological measures, which likely explains
Mandibular corpus height behind the third molar (MH?7) in the stronger consistency in correlations at this stage.
young adults (top) and adults (bottom) Furthermore, the relatively weak correlations in
the total population can be attributed to several fac-
tors, such as age, dentition stage, nutrition, and en-
vironmental conditions, all of which influence the
growth and development of sheep in uneven ways,
thereby leading to differences in mandible morpholo-

Young Adult Female

Adult Female

axes, our results suggest that the mandibles in our
study population are overall relatively larger than oth-
er sheep breeds.
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gy. Despite these variations, certain mandibu-
lar measurements (especially MH1 and ML6)
show significant correlations with body pa-
rameters. For example, the strongest correla-
tions were observed between the head length
and the height of the ascending branch (MH1),
and between the thoracic perimeter and the
mental foramen length (ML6) (Figure 3).

Regarding the correlations between the
mandibular and craniometric parameters, the
results indicate that ML6 reflects the linear
skull dimensions, while mandibular height
(MH1) is more closely associated with cranial
widths. These results suggest that the mandib-
ular axes (ML6, MH1, MB1) showing signif-
icant correlations with the three main skull
dimensions (length, width, and height). This
reflects harmonious growth between man-
dibular and cranial structures, confirming that the
mandible and skull may develop in an interdependent
manner.

The results indicate that the mandibles of Ouled
Djellal females are both larger and more slender
than those of other breeds, with adults exhibiting
even greater size and slenderness compared to young
adults. Across the population, significant correlations
were observed between body and mandibular mea-
surements. Additionally, the three axes of the man-
dible are significantly correlated with skull measure-
ments, reflecting the harmonious growth between the
mandible and skull. Most correlations between man-
dibular, craniometric, and body parameters remain
consistent across age groups, while others vary. Sig-
nificant correlations are more frequent in adults, sug-
gesting that they have reached a stable, mature form
in both zootechnical and osteological aspects, where-
as young adults exhibit differential growth patterns.
The identified correlations highlight the importance
of taking into account the age of the specimens when
mandibular measurements are used for estimating
body and craniometric dimensions. This study paves
the way for age-specific predictive models in archae-
ozoology.

Materials and Methods

This study was conducted on 30 female Ouled Djellal sheep
obtained from the slaughterhouses in Ain Fakroun and Télagh-
ma, northeastern Algeria, between March 2022 and May 2023. All
animals appeared healthy and were over two years old. They were
divided into two age groups: young adults (YA) aged 2 to 4 years,
and adults (A) over 4 years.

Body Measurements

Before slaughter, eight body measurements (Figure 5) were re-
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Figure 5.
Body measurements on
Ouled Djellal sheep

corded using a tape measure (cm): withers height (WH), scapu-
lo-ischial length (SIL), thoracic perimeter (TP), cannon perim-
eter (CP), head length (hL), head width (hW), ear length (eL),
and ear width (eW). Live weight (LW) was estimated using body
weight prediction formulas: LW= 0.635 TP - 23.026 and LW =
0.7536 SIL - 19.2234 [13].

Specimen Preparation

After slaughter, each head was collected, labeled with
identification number, and linked to its corresponding body
measurement data. Soft tissues were removed, and the bones
were cleaned by boiling for several hours, rinsing in running
water, and air-drying. Each skull and mandible (right side) were
labeled accordingly. Mandible weight (MW) and skull weight
(SW) were recorded in grams using a precision scale.

Osteometric Measurements

Eight mandibular and sixteen cranial measurements were
taken in millimeters using a caliper (accuracy + 0.02 mm), a rul-
er for linear dimensions (e.g., CL1, CL2), and a thickness com-
pass for specific parameters (e.g., CH6). Measurement protocols
followed Ridouh’s [14] methodology (Figures 6 and 7, Table 6).
Additionally, four indices (RM1, RM2, RC5, and RC7), were se-
lected based on criteria proposed by Guintard [15], then were
calculated to provide further morphometric insights.

Statistical Analysis

All statistical analyses were conducted using R (version
4.3.1) with the RStudio interface. Descriptive statistics, includ-
ing mean (m), minimum (min), and maximum (max) values,
were calculated for each age group and the total population (TP).
Variability was assessed using the standard deviation (o) and co-
efficient of variation (CV% = (0/m) x 100).

The Wilcoxon-Mann-Whitney test was applied to compare
univariate measurements between age groups, with significance
set at p < 0.05. Pearson correlation coefficients (r) were calcu-
lated for each variable pair, interpreted as: 0-0.10 for no cor-
relation, 0.10-0.39 for low correlation, 0.40-0.59 for moderate
correlation, 0.60-0.79 for strong correlation, and 0.80-1 for very
strong correlation. Additionally, p-values were also used to as-
sess the significance of the correlations. Two-way ANCOVAs was
used to evaluate the homogeneity of correlations between young
adults and adults.
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Figure 6.
Measurements of the right mandible in
lateral view.

MLé

Table 6.
Denomination of mandibular measurements (variable names starting with M) and craniometric measurements (variable name
starting with C), and indices (variable name starting with R).

Mandibular Craniometric
Denominations Denominations
Measurements Measurements
ML6 {\/Iental foramen CL1 Total length
ength
MLS8 {\/Iolar tooth row CL2 Condylobasal length
ength
ML9 f remolar tooth row CL7 Oblique length of the muzzle
ength
MBI1 Width at the mandib- CL10 Median frontal length
ular angle
Aboral height of the . .
MH1 ascending branch CL20 Orbit base to jugular process length
Mandibular height .
MH7 behind M3 CL31 Naso-dental oblique length
MHS3 ?r/[:::tdétfnll\}ar height in CL34 Temporal fossaLength
MH9 Mandibular height in CB2 Greatest breadth of the occipital condyles
front of P1
RM1 MH?7 / ML6 x 100 CB3 Greatest breadth at the bases of the paraoccipital processes
RM2 MB1/MH1x 100 CB8 Least frontal breadth
CBI10 Least breadth between the orbits
CB14 Greatest palatal breadth
CB18 Greatest breadth across the premaxillae
CBI19 Zygomatic breadth
CH5 Least height of the occipital
CH6 Splanchnocranial height
RC5 CB8/ CL1 x 100
RC7 CHS5 / CL1 x 100

M3: Third molar, M1: First molar, P1: First premolar.
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CL10 (A)

CL1

Figure 7.

IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Skull measurements: (A) lateral view, (B), ventral view (C) dorsal view, (D) caudal view.
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Peganum harmala extract delayed the lethal effect of
viper snake Echis carinatus venom in mice

Soheila Shirkhani, Behrooz Fathi

Department of Basic Sciences, Faculty of Veterinary Medicine, Ferdowsi University of Mashhad, Mashhad,
Iran.

ABSTRACT

This study investigated the possible antagonistic effects of Peganum harmala extract against the lethal toxic-
ity of Echis. carinatus venom. A total of 72 adult albino mice were divided into 12 equal groups in 6 exper-
imental protocols. In protocol I (control), Group A only treated with E. carinatus venom (10 mg/kg). They
died after 80 min averagely. In protocol II, Groups Bl and B2 were treated simultaneously with 15 and 30
mg/kg of P. harmala, respectively, and 10 mg/kg venom. Their survival time increased to 232 and 210 min,
respectively. In protocol I, groups C1 and C2 were treated with 10 mg/kg venom followed 15 min later by P.
harmala at 15 and 30 mg/kg respectively. Their time to death was increased to 246 and 220 min respectively.
In protocol IV, groups D1 and D2, treated with pre-incubated of venom with 15 and 30 mg/kg of P. harmala.
Their survival time increased to 211 and 195 min, respectively. In protocol V groups E1 and E2 received
only P. harmala extract intraperitoneally (15 and 30 mg/kg). In protocol VI, groups F1, F2, and F3 received
only P. harmala extract (orally) at 15, 30, and 60 mg/kg. All mice in these groups remained alive. Peganum
harmala extract significantly (p < 0.05) increased animal survival time, has an antagonistic effect against
lethal action of Echis carinatus venom.
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Introduction

nakebites are a considerable global public

health concern that pose a significant threat to
both humans and animals. Approximately 5.4 million
individuals are bitten by snakes annually, resulting
in up to 138,000 deaths . Therefore, it is essential to
promptly diagnose and provide appropriate treat-
ment to minimize potential complications of enven-
omation [1,2].

Iran, located in West Asia, possesses remarkable
biodiversity and a land of 81 snake species, of which
25 are venomous and considered medically signif-
icant. Among these, the Echis. carinatus, (Figure 1)
a member of the Viperidae family, is
predominantly found in the southern
regions of Iran [3]. E. carinatus is in-
famous for its aggressive behavior and
a highly toxic venom, which primari-
ly disrupts blood coagulation and the
haemostatic system [4]. Warrell et al.
(1977) reported that bites from E. car-
inatus result in a higher mortality rate
than those caused by other venomous
snake species in Northern Africa and
Asia [5]. Between 2002 to 2011, Iran
recorded 53,787 snakebite cases and 67
related deaths [6].

Antivenom therapy remains the
important mainstay of snakebites treat-
ment. It can effectively neutralize ven-
om toxins and alleviate their adverse
effects. However, several limitations are
associated with antivenom use. First,
antivenoms often exhibit limited spec-
ificity and may not be effective against
venom variants. Additionally, their
administration can trigger allergic re-
actions in recipients, ranging from mild skin rashes
to severe life-threatening anaphylaxis. Furthermore,
antivenoms may not always be readily available, espe-
cially in remote areas or low-resource countries, due
to high production costs. Administering antivenoms
can be complex, as they often require careful dosing
and monitoring. In some cases, multiple doses may be
needed, factors that increase cost and logistical chal-
lenges. Moreover, their effectiveness in addressing lo-
calized tissue damage induced by venoms is limited
and in severe cases, if left untreated, local effects may
lead to disability, permanent tissue necrosis, or am-
putation [7,8,9]. Given these limitations, the develop-
ment of improved or adjunctive treatments for snake-
bite envenomation is essential. Therefore, scientists
are searching for safer alternative treatment options
that are easier to produce, store, transport, purchase,
and administer, in order to overcome these barriers.

Figure 1.
Viper snake Echis carinatus, also called saw-scaled viper (prepared by B. Fathi)
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In regions where snakebite incidents are prevalent
and access to medical facilities is limited, plant-based
medicine stands as an exceptional reservoir for seek-
ing antivenom. In such regions, herbal remedies may
often be the only treatment available [10,11].

It is worth noting that while herbal medicines
have their advantages, the efficacy of many of them
have not been scientifically investigated, nor have
their active components been identified and isolated
[13]. In some tribal areas of India, sometimes local
populations rely on plant extracts to manage the se-
vere local effects of Daboia russelli russelli (Russell's
viper) envenomation, without any scientific validation

[14]. However, some plant species have demonstrated
scientifically measurable anti-venom properties. For
instance, the Withania somnifera (ashwagandha) has
been shown to neutralize venom of the speckled cobra
[15], and aqueous root extract of Mimosa pudica have
inhibited hyaluronidase and protease activities from
venoms of Indian snake, Naja naja, Vipera russelli and
E. carinatus, in dose dependent manner [16]. These
compounds have natural PLA2 inhibitors and interact
with the active site of PLA2s, proving their efficacy as
anti-inflammatory and antidotes [17].

It has been reported that Tabernaemontana al-
ternifolia root extracts neutralize enzymatic activ-
ities of E. Carinatus and Naja naja venom [18]. The
compounds such as flavonoids, polyphenols, tannins,
sterols, terpenoids, and polysaccharides, found in this
plant, neutralize the venom's hydrolytic enzymes,
specifically phospholipases, proteases, and hyaluroni-
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dase. These compounds effectively interfere with the
harmful effects of the venom [13, 19], thereby pre-
venting the release of inflammatory, vasodilatory, and
vasoconstrictive mediators that typically occur during
envenomation. This, in turn, minimizes damage to lo-
cal tissue, inflammation, myonecrosis, impairment of
vital organs, and modifications in coagulation compo-
nents [13, 20].

Peganum harmala L, (Syrian Rue) is a perennial
plant belonging to the family Zygophyllaceae [21,22].
P. harmala, particularly in its seed, contains a variety
of phytoconstituents mostly bioactive alkaloids [23],
including harmine, harmalol, harmaline, harmol, va-
sicine, vasicinone, deoxyvasicine, deoxyvasicinone,
and several P-carboline [24,25]. These compounds
contribute to the P. harmala’s broad spectrum of ther-
apeutic beneficial properties such as, antidiabetic,
anti-asthmatic, anti-arthritis, antihypertension, anti-
cancer, antimicrobial, anti-inflammatory, antiviral, an-
tidiarrheal, antiemetic, antidepressant, anthelmintic,

Table 1.

Application of different protocols and summary of the experiment results
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and antioxidant effects[26]. In Iranian folk medicine,
burning P. harmala seeds and utilizing the resulting
smoke is a common practice for air disinfection.

There been unverified reports suggesting the use
of P harmala in certain regions of Iran for relieving
bites and stings from various animal sources. How-
ever, these claims have yet to be supported by scien-
tific evidence and research. The present study, aimed
to investigate the potential of P harmala extract as a
treatment for snakebites, marking the first examina-
tion of its effectiveness against the lethal effects of E.
carinatus venom.

Results
Protocol I

In Protocol I, group A served as control group
and received an intraperitoneal injection of E. carina-
tus venom at a dose of 10 mg/kg. The mortality rate in
this group was 100%, and the average time to death
recorded at 80 + 5 minutes
(Figure 2).

Protocol 11

In this protocol, mice in

Protocols Groups ~ hOOF  yengm P Harmala Average fmeto groups B1 and B2 were re-
ceived P Harmala extract at
! A 6 10 . 80 the doses of 15 and 30 mg/
I BI 6 10 15 232 kg, respectively, in combi-
nation with 10 mg/kg of E.
II B2 6 10 30 235 carinatus venom adminis-
tered simultaneously. In this
I C1 6 10 15 246 group, the mortality rate was
100%, and the average time
1 €2 6 10 30 220 to death was 232 minutes in
Group Bl and 235 minutes
v bl o 0 . . in Group B2. These values
v D2 6 10 30 195 were significantly different
from the time to death of an-
v El 6 B 15 Live imals in Group A (p < 0.01).
(Figure 2) (Table 1).
\ E2 6 - 30 Live Protocol 111
In this protocol, ani-
Vi Fl1 6 - 15/Po Live mals in Groups C1 and C2
received P harmala extract
V1 " o _ 30/o Live at doses of 15 and 30 mg/
VI F3 6 i 60/Po Live kg, respectively, 20 minutes

Protocols: I, Group A, only received venom at dose of 10 mg/kg (control).
Protocols: II, Groups B1& B2, received venom at 10 mg/kg along with P. harmala at 15 and 30

mg/kg (simultaneously).

Protocols: III, Groups C1 & C2, received venom at 10 mg/kg and P. harmala at 15 and 30 mg/

kg respectively, after a 15-minute interval.

Protocols: IV, Groups D1 & D2 received venom at 10 mg/kg along with P. harmala at 15 and
30 mg/kg incubated for 30 min prior to injection. The intraperitoneal (IP) route was used for

injection.

Protocols: V Groups E1 & E2 received only P. harmala at 15 and 30 mg/kg orally (IP).
Protocols: VI Groups F1, F2 & F3 received only P. harmala at 15, 30 and 60 mg/kg orally(Po).

Effect of peganum harmala on echis carinatus venom

after being injected with 10
mg/kg of E. carinatus ven-
om. The average time to
death were 246 minutes for
Group C1 and 220 minutes
for Group C2. These values
were significantly different
from the time to death of an-
imals in Group A (p < 0.01)
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(Figure 2) (Table 1).

Protocol IV

In this protocol, groups D1 and D2 received a
pre-incubated mixture of P harmala extract at dos-
es of 15 and 30 mg/kg, respectively, with 10 mg/kg
of E. carinatus venom. The extract and venom were
incubated together for 20 min prior to injection. The
average time to death was 211 minutes in Group D1
and 195 minutes in Group D2. These values were sig-
nificantly different from the time to death of animals
in group A (p < 0.01) (Figure 2) (Table 1).

Protocol V

In this protocol, groups E1 and E2 received only P
Harmala extract at doses of 15 and 30 mg/kg, respec-
tively, via intraperitoneal injection. All mice in these
groups survived, indicating no observable toxic effects
at these dosages.

Protocol VI

In this protocol, groups F1, F2, and F3 received
P Harmala extract at doses of 15, 30 and 60 mg/kg,
respectively, administered orally. All mice in these
groups survived (Table 1). This observation indicates
no toxic effects of the extract at the tested concentra-
tions.

300 -
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Discussion

To date, there has been no documented scientific
research on the interaction between P. harmala and
animal venom particularly the venom of E. carinatus.
The findings of this study provide initial evidence that
P, harmala extract possesses a notable antagonistic ef-
fect against the lethal toxicity of E. carinatus venom.

Statistical analysis confirmed that simultaneous
administering of P harmala extract at doses of 15 and
30 mg/kg with the venom significantly increased the
average survival time compared to the control group.
Interestingly, this protective effect did not appear to
follow a strict dose-dependent pattern. In fact, in-
creasing the dose from 15 to 30 mg/kg resulted in a
decrease in average survival time in some groups (C2
and D2). Although P. harmala extract did not fully
neutralize the lethality of E. carinatus venom, it sig-
nificantly increased the average survival time of the
tested animals. The mechanism underlying this pro-
tective effect remains unclear. Previous studies on oth-
er plant-derived compounds have suggested different
mechanisms, that maybe could also potentially apply
to P harmala as well.

Importantly, the extract of P. harmala did not ex-
hibit any toxic effects on its own at different dosage
levels, whether administered through injection or oral
administration. This observation supports its potential
safety as a therapeutic agent at these con-
centrations. Nonetheless, it is important to
note that P. harmala extract can be toxic at
higher orally doses [22]. The antagonistic
effect of extract when combined with ven-
om, may suggest it's possible interference
with the venom's molecular interactions.
The exact mechanism is still unknown.

The venom of E. carinatus consists of
PLA:, hyaluronidase, and Zn?** metallopro-
tease, it's known for potent hemorrhagic
and procoagulant effects. [4,16]. PLA:
enzymes are particularly damaging due to
their ability to hydrolyze phospholipids in
cell membranes, leading to the rupture of

195b

1 I 220b
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I
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|

erythrocytes and capillaries, and resultant

Groups

Figure 2.

Display the Mean and standard deviation of the survival time for different treat-
ments groups. Values that are followed by different superscript letters (a, b) in-

dicate a significantly difference at the level of (p < 0.05).

Group A, received only venom at 10 mg/kg, Groups B1& B2, received venom at
10 mg/kg along with P. harmala at 15 and 30 mg/kg (simultaneously).
Groups C1 & C2, received venom at 10 mg/kg and P. harmala at 15 and 30 mg/

kg respectively, after a 15-minute interval.

Groups D1 & D2 received venom at 10 mg/kg along with P. harmala at 15 and
30 mg/kg incubated for 30 min prior to injection. The intraperitoneal (IP) route

was used for injection.
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hemorrhage [27]. Beyond bleeding, these
enzymes can induce various systemic ef-
fects, including cardiotoxicity, myotoxic-
ity, neurotoxicity (both pre or post-syn-
aptic), edema, hemolysis, hypotension,
convulsion and platelet aggregation [28].
In addition to PLA2, the zinc-depen-
dent metalloprotease found in viper ven-
om including that of E. carinatus, degrade
the endothelial linings of blood vessels, re-
sulting in spontaneous hemorrhage [29].
The synergistic action of metalloprotease

Effect of peganum harmala on echis carinatus venom
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and PLA: is responsible for the release of endogenous
inflammatory mediators, promotes local edema, and
increased free radical formation at the bite site.

It is possible that the hemorrhagic activity of this
venom is interfered by the P. harmala extract com-
ponents. These compounds may have antagonistic
effects with the metalloprotease and PLA: activities
or chelate metal ions such as Zn** or Ca?*; which
are essential cofactors for the enzyme’s functionality
[30,31].

Previous research have been reported with oth-
er plant extracts. For example, Andrographis panic-
ulata and Aristolochia indica have demonstrated the
ability to block the hemolysis caused by E. carinatus
venom in agarose-erythrocyte gels [32]. Likewise ,
Horsfieldia amygdaline is a plant from which PLA>
inhibitors have also been extracted [33]. Also, it has
been reported that Vitis vinifera extracts have shown
efficacy in neutralizing venom induced edema [34]. It
is plausible that P. harmala extract operates through a
comparable mode of action, which contains numer-
ous anti-inflammatory and active chemical constitu-
ents These include phenolic compounds, amino acids
(such as phenylalanine, valine, histidine, and glutamic
acid), flavonoids (such as coumarin, tannins), sterols,
and toxic alkaloids known as p-carbolines (which in-
clude Harmine, Harmaline, Harmol, and Harmalol)
[25,24]. These P-carbolines have an affinity for mul-
tiple receptor type, such as serotonin, muscarinic,
histamine, and benzodiazepine [35]. We can assume
that the extract of P harmala extract interferes with
interaction between the specific receptors and their
counterpart components present in the venom of E.
carinatus , thereby potentially diminishing the ven-
om's lethal potency.

In addition to receptor- level effects, several stud-
ies suggest that the bioactive alkaloids, harmaline and
harmine, possess the capability to interfere with var-
ious enzymatic activity. Harmaline and harmine are
selective inhibitors of monoamine oxidase (MAO),
an enzyme responsible for the degrading crucial neu-
rotransmitters, such as serotonin, dopamine, and nor-
epinephrine [36].

Some snake venoms can block acetylcholine re-
lease and inhibit the neuromuscular junction [37]. In-
terestingly, P. harmala’s substances has demonstrated
the ability to inhibit acetylcholinesterase and butyr-
ylcholinesterase. Inhibiting acetylcholinesterase can
lead to the accumulation of acetylcholine, prolonging
muscle stimulation and delaying paralysis [38].

Another critical avenue through which snake
venom often exerts its toxicity is through the gen-
eration of reactive oxygen species (ROS), leading to
oxidative stress, inflammation and tissue damage. P
harmala has been found to possess strong antioxidant
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properties, known as 2, 2-diphenyl-1-picrylhydrazyl
(DPPH). Its P-carbolines have shown considerable
anti-inflammatory and antioxidant properties, which
can effectively neutralize ROS. This ability to reduce
oxidative stress, inflammation, and pain potentially
contributes to its antivenom activity against E. carina-
tus venom” [39].

Conclusion

In conclusion, our study demonstrates that the
extract of Peganum Harmala effectively extract pos-
sesses significant protective effects and can delay the
lethal toxicity of Echis. carinatus venom. Consequent-
ly, it can be considered as an adjunctive therapy to
complement standard clinical treatments, particularly
in remote areas where immediate access to healthcare
facilities and anti-venom is limited.

Materials and Methods
Ethical Considerations

Compliance with ethical guidelines: The proposal and ex-
periments were approved by the Animal Ethical Committee
of our Faculty of Veterinary Medicine. (Ethics code IR.UM.
REC.1401.171).

Venom

The freeze-dried crude venom of E. carinatus was kindly pro-
vided by the Razi Vaccine and Serum Research Institute (Karaj,
Iran). It was stored at 4°C and freshly prepared by dissolving it in
a sterile saline to a final volume of 500 pl prior to administration.

Preparation of Peganum harmala extract

The P. harmala plants were harvested from agricultural fields
near the city of Sabzevar (36°12'45"N and 57°40'35"E), located
in the western region of Razavi Khorasan province in Iran. The
species was identified at the Herbarium of Ferdowsi University
of Mashhad (13613-FUMH). After drying the plant material in a
dark room at 28 + 4 °C for two weeks, the black seeds were sep-
arated and ground into a fine powder. Ethanolic extraction was
carried out at Department of Pharmacognosy, Faculty of Phar-
macy, Mashhad University. About 100 grams of the powdered
seeds were poured into a 500 ml Erlenmeyer flask, and 300 ml of
methanol was added until the solvent covered the powder by ap-
proximately 2 cm. The mixture was stirred, covered, and kept in a
dark location for 48 hours. Then the upper portion of the solution
was filtered using Whatman no. 1 filter paper. Additional meth-
anol was added to the sediment portion and stirred for 30 min-
utes, and this process was repeated multiple times until the upper
phase of the solution turned completely colorless. The resulting
solution was subjected to a vacuum rotary evaporator (IKARV
10, Germany) set at 45 °C and 60 rpm. . The solvent was gradually
evaporated, eventually yielding a viscous extract. The extract was
then transferred onto a plate and oven-dried to fully remove re-
sidual solvent. Finally, the extract was wrapped in aluminum foil
and stored in a refrigerator at 4°C. Initial efforts to dissolve the
extract using conventional solvents were unsuccessful. Ultimately,
it was found that the most effective method involved dissolving
the extract in 2 Normal HC followed by pH adjustment to 7.5
using NaOH , resulting in a stable and fully soluble preparation.
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Animals

A total of 72 healthy adult albino mice (8-10 weeks and weigh-
ing 35+5 grams) were obtained from the Animal House at Mash-
had University of Medical Sciences. The mice were housed in the
animal facility at Faculty of Veterinary Medicine, with controlled
environmental conditions including a 12:12 light-dark cycle, a
temperature of 22+3°C, and a relative humidity of 55+10%. An-
imals were maintained in standard rodent cages with free access
to food and water. All experimental protocols were approved by
the Animal Ethics Committee at Ferdowsi University of Mashhad
(code: IR.UM.REC.1401.171).

Experimental protocols

The study was designed using six experimental protocols (I-
VI) (Table 1). involving 12 equal groups of mice (n = 6 per group):
A, B1, B2, C1,C2,D1, D2, El, E2, F1, F2 and F3.

Protocol I (control): group A received only E. carinatus venom
ata dose of 10 mg/kg intraperitoneally (IP). Protocol II: groups B1
and B2 were treated with 15 and 30 mg/kg of P. Hermala extract,
respectively, simultaneously with 10 mg/kg of venom (IP). Proto-
col III: group C1 and C2 were treated with 15 and 30 mg/kg of P.
Hermala extract, respectively, 20 minutes after receiving venom at
10 mg/kg (IP). Protocol IV: group D1 and D2 received a mixture
of venom and P. Hermala extract (15 and 30 mg/kg, respective-
ly), that were pre-incubated at room temperature (26+2°C) for
20 minutes before IP injection. Protocol V: groups E1 and E2 re-
ceived only P. Hermala extract at doses of 15 mg/kg and 30 mg/kg,
respectively, via IP injection. Protocol VI: groups F1 and F2 and
F3 received only P. Hermala extract orally at doses of 15, 30 and
60 mg/kg, respectively. The survival time of each animal after the
administration of venom, extract or venom-extract combinations
was recorded in minutes. These values were statistically compared
with the across groups.

Statistical analysis

Data are presented as mean + SEM. All the results were ana-
lyzed using SPSS-19 (SPSS Inc., Chicago, Illinois). One way anal-
ysis of variance (ANOVA) was used, followed by a post-hoc anal-
ysis using a Tukey test. A p-value of less than 0.05 was considered
statistically significant.
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Changes in the Uropygial (preen) gland in Fulani eco-
type chicken (gallus gallus domestica) a post-hatch
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ABSTRACT

The Uropygial (Preen) gland, located dorsocranially to the pygostyle and rectrices in birds, is a bi-lobed
structure responsible for secreting oil for plumage maintenance. This study investigated the morphological
and histological features during post-natal development in the Fulani Ecotype chicken (Gallus gallus domes-
tica) with the aim of documenting anatomical information that will be useful for further biomedical and
embryological studies. A total of 56 Fulani Ecotype chickens were sampled, and studied across four develop-
mental phases, with each phase comprising 7 males and 7 females. For each bird, live body weight, uropygial
gland weights and preen oil weights were documented. Morphometric characteristics of the excised gland
were documented before extraction and measuring the preen oil. Additionally, uropygial glands from se-
lected birds per phase were excised, and fixed in 10% buffered formalin solution for gross and histological
analysis. The gland appeared as early as week 2-3 post-hatch, presenting two pear shaped lobes and a short
papilla. Three layers of the secretory cells were recognised at 7-8 months post hatch. The results confirm
that uropygial gland of the Fulani ecotype chicken develops early, at week 2-3 post hatch, and that its weight
increases with the body weight, reaching full histological development between 7-8 months post hatch.
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Introduction
Te Nigerian indigenous chicken is one of the
major sources of dietary protein to the Ni-
gerian people. With an estimated population of 180
million birds, Nigeria hosts the second largest chicken
population in Africa, following South Africa [1].
Indigenous Nigerian chickens are classified into
two main ecotypes based on their geographical dis-
tribution: the Fulani Ecotype and the Forest savannah
(Yoruba) Ecotypes [3]. The Fulani Ecotypes often re-
garded as the “heavy ecotypes’, is found in the Sahel,
guinea savannah parts of Nigeria, cattle Kraals, and
Montane regions of the north [4]. Adaptation to envi-
ronmental conditions, such as rainfall and humidity,
is critical for these birds. One adaptive mechanism in-
volves the secretion of oil from the uropygial (preen)
gland to waterproof and maintain their feathers [5].
The Uropygial gland is a well-recognized feature
of most bird species [6]. Structurally, it is bi-lobed and
encapsulated by irregular connective tissue composed
of collagen, elastic and reticular fibres [7]. Its secretory
tubules comprise four cell layers: a germinative layer
(basal), an intermediate layer, a secretory layer and a
degenerative layer [8].
The Oleaginous secretion of the preen gland is a  Figure 1.
combination of extruded cells, ester waxes, fatty acids, ~ Photographs showing in situ position of the Preen gland (arrow)
fat and secretory granules [9]. Its chemical com posi- ;)f the Fulani ecotype chicken as seen at the base of the tail (Week
. . o1 ) . -3).
tion varies both within and across bird species [10].
Beyond maintenance of feather integrity, the gland is
also of current interest because it provides source of
chemicals used for communication in birds. While
its anatomy has been investigated in species such as =
Kiwi [6], ducks [11] and gulls [12], limited informa-
tion exists on post-natal developmental changes, par-

bbb antinl

ticularly in indigenous breeds like the Fulani Ecotype. =
This study aims to examine the gross morphological -
and histological development of the uropygial gland N

in Fulani ecotype chickens to address existing gaps in 5
the literature regarding avian gland development. e =
Result

Gross morphology Figure 2.

The Preen gland of the Fulani ecotype chicken  Photograph of the excised preen gland of the Fulani ecotype
was located at the base of the tail, situated between chicken with circlet feathers (arrow heads) (Week 2-3).
the fourth caudal vertebra and the pygostyle (Fig. 1).
It was made up of two pear shaped lobes and a short,
nipple like papilla. Each papilla was surrounded by ~Morphometry
5-7 tufts of fine downy circlet feathers (Fig. 2), depict- The means weight and standard deviations of the
ing a type 2 circlet arrangement, as classified by13. preen glands and preen oils (measured in grams) across
The gland was observed as early as week 2 - 3 of age genders and growth phases were compared to the live
and continued to develop and function throughout body weights of the birds and the significant differences
the growth of the bird . across groups were obtained. The weights showed sig-
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nificant differences across the age groups (p < 0.001)
(Table 1). Age gender related difference in the live
body weight, preen glands weight and preen oils
quantity were evident starting from the chick stage
(Table 2).

A marked statistically significant difference exist-
ed between the weights of the preen gland and preen
oil in both male and female birds (Table 3). Howev-
er, there was no significant difference between the
gland weights of male and females. Notably, at 18-24
months of age, the weight of the preen oil in males
was significantly higher than in females (Table 3).

From age 2-3 months onward, the weights of
both the preen gland and its oil increased in weight

Table 1.

IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

in both sexes. This growth is likely associated with ris-
ing metabolic and hormonal demands, as well as the
necessity of maintaining feather hygiene. (Table 3).

Histology

In the early developmental phase (weeks 2-3), the
secretory tubules of the Fulani ecotype chicken’s preen
gland showed minimal secretions in their lumens,
and the parenchyma was not fully developed. Cellular
stratification was poorly outlined due to widely spread
parenchyma tissue. Nonetheless, distinct cellular ag-
gregations or granules, ranging from spherical and
oval to ecliptic shapes, were observed throughout the
developing preen gland (Fig. 3).

Mean + Standard Deviation of the Weights of Preen Oil, Preen Gland and Live Birds.

Postnatal Growth Phases (n = 6 per growth phase)

Parameters (Mean + S.D) Sex
2-3 weeks 2-3 months 7-8 months 18-24 months
Male 33.94 + 3.09 427.00 + 63.00° 969.67 £ 111.70 ¢ 1090.67 + 417.21 ¢
Bird Live Weight (g)
Female 32.35+0.87 229.67 +37.82? 931.33 £+ 79.86 ¢ 1279.67 + 174.08 ©
Preen gland Weight (g) Male 0.10 + 0.01 0.40 + 0.08 ® 0.74 +0.18 ¢ 0.86+0.25°¢
Female 0.04 £ 0.01 0.45+0.02¢ 0.77 £0.02 ¢ 0.90 £0.07 ¢
Male 0.01 £0.01 0.05 £ 0.02 0.15+0.03°¢ 0.43 £0.07¢
Oil weight (g)
Female 0.02 £0.01 0.07 £0.03° 0.09£0.07 ¢ 0.12 £0.07¢

* = significant (p < 0.05, ® = very significant (p < 0.005), © = extremely significant (p < 0.001).

Table 2.

Comparisons of the Mean * Standard Deviation of the Weights of Preen Oil, Preen Gland and Live Birds

Features 2-3weeks  2-3 months 7-8 months  18-24 months
Male vs female live weights Male ns ns ¢ a
Male vs female preen gland weights Female ns b c b
Male vs female preen oils weights Male ns ns c ns

ns b c b
Weight of gland vs Weight of oil Female

ns ns b s

C c c c
Relative weight of pineal gland Male

C c c c

C c c c
Relative weight of pineal oil Female

C

c c c

ns = not significant at p = > 0.05; * = significant (p < 0.05, ®= very significant (p < 0.005), = extremely significant (p < 0.001),

Vs= Versus
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Relationship between the mean live weight, mean gland weight and mean oil weight of Fulani ecotype chicken during four

post-natal growth phases.

Pearson’s correlation coefficients (r)

Correlated parameters Male (n=3) Female (n=3) Bo(tll: ;;’;‘ es
Mean live weights vs mean
0.9994** 0.9460" 0.9833*
gland weights
Mean live weights vs mean oil
0.8395» 0.2468" 0.8918»

weights

* = Significant correlation (P < 0.05) *** = Highly significant correlation (P < 0.001)

Versus.
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n = Non significant correlation, vs=

Micrograph of the Preen gland in a 2-3-week-old chicken. A: Depicts thick connective tissue septae (S) demarcating poorly lume-
nized developing secretory tubules (T). H&E X 40. B: Depicts poorly arranged glandular cells. H&E X 400.

At 2-3 months, secretory tubules were separated
by thick connective tissue septae. The structure was
non-classical luminization, and lacked capsule, with
few blood vessels and haphazard cellular arrange-
ment (Fig. 4). Subsequent developmental stages were
characterized by developed states of the preen gland.
The organization, size and the overall parenchyma of
the secretory tubules were improved, leading to im-
provement in preen oil secretion levels. Black spotted
bodies were replaced by secretory cells, forming tri-
partite cellular strata (Fig. 4).

The parenchyma continued to develop at the sec-
ond developmental phase (4-6 months). At this stage,
the secretory tubules were separated by thinner con-
nective tissue septae and exhibited clearly defined lu-
menes The arrangement of the secretory tubule cells
improved significantly (Fig. 5).

By 6-9 months, secretory tubule cells were orga-
nized into three distinct layers: basal layer of cuboidal
cells adjacent to the basement membrane, an inter-
mediate layer of polyhedral cells, and a secretory lay-
er that had more secretory vacuoles, adjacent to the
tubular lumen. As the cells neared the tubular lumen,
their cytoplasm vacuolization and size increased, due

Jaji et.al,, IJVST 2025; Vol.17, No.3
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Figure 4.

Micrograph of the Preen gland in a 2-3 month old chicken
depicting thin connective tissue septae (S) demarcation of secre-
tory tubules and clearer tubular lumen (L). The cells (C) of the
tubules were better arranged. H&E X 100.

Fulani ecotype Preen gland developmental features
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Figure 5.
Micrograph of the Preen gland in a 4-6 month old chicken de-
picting the dense irregular and elastic connective tissue (CT) and
smooth muscle (SM) fibres that make its thick capsule. The cap-
sule is vascularized (V) and septae (S) into the glandular paren-
chyma to separate the secretory tubules (T). H&E, X 40.

to their increasing secretory content (fig. 6).

At 18 - 24 months post hatch, the gland showed
numerous simple, branched tubular secretory units
that terminated blindly near the capsule. The entire
gland was enclosed in a thick capsule composed of
dense irregular, elastic, adipose and smooth muscle
tissues. The capsule divided the gland into two sep-
arate lobes, was vascularized and innervated, and ex-
tended septae into the substance of the parenchyma of
each lobe. These septae demarcated secretory tubules,
and established a linkage of drainage channels to a
central canal, which ultimately opened to the exterior
through the papilla (Fig. 7).

Figure 6.
Micrograph of a fully developed Preen gland in a 6- 9 month
old chicken depicting layers of i) basal cells (B), ii) intermediate
cells (I) and iii) secretory cell (S) of a secretory tubule. The basal
cells (cuboid shaped) are next to the basement membrane (BM),
H&E X 400.

Fulani ecotype Preen gland developmental features
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Figure 7.

Micrograph of a fully developed Preen gland in a 6-9 month old
chicken depicting layers of i) basal cells (B), ii) intermediate cells
(I) and iii) secretory cell (S) of a secretory tubule. The basal cells
(cuboid shaped) are next to the basement membrane (BM), H&E
X 400.

Discussion

In this study, the uropygial gland of the Fulani
ecotype chicken was located between the fourth cau-
dal vertebra and the pygostyle, dorsally positioned
above the levator caudalis muscle at the base of the
tail. This anatomical positioning aligns with report on
uropygial Glands of most birds [14], which describe
the gland as being dorsally and medially located with-
in the synsacocaudal region and visible to the naked
eye. The Uropygial gland of Fulani ecotype chickens
exhibited a bi-lobed, conical flask-like structure, each
lobe featuring a single opening, along with short nip-
ple-like Uropygial papilla situated dorsocaudally to
the gland. Preen glands have been observed in a va-
riety of configurations, for instance a heart-shaped
preen gland with a broad bean-sized base was doc-
umented in Ankra putra chickens [15]. Howev-
er, according to [16] the duck's uropygial gland has
different development pattern, suggesting that gland
size may not serve as a significant determinant in this
species.

The uropygial gland plays a crucial role for pre-
serving feather hygiene and integrity, regardless of
feathers shape [18], preening, and dust bathing [19].
These could be one of the main reasons for the uropy-
gial gland's growth at week 2-3, which coincides with
the formation of feathers.

According to [20], in chicken, the uropygial papil-
la is long and thin; in turkey; it is broad and short; in
geese, it has two openings; and in musk ducks, it is
absent altogether [21]. Additional reports describe
the papilla as being slightly above the tail and nipple
shape [14]. A connective tissue separates clearly sepa-
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Figure 8.
Micrographs of the parenchyma of the Preen gland in an 18-24-month old chicken. Depicting connective tissue septae (S) demar-
cating its secretory tubules (T) and linking drainage tributaries (Arrow) to the central canal (CC) H&E X 40.

rates the papilla from the gland lobes [22].

At week 2-3 of age, each papilla is surrounded by
5-7 tufts of fine downy circlet feathers, forming a type
2 circlet arrangement accordance with the classifica-
tion by Johnston 1988. This arrangement supports
previous findings [21,14]. According to [21], the cir-
clets help smear the oily secretion onto the bill.

The live bird weights and their preen gland
weights continuously grow, with the exception of the
female's preen oil. This is consistent with other obser-
vations, like those of [22] on wild rock pigeons (Co-
lumbia livia) and [23] on the helmeted guinea fowls,
where males generally exhibit higher weights than fe-
males of the same species.

Due to its holocrine form, along with its close re-
lationship between the histology of fowl and guinea
fowl, the uropygial gland of the Fulani ecotype chick-
en corresponds with the mammalian sebaceous gland
[24]. The preen gland is surrounded by an irregular
connective tissue capsule made up of adipocytes and
smooth muscles in domestic ducks [25], although this
smooth muscle component is reportedly absent in ki-
wis [26]. Smooth muscle is necessary for contraction,
which leads to the opening of primary ducts and the
ejection of secretion from the gland; however, there
are other supportive systems in existence to compress
secretions, therefore the lack of this smooth does not
imply a lack of secretion [27].

In this study in order to develop and link its
drainage channels to a central canal, which is then
drained to the exterior by the papilla, the capsules
were vascularized and sent septae into the substance
of the parenchyma of each lobe, demarcating secreto-
ry tubules. According to [28], the gland is made up of
a lot of simple branched tubular secretory units end-
ing blindly close to the capsule. Its holocrine nature is
demonstrated by cellular fragmentation in the tran-
sitional layers of secretary tubules, as seen in guinea
fowls [29].

At 2-3 weeks post hatch, interfollicular septae
were poorly visible. This demonstrates that interfol-
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licular septae develops lobules of follicular cells as
the chicken grows. The thickness of the interfollicular
septae varies between species. The interfollicular sep-
tae are narrow in Indian peafowl and thicker in water
rails [30].

The glandular zones present in the secretory tu-
bules were separated into a peripherally greater outer
zone near the tubular wall, bordered with stratified
epithelium, and proportionally a lesser interior zone
of larger cells adjacent to the lumen.

Between the formal layer and the bottom layer,
which is made up of the tiniest cells that border the
basement membrane, is an intermediate zone of rel-
atively smaller cells. This finding is consistent with a
prior work by [31]. In this study, the basal layer cells
had a low cuboidal shape. They make up the top two
layers of the secretory tubules' glandular cells. The cy-
toplasm of the cells in this layer is highly basophilic
and darker than the cytoplasm of other guinea fowl
cells, and the nuclei of these cells are spherical and
darkly pigmented [7]. The Gallus domestica lack this
exhibition.

Conclusion

This study concluded that there is a relationship
existing between age of the Fulani ecotype chicken
to the weight of the gland and sex. From micromor-
phological perspectives, the preen gland at week 2- 3
was undeveloped lacking a well-formed capsules, sep-
tae and cellular layers. These structures began to fully
form from 6-9 months post Hatch. Having conclud-
ed with the above statement, it should be noted that
limitations to this study may include sample size and
environmental factors such as temperature and hu-
midity.

Fulani ecotype Preen gland developmental features
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Materials and Methods
Ethical approval

Ethical approval for this study was obtained from the institu-
tional Animal care and Use Committee (IACUC) of University of
Tlorin (Reference Number: FVM/UERC/0012021).

Animals

A total of fifty-six (56) Fulani ecotype chickens obtained from
local backyard poultry farms in Ilorin metropolis (8.4882° N,
4.5341° E), llorin, Kwara state, Nigeria. All micro morphological
study was carried out at the Veterinary Gross Anatomy Labora-
tory, Faculty of Veterinary Medicine, University of Ilorin, Ilorin,
Kwara state, Nigeria. The birds were housed in a ventilated facili-
ty and provided food and water ad libitum for one week prior to
experimentation.

Study design and data collection

The birds were grouped into 4 phases of development with
each group having 7 males and 7 females. Thus: the chick phase
(2-3-week-old), the young phase (2-3-month-old), the young adult
phase (6-9-month-old) and the adult phase (18 - 24 Months). Live
body weight (g) of each bird was measured using a Harvard trip
weighing balance (Citizen® with 0.1 g - 100 kg range). The in-situ
anatomical location of the preen gland was documented in each
case. After humane slaughter, the gland were excised, weighed us-
ing a Golden-Metler electronic balance (U.S.A., GF-300 Analytical
Balance 310 * 0.001g, (A&D Weighing, India), and photographed
using a digital camera (Nikkon Coolpix A100). Preen oil was then
squeezed and weighed using the same balance.

For histological analysis, preen glands from two birds (one
male and one female) per developmental phase were excised, and
fixed in 10 % buffered formalin solution for processing onto histo-
logical slides. The prepared slides were viewed under the Olympus
microscope. Micrographs were captured using the AMscope 500
microscope software (Figure 8).

Statistical analysis

Descriptive statistics (Mean + SD) were carried out using
the Microsoft excel worksheet (Microsoft office 2013 software,
Microsoft®©). Inferential statistics analyses, including analysis of
Variance, were carried out using the GraphPad software (Graph-
Pad prism 5) to compare means across age and gender groups.
Pearson’s correlation coefficient of Graph pad prism version 5.0
was also used to assess the relationship between live weight, gland
weight, and oil weight. A p-values of less than 0.05 was considered
statistically significant.
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ABSTRACT

This study investigates the therapeutic potential of neem (Azadirachta indica) extract as a topical remedy
for mange in West African Dwarf (WAD) goats, a breed commonly raised in Southern Nigeria and are af-
fected by mange, which negatively impacts animal welfare and productivity. Twelve mange-infected goats
were randomly assigned to three treatment groups: T1 (10 ml ivermectin pour-on), T2 (5 ml neem extract
+ 5 ml ivermectin), and T3 (10 ml neem extract). Treatments were administered topically over 14 day peri-
od. Clinical evaluations included skin scrapings, red blood cell (RBC), white blood cell (WBC) and serum
biochemical indices. Phytochemical analysis of the neem extract revealed notable concentrations of alka-
loids, saponins, and phenols. Post-treatment observations showed improvement in skin condition across all
groups. Notably, T2 goats exhibited significant increases in RBC and WBC counts (p < 0.05). Differences in
serum biochemical indices, particularly potassium, were also noted. The findings indicate that neem extract,
can serve as an effective alternative or adjunct treatment to ivermectin for mange control in WAD goats.
Its use may be particularly beneficial in local environments with poor accesibility to conventional drugs,
contributing to improve animal health and production outcomes.
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Introduction

Achieving food security, a central objective of the
Sustainable Development Goals, is closely tied to the
availability of animal-sourced proteins. This under-
scores the importance of evaluating and implement-
ing effective strategies to enhance animal production
systems [1]. However, numerous factors limit optimal
animal productivity, including management challeng-
es, limited feed availability, and the prevalence of par-
asitic infestations and diseases [2].

One of the prevalent parasitic diseases affecting
the WAD goats, particularly in Southern Nigeria is
mange [3]. Mange is a parasitic skin disease caused by
infestation of the epidermis and hair follicles by mites
or lice. This condition affects a wide range of mamma-
lian hosts, including companion animals, livestock,
and occasionally humans. The condition is character-
ised by clinical signs such as intense pruritus, restless-
ness, excessive scratching and rubbing against surfac-
es, alopecia, fatigue, reduced growth performance, and
cutaneous skin lesions. In livestock, mange presents a
significant welfare and economic burden, particularly
in severe infestations. Economic losses are attributed
to reduced weight gain, compromised skin and fleece
quality, anaemia, poor body condition, diminished
milk and meat yields, and impaired reproductive per-
formance, such as suboptimal lambing and kidding
rates [4, 5, 6]. Mange affects animals of all ages and is
often more prevalent under poor management con-
ditions. Mange mites are considered among the most
detrimental ectoparasites in livestock management.
Transmission is primarily through direct contact with
infected animals [7]. Although a variety of ectopara-
siticidal drugs are commercially available for mange
treatment, high costs and limited accessibility make
their use difficult, especially among smallholder and
subsistence farmers. As a result, despite significant
advances in modern veterinary medicine, traditional
medicinal practices remain a primary means of dis-
ease management in many rural communities [8].
Numerous medicinal plants have been documented to
exhibit antiviral, antifungal, antibacterial, analgesic,
and antipyretic activities, suggesting their potential as
alternative therapeutic agents for ectoparasitic infec-
tions [9]. Most medicinal plants are considered safe,
cost-effective, and generally free from issues associ-
ated with drug resistance and residual toxicity [10].
Neem (Azadirachta indica A. Juss.), is a highly rec-
ognized multipurpose plant, with a broad spectrum
of biological activities. Phytochemicals derived from
medicinal plants have shown significant promise due
to their diverse biological effects and potential medic-
inal applications, making them valuable resources for
the development of pharmaceuticals, industrial prod-

Ojoawo et.al., IJVST 2025; Vol.17, No.3
DOI:10.22067/ijvst.2025.93101.1504

39

RESEARCH ARTICLE

ucts, and the integrated management of agricultural
pests [11]. Neem, in particular, is often referred to as
a panacea for various dermatological conditions [12].
It was reported that crude aqueous extract of neem
20% concentration has been shown to possess acari-
cidal efficacy comparable to ivermectin, as it did not
induce hepatic and renal toxicity, and it has been as-
sociated with improved growth performance in rab-
bits infected with Sarcoptes scabiei var. cuniculi [7].
Given its therapeutic potential, it is worthwhile to
evaluate the efficacy of neem leaves in the treatment
of mange. This study was therefore, investigates the
effectiveness of topical neem leaf extract compared
to ivermectin in the treatment of mange in infected
WAD goats.

Result
Biochemical Composition of Neem Extract

The biochemical composition of neem extract
and ivermectin pour-on is summarized in Table I.
The neem extract contained notable levels of alkaloids
(0.468%), saponins (0.379%), and phenols (0.189%),
with alkaloids being the most abundant bioac-
tive compound. Glycosides (0.185%) and tannins
(0.0033%) were present in moderate amounts, while
other compounds were found in trace quantities.

Histopathological Changes

Histological analysis of skin samples before treat-
ment (Figures I a, II a, and III a) revealed hyperker-

Table 1.
Biochemical composition of the neem extract
Parameters %bl;c»:lrl\tr:ttll‘(’)en Phyto Q(l(;f)l;ltitative

Neem extract
Alkaloids +++ 0.4680 £ 0.05
Tannin ++ 0.0033 +0.03
Phlobatannin + 0.0011 +0.04
Saponin +++ 0.3790 = 0.07
Flavonoids + 0.0014 + 0.05
Terpenes + 0.0080 = 0.10
Steroids + 0.0012 +0.08
Anthraquinones  + 0.0026 + 0.05
Phenol +++ 0.1890 + 0.02
Chalcones + 0.0006 + 0.02
Glycosides ++ 0.1850 + 0.02
Cardenolides + 0.0050 + 0.01

+++ = PRESENT in an appreciable amount, ++ = PRESENT in a

moderate amount, + = PRESENT in a trace amount

Neem Leaf Extract as a Treatment for Mange in WAD Goats
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atosis and atrophy, indicative of extensive damage
caused by mange infection. After treatment (Figures
I b, II b, and III b), the epidermis of the treated WAD
goat skins appeared normal with moderate cellular in-
filtration. Notably, animals treated with neem extract
exhibited minimal cellular infiltration compared to
the other groups .

Haematological changes

Table II presents the haematological indices of
the WAD goats before and after topical treatment
with neem extract and ivermectin. Prior to treatment,
significant differences were observed in RBC count,
haemoglobin concentration, MCH, MCHC, plate-
let count, RDW-CV, and PDW among experimental
groups (p < 0.05). However, WBC count, haemato-
crit, and MCV showed no significant differences (p

Neem Leaf Extract as a Treatment for Mange in WAD Goats
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> 0.05). Post-treatment, signiﬁcant increases were
observed in WBC, RBC, MCV, MCH, MCHC levels
across all experimental groups after treatment (p <
0.05). However, haemoglobin and haematocrit levels
did not change significantly (p > 0.05). A notable rise
in PDW and the percentage of large platelets was ob-
served in groups T1 and T2.

In particular, animals treated with a combina-
tion of 5 ml neem extract and 5 ml ivermectin (T2)
demonstrated significant changes (p < 0.05) in RBC
count, haemoglobin concentration, haematocrit,
RDW-CV, PDW, and MPV. However, no significant
differences were found in WBC, MCV, MCH, MCHC,
platelet count, or PLCR among treatment groups (p >
0.05). Goats treated with either 10 ml ivermectin (T1)
or 10 ml neem extract (T3) showed no significant dif-
ferences between each other (p > 0.05).

Figure a.

I: The extent of tissue damage as a re-
sult of mange infection is evident in the
image. The two representative image
samples from animals in the treatment
revealed hyperkeratosis (thickening
of the skin), scabs and inflammation,
symptoms of untreated mange. II: The
two representative image samples from
animals in the treatment revealed scabs,
hyperkeratosis (thickening of the skin),
inflammation, and alopecia, which are
symptoms of untreated mange. III: The
two representative image samples from
animals in the treatment revealed at-
rophy of the epidermis, hyperkeratosis
(thickening of the skin), scabs, inflam-
mation, and alopecia, which are symp-
toms of untreated mange.
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Serum Biochemical Indices

Table III presents the serum biochemical pa-
rameters and mineral levels of the WAD goats pre
and post topical treatment with neem extract and
ivermectin. For most measured indices, no signifi-
cant differences were observe (p > 0.05). However,
potassium levels showed a significant change after
treatment (p < 0.05).

Discussion

The biochemical analysis of neem extract revealed
significant concentrations of alkaloids (0.468%), sa-
ponins (0.379%), and phenols (0.189%). These bio-
active compounds are known to possess antiparasitic
properties, which likely contributed to the neem ex-
tract’s effectiveness against mange [12]. Specifically,
biochemical constituents such as saponin and aza-
dirachtin, may increase the healing rate, and thus the
animal can increase its feed intake. Saponin is one of
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Figureb.

I: After the treatment of the mange infected
West African dwarf goats with Ivermectin
(T1), the histopathological analysis revealed
that the epidermis is normal but there is
moderate cellular infiltrate in the dermis.
II: After the treatment of the mange infect-
ed WAD goats with Ivermectin and neem
leaf extract (T2), the histopathological anal-
ysis revealed that the epidermis is normal
but there is moderate cellular infiltrate and
hyperplasia of peri-follicular. III: After the
treatment of the mange infected WAD goats
with neem leaf extract (T3), the histopatho-
logical analysis revealed that the epidermis is
normal with a few cellular infiltrates in the
dermis.

the major constituents of neem that is responsible for
the treatment of skin diseases. Alkaloids and saponins
were responsible for the positive effect of the neem
leaf extract on the mange-infected WAD goats. Sapo-
nins are reported to have antibiotic, antifungal and
antiviral activities [13].

Neem has been traditionally used as an herbal
remedy for various parasitic infestations, with studies
showing that its active constituents can exert acaricid-
al, antibacterial, and antifungal activities [14 and 7].
In the current study, moderate amounts of glycosides
(0.185%) and tannins (0.0033%) in neem extract sug-
gest their potential role in enhancing the therapeutic
properties, as both tannins and saponins are known
for their antimicrobial and anti-inflammatory effects
[14]. The ivermectin pour-on, with its active ingredi-
ent at 5 mg/ml, aligns with standard concentrations
used for treating mange in livestock and was included
as a conventional treatment for comparison.

Histopathological examination of skin samples

Neem Leaf Extract as a Treatment for Mange in WAD Goats
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Parameter Ol LGRS Tmneem gy
neem extract
White blood Cell Count  Before 6.85" 9.90y 8.73 0.65
(* 103pL) After 18.00% 17.13% 19.83Y 0.88
SEM* 0.85 1.85 3.13
Red blood Cell Count Before 1.71bY 3.12% 1.39% 0.26
(*106 pL) After 12.02" 14.03 12.37 0.33
SEM* 0.39 0.53 0.30
Haemoglobin Before 5.20 8.90° 4.5b 0.64
g/dL After 6.48" 11.58 7.10° 0.82
SEM* 0.62 1.12 0.61
Haematocrit Before 14.05 20.38 14.77 1.64
(%) After 23.58® 33.40° 21.13% 2.36
SEM* 3.07 478 1.94
Before 10.77Y 10.79 10.15 0.16
MCV (fl) After 17.13* 18.00 17.17 0.29
SEM* 0.25 0.70 0.62
MCH Before 3.22%v 2.45b 3.53% 0.20
(Pg) After 7.28* 7.70x 7.13 0.16
SEM* 0.03 0.07 0.32
MCHC Before 28.10° 23.28% 32,53 1.33
(%) After 32.08 31.48" 31.40 0.94
SEM* 3.67 1.17 222
Platelet count Before 134.33% 188.65% 124.48% 9.95
(*103pL) After 290.47* 320.27* 311.87 8.23
SEM* 17.43 9.46 18.93
Before 20.35° 21.852 18.17° 0.55
RDW-CV After 18.64% 22.182 19.17° 0.57
SEM* 0.76 0.88 0.68
Before 10.35% 11.95 10.46° 0.25
PDW After 13.05" 16.85% 12.60° 0.75
SEM* 0.67 1.10 0.90
Before 66.25 69.40° 56.90 2.10
PLCR After 59.85 69.78 62.71 2.10
SEM* 438 2.88 227
Before 14.10 14.78 13.23 0.24
MPV After 13.63b 15.25 14.07 0.29
SEM* -0.58 0.42 0.24

IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

abc- means with different superscripts in the same row are significantly different (p < 0.05); xy= means with different
superscripts in the same sub —column are significantly different (t<0.05); SEM= standard error of mean among the treat-
ments; SEM*= standard error of mean for the values before and after the treatment.
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Serum Biochemical Indices and minerals of the West African Dwarf goats before and after mange topical treatment with

Neem extract and Ivermectin

. T2(5ml iver-
Parameter Tl(lOm! 1ver- mectin+5ml T3(10ml SEM
mectin) neem extract)
neem extract

Before 430 3.64 4.44 0.25
Total protein After 5.21 5.50% 4.92 0.18

SEM* 0.56 0.53 0.46

Before 1.64Y 1.65Y 161y 0.05
Albumin After 3.09* 3.39" 3.16x 0.17
(g/dl)

SEM* 0.27 0.24 0.46

Before 2.66 1.98 2.83 0.25
Globulin

After 2.11 2.11 1.77 0.11
(g/dD)

SEM* 0.34 0.56 0.31

Before 188.03 192.49 187.46* 13.78
Aspartate
Aminotransferase After 168.08 19042 152.807 8.47
(w/1) SEM* 16.57 4823 9.69
Alanine Before 46.64* 50.21 46.45 4.43
Aminotransferase After 16.43" 20.75 19.97 1.07
(u/l)

SEM* 3.36 3.44 3.00
Alkaline Before 53.63 4541y 56.17Y 5.44
Phosphatase After 123.05* 137.00* 163.67* 8.99
(WD SEM* 13.13 19.24 29.54
Albumin-globulin Before 0.65" 1.24 0.58y 0.22
Ratio After 1.50* 1.66 1.88x 0.16

SEM* 0.06 0.58 0.05
Minerals Before 105.02 106.34 105.47 0.46
Sodium Aft 148.33 139.89 130.70 7.79
(Mmol/l) e : : ; :

SEM* 16.29 11.24 14.38
Potassium Before 1.99 2.30 2.43 0.17
(Mmol/1) After 333 225 2.73%® 0.20

SEM* 0.35 0.77 0.46
Phosphorus Before 1.88 2.06 1.75 0.08
(100mg/ml) After 1.80 2.03 2.05 0.07

SEM* 0.24 0.28 0.46

abc- means with different superscripts in the same row are significantly different (p < 0.05); xy= means with different

superscripts in the same sub —column are significantly different (t < 0.05); SEM= standard error of mean among the treat-

ments; SEM*= standard error of mean for the values before and after the treatment.

pre and post treatment confirmed considerable der-
mal healing, especially in the neem treated group
(Figure III b). Before treatment, all animals (Figures I
a, [Taand III a) showed signs of hyperkeratosis (a skin
condition that occurs when the skin becomes thicker
than usual in some places [15] ) and epidermal atro-
phy, both characteristic lesions of mange infestation
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[7]. After treatment, the skins of the neem-treated
goats showed a normalized epidermis with minimal
cellular infiltration (Figure III b), suggesting that
neem extract not only alleviated the clinical symp-
toms of mange but also promoted skin recovery.
These findings align with previous research indicating
the skin-healing and anti-inflammatory properties of

Neem Leaf Extract as a Treatment for Mange in WAD Goats
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neem, which contribute to its effectiveness in treating
skin conditions [7].

Haematological parameters further provided in-
sights into the systemic effects of the treatments. The
significant differences in the haematological param-
eters and the low values before the treatment, with
the exception of WBC, haematocrit and MCV im-
plies that the severity of the mange infection varies
among the animals. Following treatments, significant
increases were observed in WBC count; RBC count,
MCV, MCH, and MCHC. These changes suggest a
possible improvement in immune function and RBC
production, likely in response to the reduction in par-
asitic load [9]. The increased WBC values remained
within the recommended range for WAD goats
(6.8-20.1x103p/1, reported by [16]). Interestingly,
no significant changes were observed in haemoglo-
bin or haematocrit, indicating that these parameters
may be less sensitive to the effects of the treatments
in the short term. Moreover, increases in PDW and
PLCR, particularly in groups T1 and T2, can suggest
a heighten thrombopoietic response to infection and
subsequent treatment [9].

The values for post-treatment of albumin levels
(3.09-3.16g/dl) fell within the normal physiologi-
cal range for goats (2.7-3.9g/dl, reported by [17])
as the normal range of albumin for goats. Albumin
is quantitatively the most important plasma protein
synthesized by the liver, and it indicates its health
status. Total protein levels (4.90-5.60 g/dl) was lower
than that reported by [18] (5.5-9.0g/dl) but remained
consistent with reported by [19] (6.0-7.0 g/dL). Ab-
normally low protein levels indicate anaemia. Lower
total protein before treatment likely resulted from the
activities of the parasitic microorganisms, thus inter-
fering with the normal absorption of nutrients [20].
This confirms the activities of the mites that feed on
the blood of the host animal. The significant increase
in total protein post-treatment supports the neem ex-
tract biochemicals probably disrupted mites’ activity.

Serum biochemical analyses showed no signif-
icant changes across most parameters, except for
potassium, which increased significantly post-treat-
ment. Potassium is essential for maintaining cellular
functions. Its increased levels post treatment may
reflect improved cellular health and metabolic func-
tion [21]. The absence of significant changes in other
biochemical markers suggests that the treatments did
not induce major metabolic disruptions or deficien-
cies, further highlighting the safety of neem extract
and ivermectin as topical treatments for mange.

In conclusion, neem extract proved to be a
promising alternative or complementary treatment
for mange in WAD goats, offering improvements in
blood profile and skin recovery similar to ivermec-

Neem Leaf Extract as a Treatment for Mange in WAD Goats

IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

tin. Neem's bioactive compounds, such as alkaloids
and saponins, may contribute to its acaricidal and
growth-promoting effects. These effects mirror those
of ivermectin, making neem a viable alternative or
adjunct treatment. Given its efficacy, affordability,
and safety, neem extract represents a valuable tool
for managing mange in small ruminant production
systems, particularly in resource-limited settings.

Materials and Methods
Experimental site and location

The study was carried out at the Small Ruminant Unit of the
Ladoke Akintola University of Technology Teaching and Research
Farm, located in Ogbomoso, Oyo State, Nigeria. All procedures
adhered to ethical guidelines for the care and use of animals in
research and were approved by the Committee on Research Eth-
ics, Faculty of Agricultural Sciences, Ladoke Akintola University
of Technology.

Preparation of the test ingredient

Fresh neem (Azadirachta indica) leaves, weighing approxi-
mately 5 kg, were harvested from trees within the farm premises.
The leaves were allowed to slightly wilted before being homoge-
nized with 10 litres of clean water. The resulting mixture was al-
lowed to macerate overnight in a dark, enclosed environment to
minimize photodegradation and prevent fermentation. The mix-
ture was then filtered using a muslin cloth to obtain a clear extract,
which was stored in a clean, airtight plastic container until use.
Ivermectin, used as the conventional treatment, was sourced from
a certified veterinary pharmacy. The formulation consisted of a
mixture of 22,23-dihydroavermectin Bla (290%) and 22,23-dihy-
droavermectin B1b (<10%), with the active ingredient concentra-
tion at 5 mg/ml in a pour-on form.

Experimental animals, housing and manage-
ment

Twelve WAD goats, with an average body weight of 10.22 kg
and diagnosed with mange, were sourced from local ruminant
farmers. Upon arrival, the experimental pen was thoroughly
cleaned and disinfected. Wood shavings were used as bedding
material. The goats were quarantined for two weeks and followed
by a subsequent two-week acclimatization period before the trial
began. During the acclimatization phase, the goats were fed a bas-
al diet of Megathyrsus maximus, and supplemented with concen-
trate feed (20% Brewers dry grain, 41% cassava peel, 35% wheat
offal, 2% salt, 1% bone meal and 0.5% premix). Salt lick were pro-
vided, and goats had free access to water ad libitum.

After the acclimatization period, animals were weighed amd
balanced by body weight, then randomly assigned into three
treatment groups; with each animal individually tagged for iden-
tification. The treatment groups were: Treatment 1 (T1), which
received 10 ml of ivermectin pour-on; Treatment 2 (T2), which
received a combination of 5 ml of neem extract and 5 ml of iver-
mectin pour-on; and Treatment 3 (T3), which received 10 ml of
neem extract. All treatments were applied topically along the dor-
sal midline using a improvised syringe, once daily for two weeks
to ensure elimination of the causal organisms.

Data collection

A comprehensive physical examination was performed to
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diagnose mange infection. Skin scrapings were collected using
sterile surgical blades and immediately preserved in 10% neu-
tral-buffered formalin for histopathological analysis. Blood sam-
ples (10 ml) were drawn from the jugular vein of each animal at
both the beginning and end of the trial. For haematological anal-
ysis, approximately 5 ml of blood was drawn into sample tubes
containing Ethylene Diamine Tetraacetic Acid to prevent coagula-
tion. Serum biochemical indices were assessed using 5 ml sample
collected in plain tubes. All samples were immediately sealed and
gently inverted for one minute to mix, and were transported to the
laboratory in an ice-packed containers to maintain sample integ-
rity. Blood analyses were conducted using a Haema-autoanalyser
B1110 5 plus (Prestige Diagnostics Ltd, United Kingdom).

Laboratory Procedure and Chemical Analysis

The neem extract was evaluated for the presence of alkaloids,
tannins, phlobatannins, saponins, flavonoids, terpenes, and ste-
roids. Standard phytochemical screening procedures were fol-
lowed, as reported by [22].

Experimental design: The study used a Completely Random-
ized Design for the experiment.

Statistical analysis: Data were analyzed using a one-way anal-
ysis of variance (ANOVA) using the SAS software package [23].
In cases where ANOVA revealed significant differences among
treatment means, Duncan's Multiple Range Test (DMRT) was
used to determine which means differed significantly. Statistical
significance was set at p < 0.05.
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ABSTRACT

Computed tomography (CT) is one of the most practical and accurate diagnostic imaging methods for
evaluating the bird’s head. This study aimed to present the normal anatomical data of Rose-ringed parakeet
(Psittacula krameri) head using the CT imaging. In this research, the features of this bird's head were inves-
tigated in terms of bones, joints, muscles, sinuses, and other constituent tissues. A retrospective cross-sec-
tional study was conducted on of six adult Rose-ringed parakeet carcasses (3 males and 3 females), aged
1-5 years and weighted between 115-125 g. Following preparing the CT images, the heads underwent gross
anatomical studies. Based on the results, reconstructed CT images allowed clear identification of most struc-
tures, including the parietal, mandible, occiput, maxillary, preimaxillary, palatine, pterygoid, quadrate, and
temporal bones, epithelial membranes, external ear canal and bony labyrinth, ossicles, entoglossal bones,
different parts of the infraorbital sinus, brain hemispheres, and various parts of the eyeball and nasal con-
chae. The results related to the CT evaluation and anatomical examination of the Rose-ringed parakeet’s
head demonstrated a high correlation. The results of this research provide a valuable reference and can be
employ for identifying anatomical features, examining different species of the parakeets, teaching veteri-
nary anatomy, interpreting CT images, and supporting clinical examinations and treatment in this type of

parrots.
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Introduction

ose-ringed parakeet (Psittacula krameri), is a

member of the green parrots (Psittaculidae)
family [1]. This parrot is also known as Halsbandsit-
tich (German), Perruche a collier (French), or Cotorra
de Kramer (Spanish) [2]. It is similar in appearance to
the Alexandrine parakeet (Psittacula eupatria), and it
is smaller than the king parrot (Alisterus scapularis),
plus lacks the red spots on the edges of its wings [3].
Typically, this parakeet measures approximately 40
cm in body length with a wingspan ranging between
15-17.5 cm. Its weight averages between 115 and 130
g, with males generally being slightly larger than fe-
males. In captivity, the species has a life expectancy of
20-30 years, with some individuals living beyond 40
years. The head is normally large and make up about
15-20% of the bird's total body weight [4]. The eyes
constitute the bulk of the skull and are placed inside
a sclerotic pupil (Figure 1). In some parrot species,
the lower part of the eye is surrounded by a unique
bony arch or suborbital arch [5]. The rostrum is con-
nected with the skull bone by a joint, which gives the
rostrum the ability to move upwards. Furthermore,
parrot’s tongue is more active and agile due to the
entoglossal bones inside the mouth [6]. The mandi-
ble and maxilla are placed inside the upper and lower
elements of the beak [7]. Inside the upper jaw, nasal
cavity, stretched longitudinally aligned turbinates, or
conchae. Among the diagnostic imaging techniques,
conchae can merely be detected with CT [8]. Parrots
also have distinctive facial sinuses, including the pri-
mary sinus chamber and the infraorbital sinus, which
surround the ventral part of the eyeball and extend to
areas around the eyes and ears through a series of ca-
nals. Some of these canals, along with the cervicoce-
phalic air sac, extend to the central concha, the lower
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jaw, and the posterior parts of the neck. Except for
the rostral part of the infraorbital sinus, these sinus-
es can be examined only through CT or magnetic
resonance imaging (MRI) [9]. Anatomically, parrots
lack the prefrontal, postfrontal, temporal, and post-
parietal skull bones. Their palatal bones are small and
light. These birds lack teeth and have a relatively large
and ossified brain chamber, which leads to weight
loss and facilitate flight [10, 11]. Domesticated par-
rots are vulnerable to head injuries, particularly from
collisions with window or landing an inappropriate
places, which leads to traumatic injuries. In such cas-
es, various imaging techniques can be beneficial in
diagnoses. Among these, CT is one of the most ac-
curate and practical diagnostic imaging methods for
evaluating head diseases in birds. Previous studies
have demonstrated CT's value in avian cranial anat-
omy. Veladiano et al. (2016) examined the natural
anatomy of the heads of blue-and-yellow macaws
(Ara ararauna), African gray (Psittacus erithacus),
and monks (Myiopsitta monachus) by CT, labeled
different parts of their heads on CT images, and final-
ly introduced the obtained findings as an atlas of the
natural head anatomy of these parrots [12]. Faillace
etal. (2021) applied CT to investigate the anatomical
features of the head of the blue-fronted Amazon par-
rot (Amazona aestiva), and found anatomical varia-
tions in some of these features, such as the size and
position of the nasal conchae, the infraorbital sinus
chamber, the nasopharyngeal duct, and the paraglos-
sum, compared to other parrot species, which can
be used in anatomy analysis [13]. Their findings also
emphasized the difficulty of examining the inner ear
and its related structures and the paratympanic sinus
using normal CT images. Thurber et al. (2015) eval-
uated the differential diagnosis of parrots' neurolog-

Figure 1.
Rose-ringed parakeet (Psittacula
krameri)
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ical symptoms caused by hydrocephalus syndrome.
They concluded that CT is a suitable screening tool
for diagnosing hydrocephalus in this type of sick
bird [14]. Similarly, Jones et al. (2019) used potassi-
um jodide contrast medium and CT imaging to in-
vestigate the radioanatomical characteristics of the
rock dove (common pigeon) especially in the head.
They found that CT scanning can be utilized as a pre-
ferred method for examining different body tissues
of this type of bird, and the images obtained with this
method will be a valuable source for clinical appli-
cations and educational and research purposes [15].
Using CT, Duymus et al. (2013) compared the head
anatomy of white, brown, and wild Japanese quails in
terms of the head and brain volume, parietooccipital
air space volume, and calvarial bone volume and in-
dicated that the head of white quails had the lowest
volume values, likely due to genetic differences [16].
Other studies further support and showed the value
of CT in the diagnosis of complications and disor-
ders of the head of parrot. Hébert (2019) confirmed
Rostroparasphenopalatal luxation in a red-crowned
parakeet (Cyanoramphus novaezelandiae) using CT,
and the bird completely recovered after therapeutic
measures [17]. Krautwald-Junghanns et al. (1998)
compared radiology and CT scan techniques in the
diagnosis of head diseases in sick parrots and report-
ed the superiority of the CT method in the diagnosis
of complications such as bone fractures and identifi-
cation of hypercalcification or hypocalcification and
carcinoma in this area [18]. The investigation of the
tomographic features of the head of the Rose-ringed
parakeet can be beneficial in identifying anatomical
features and evaluating its pathological cases. How-
ever, a precise examination of details related to the
normal anatomy (morphology and morphometry)
of the different parts of this bird's head is necessary.
Currently, radioanatomical studies of the head of the
Rose-ringed parakeet are rare, and there are no de-
tailed reports in this respect. Accordingly, this study
aimed to investigate the normal anatomy of the Rose-
ringed parakeet’s head by CT using three-dimension-
al (3D) modeling.

Result

Reconstructed CT images revealed that most
structures of the head of the Rose-ringed parakeet
(Psittacula krameri) were identifiable. In the 3D im-
ages, the parrot’s head appeared rounded and com-
pact. The jugal arch and the palatine bone were fused
in the remaining parts of the skull, except for the cra-
nial facial bones. Even small bones of the head, such
as ear bones and entoglossal bones inside the mouth,
could also be evaluated in these CT images. Using
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the lung window filter, it was possible to observe the
bony trabecular in the head. This setting also enabled
evaluation of the parietal and temporal bones, nasal
conchae, epithelial membranes, the external ear ca-
nal, and bony labyrinth. Further, with covering tis-
sues, different parts of the infraorbital sinus could be
observed using this filter. Furthermore, different soft
tissue windows were adjusted to allow for the iden-
tification of brain hemispheres, the cerebellum, optic
nerve, pupil muscles, and eye lenses (Figures 2-3).
Based on the findings, the columella ossicle, its exter-
nal cartilage, and the cochlea were not detectable on
CT. The eyeballs of all parrots were complete and bony
and located on the skull's lateral side (Figure 2i). The
mandible appeared bony and lacked a distinct sym-
physis (Figures 2b and 3a), while the rostrum was ke-
ratinous, large, and ventrally curved. The operculum
was observed on the dorsal base of the nostrils. Bones
such as occipital, maxillary, premaxillary, mandible,
palatine, pterygoid, and quadrate were pneumonized
and had air bubbles. The nasal cavities were divided
by a septum, which thickened slightly from the rostral
to the caudal side. Its caudal third was cartilaginous,
while the middle third and the rostral were bony. The
ectethmoid, mesethmoid, maxillary, and preimaxil-
lary bones were involved in the formation of the na-
sal cavity, and the nasal cavity comprised three parts:
olfactory, respiratory, and vestibular. Each nasal cavi-
ty had a single duct with caudal, middle, and rostral
cartilaginous conchae. The rostral concha C-shaped
and located in the vestibular part of the nasal cavity
decreased in thickness from the rostral to the caudal
direction and contained a basal lamella along the lat-
eral nasal cavity wall. The middle concha was in the
form of long ducts that originated from a basal lamella
and was located in the upper respiratory tract of the
nasal cavity. This lamella also splits into a sinusoidal
and a spiral lamella. The spiral lamella extended to
the entrance of the nasopharyngeal canal. The cau-
dal concha, smaller and hollow, was located at the
nasal cavity’s rear. The nasal and oral cavities were
connected through the nasopharyngeal canal (Fig-
ures 3c and 4h), which connected the maxilla-pala-
tal process and the palatine bone’s choanal part from
the rostro-lateral and caudal sides. The caudal part of
this duct linked with the interorbital septum (Figures
3e and 4f). The oral cavity included the palatal, man-
dible, premaxillary, and maxillary bones, along with
associated muscles and tongue. These bones, along
with the pterygoid, contributed to pharynx formation
(Figures 4c-d). The choana was located in the dorsal
part of the pharynx and oral cavity and connected the
oral cavity to the nasal cavity (Figure 2g). The tongue
was strong and large, and could be identified in the
CT images, located in the middle third and caudal of
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Figure 2.

(a-n) Transverse computed tomography reconstruction images in the lateral plane of the normal skull of the
cockatiel (Nymphicus hollandicus). (1) Rostral diverticulum septum, (2) Premaxillary bone, (3) Rostral diver-
ticulum, (4) Paraglossum, (5) Bony part of nasal septum, (6) Mandible bone (pneumonized), (7) Palate bone
opening, (8) Rostral nasal concha, (9) Transverse canal, (10) Maxillary process of palatal bone, (11) Tongue,
(12) Middle nasal turbinate, (13) Basal layer of middle nasal turbinate, (14) Nasal cavity, (15) Cartilaginous
part of nasal septum, (16) Nasopharyngeal airway, (17) Lateral border of palatine bone, (18) Periorbital pro-
cess of infraorbital sinus, (19) Jugal part of infraorbital sinus, (20) Jugal arch, (21) Glottis, (22) Laryngeal
protrusion, (23) Arytenoid cartilages, (24) Bronchial horn, (25) Trachea, (26) Choana of palatal bone, (27)
Ethmomandibular muscle, (28) Periorbital part of the infraorbital sinus, (29) Caudal nasal turbinate, (30)
Infraorbital sinus foramen, (31) Infraorbital part of the infraorbital sinus, (32) Eyeball, (33) Epithelial mem-
brane, (34) Tracheal cartilage ring, (35) Infraorbital septum, (36) Cricoid cartilage, (37) Procricoid cartilage,
(38) Scleral ossicles, (39) Suborbital arch, (40) Frontal bone (pneumonized), (41) Pterygoid and quadrate
muscles, (42) Larynx, (43) Zygomatic process of the squamosal bone, (44) Quadrate bone (pneumatized), (45)
Quadrature part of infraorbital sinus, (46) Postorbital part of infraorbital sinus, (47) External acoustic meatus,
(48) Cervicocephalic diverticulum, (49) Brain stem, (50) Bony labyrinth. L, Left; R, Right.
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Figure 3.

(a-f) Sagittal computed tomography reconstruction images (lateromedial plane) of the normal skull of the
cockatiel (Nymphicus hollandicus). (1) Scleral bones, (2) Suborbital arch, (3) Postorbital part of the infra-
orbital sinus, (4) Quadrate bone (pneumonized), (5) External ear foramen, (6) Mandible bone, (7) Cer-
vicocephalic diverticulum, (8) Occipital bones (pneumonized), (9) Infraorbital part of infraorbital sinus,
(10) Periorbital process, (11) Epithelial membrane, (12) Jugal portion of infraorbital sinus, (13) Cervical
vertebrae, (14) Trachea, (15) Encephalon of the brain, (16) Caudal nasal turbinate, (17) Middle nasal turbi-
nate, (18) Rostral nasal turbinate, (19) Transverse canal, (20) Premaxillary bone (pneumonized), (21) Palate
bone (pneumonized), (22) Rostral diverticulum, (23) Frontal bone (pneumonized), (24) Nasal cavity, (25)
Nasopharyngeal airway, (26) Larynx, (27) Paraglossum, (28) Basihyal, (29) Bony part of nasal septum, (30)
Infraorbital septum, (31) Nostril, (32) Tracheal rings, (33) Cartilaginous part of nasal septum, (34) Tongue.
Ca, Caudal; Cr, Cranial.

Radioanatomical Study of the Rose-Ringed Parakeet Alizadeh, IJVST 2025; Vol.17, No.3
DOI:10.22067/ijvst.2025.89892.1422

51



IRANTAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

the inferior part of the oral cavity (Figures 2c-d). The
oral cavity had a hyobranchial apparatus. The tongue’s
base was in close contact with the paraglossum and
the cranial part of the basihyal. Bishyal processes and
uhorial bones were detectable in the trachea's larynx
and cranial part. The branchial horn (caudal part of
the hyobranchial apparatus) was located in the inner
part of mandible’s ramus, or tracheal cranial part. Its
caudal third was associated with mandible masseter
muscles. The larynx consisted of a ring-shaped cri-
coid cartilage and two pyramid-shaped arytenoid car-
tilages. The results of the current study demonstrated
that the procricoid cartilage was located within the
middle part of the cricoid cartilage and formed the
larynx ‘s dorsocaudal part (Figures 2b-j). The glottis
was centrally placed in the larynx and surrounded by
arytenoid cartilages. While laryngeal mounds (Mons
laryngealis) were visible in CT cross-sectional. The
place where the cricoid joins the tracheal cartilages
also appeared ring-shaped in these images (Figures 2f
and 4f).

The entire pupil cavity was filled with an oval eye-
ball bordered externally by the frontal bone and sub-
orbital arch. A bony trabecular septum separated the
pupils. All parrots under study had a complete bony
eyeball (Figures 2j and 4h). In the obtained CT im-
ages, the eye lens was not clearly detectable, and the
cranial chamber (aqueous) and the caudal (vitreous)
were not distinguishable. The retina was unrecogniz-
able. Eyeball muscles, lacrimal glands, and the third
eyelid (nictitating membrane) had similar attenuation
values and were indistinguishable. Scleral bones ap-
peared as two indistinct lines on cross-sections imag-
es and as circular or round in sagittal images (Figures
2j, 3a, and 4h).

The parakeet’s encephalon could be evaluated in
the CT images (Figures 3c and 4i). Although, brain
hemispheres such as the telencephalon and dienceph-
alon, along with the brainstem and cerebellum, were
well identified and could be distinguished from each
other in cadavers, they shared similar attenuation in
CT, making them difficult to differentiate. The find-
ings revealed that the external acoustic meatus and
the external opening of the ear were recognizable
in CT images (Figures 2m and 4c), but the tympan-
ic membrane was not visible in either CT images or
carcasses examinations. Hence, different parts of the
middle ear were not distinguishable. Nonetheless, the
presence of low-resolution lines in the distal third of
the external acoustic meatus can demonstrate parts
of the middle ear such as infraorbital (columella) and
extracolumella cartilage. The bony labyrinth of the in-
ner ear was clearly visible in both in the cadaver sam-
ples and CT images.

Based on our findings, the paratympanic sinus
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could not be identified in CT images. Muscles of the
head were only faintly visible hyperattenuated lines.
Larger muscles, such as quadrate, pterygoid, and eth-
momandibular, were somewhat distinguishable, al-
though the jaw adductor muscle despite its size, was
poorly detectable in CT images (Figures 2g and 4c).
The infraorbital sinus was surrounded by skull bones
and covering and muscular tissues and was found as
a large triangular cavity that covered a large part of
the head. The premaxillary bone was located in the
rostral part of this sinus, with palatine and pterygoid
bones located in its inner part. Further, the quadrate,
jugal arch, and mandible were located in the lateral
part. This sinus included the rostral diverticulum,
transverse canal, postorbital, preorbital, infraorbit-
al, quadrate bones, cervicocephalic diverticulum,
and mandibular recess. The rostral diverticulum and
the transverse canal were single, and the remaining
parts were in pairs. Except for the periorbital parts,
the transverse canal, and the rostral diverticulum, the
remaining parts of the suborbital sinus were covered
by the masticatory muscle (Figures 2-4). The rostral
diverticulum, extending along the premaxillary bone,
was divided into two parts by a thin bony septum,
which gradually thinned from rostral to the caudal
direction, and eventually disappeared in the middle
parts of the diverticulum. The transverse canal was a
short and horizontal passage. The maxillary process
of the palatine bone and the upper jaw-palatine pro-
cess (maxillopalatine) of the maxilla, were located in
this canal's ventral and distal parts, respectively. This
canal connected the periorbital region and rostral di-
verticulum (Figures 2a, 3d, and 4h). The nasopharyn-
geal duct divided the periorbital region into left and
right parts. The jugal portion was connected dorsally
to the periorbital region, ventrally to the choanal part
of the palatine bone, and laterally to the jugal arch.
A relatively thin epithelial layer separated the perior-
bital and the jugal portion. These subdivisions were
connected in the caudal part, near the infraorbital
part of the infraorbital sinus. The infraorbital part, the
largest part, covered a large area of the ventral surface
of this sinus and extended to the eyeball. It connect-
ed to the palatine bone and interorbital septum from
the medial part and to the suborbital and jugal arches
from the lateral part. The infraorbital and postorbit-
al parts were directly connected. The infraorbital and
postorbital parts were the largest parts of the infra-
orbital sinus, respectively. The postorbital part was
located in the pterygoid's lateral part, the zygomatic
process's internal part, and the jugal bow's posterior
part, which was connected with the musculature. The
masseter, pterygoid, quadrate, and temporal muscles
were located in the postorbital area. The caudoventral
part of postorbital was connected to the quadrate por-
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Figure 4.

(a-k) Dorsal computed
tomography reconstruc-
tion images (ventrodor-
sal plan) of a normal
skull of the cockatiel
(Nymphicus  hollandi-
cus). (1) Basihyal, (2)
Arytenoid cartilage, (3)
Quadrature part of in-
fraorbital sinus, (4) Ep-
ithelial membrane, (5)
Quadrate bone, (6) Lar-
ynx, (7) Glottis, (8) Phar-
ynx, (9) Pterygoid and
quadrate muscle, (10)
Mandibular appendage,
(11) Oral cavity, (12) External acoustic meatus, (13) Paraglossum, (14) Pterygoid bone, (15) External ear foramen, (16) Bony
labyrinth, (17) Jugal arch, (18) Postorbital part of infraorbital sinus, (19) Occipital bones (pneumonized), (20) Suborbital
arch, (21) Palate bone, (22) Ethmomandibular muscle, (23) Infraorbital part of the infraorbital sinus, (24) Nasopharyngeal
canal, (26) Scleral ossicles, (27) Infraorbital septum, (28) Cartilaginous part of the nasal septum, (29) Palate foramen, (30)
Middle nasal turbinate, (31) Rostral diverticulum, (32) Cranial foramen of eyeball, (33) Preorbital part of the infraorbital
sinus, (34) Rostral nasal turbinate, (35) Nasal cavity, (36) Bony part of nasal sinus, (37) Infraorbital sinus foramen, (38) En-
cephalon, (39) Craniofacial flexion, (40) Frontal bone. L, Left; R, Right.
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tion. The smallest part of the infraorbital sinus was
related to a quadrate part, which was laterally con-
nected to the quadrate bone. The mandibular recess
and cervicocephalic diverticulum were linked to the
postorbital part. The mandibular recess was visible in
the inner and rostral parts of the mandibular ramus.
In fact, this recess was located in the inner part of the
postorbital and the ventral part of the infraorbital ca-
nal. Lastly, the cervicocephalic diverticulum was de-
tectable and extended to the cervical region (Figures
2n and 3b).

Discussion

In this study, we aimed to investigate the nor-
mal anatomy of the Rose-ringed parakeet (Psittacu-
la krameri) head using computed tomography (CT).
Based on our results, reconstructed CT images suc-
cessfully allowed the identification of most skeletal
and soft tissue structures of the head, including pa-
rietal, temporal, and maxillary bones, ossicles, nasal
conchae, infraorbital sinus subdivisions, encephalon,
and ocular components. The CT findings showed a
high correlation with gross anatomical observations,
demonstrating that CT is a practical and accurate
method for describing the radioanatomical features
of this parrot’s head.

The CT and gross anatomy results in this study
revealed that the skull of the Rose-ringed parakeet
(Psittacula krameri) shares similarities with other
parrot species, with no observable difference between
the skulls of male and female individuals. CT diag-
nostic method enabled the anatomical description
of the skull, aligning with the reports of some re-
searchers in this field [19, 20]. Despite the small size
of the parakeet’s head, high quality images were ob-
tained, allowing for clear identification of bones and
tissues of the head, such as the jugal arch, palatine
bone, ear ossicles, and antoglossum bones inside the
mouth and different parts of the infraorbital sinus. Of
course, the quality of these images was significantly
influenced by the type of CT scanner used (Toshiba
Multi-slice CT scanner Asteion Premium 4, Model:
TSX-021B, Japan). In this research, the bony trabec-
ulae of the head of the Rose-ringed parakeet were
observed by using a suitable window (WW: 2336
HU; WL: 368 HU), the study successfully visualized
parietal and temporal bones, nasal conchae, epithe-
lial membranes, external acoustic meatus, and bony
labyrinth. Performing head CT in sagittal, transverse,
and dorsal planes, were obtained allowing detailed
assessment of individual anatomical components,
particularly the infraorbital sinus. Scanning the head
in different planes solved the problem of superimpo-
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sition of the images of different tissues, and each of
the tissues was individually and specifically evaluat-
ed accordingly. These observations are supported by
Cubo and Casinos (2000), thay examined the bones
of different bird species and reported that some bird
bones contain air bubbles [21]. In this study, some of
the skull bones, such as the occipital, maxillary, prei-
maxillary, mandible, palatine, pterygoid, and quadrate
bones, are trabecular and pneumonized and have air
bubbles. However, Veladiano (2018) investigated the
head CT of different birds and described the role of
the pneumatic foramen, suborbital and paratympan-
ic sinuses [22], which contradicts our findings. In our
scans, the pneumatic foramen was undetectable, and
the origin of bone pneumatization could not be eval-
uated. Furthermore, the paratympanic sinus was not
visible , probably due to the fusion with middle ear
tissues.

In this study, the tympanic membrane and differ-
ent parts of the middle ear were also not visible in the
CT images. However, the presence of low-resolution
lines within the distal third of the external acoustic
meatus can demonstrate parts of the middle ear, such
as columella and extracolumella cartilage. These re-
sults are consistent with Wild's study (2015) [23].

According to our CT images, the tympanic mem-
brane and different parts of the middle ear were not
visible. These results are in agreement with Wild’s
study (2015), which reported that the cochlea, tym-
panic membrane, extracolumella cartilage, and col-
umella of parrots are extremely small and therefore
cannot be observed in CT images. It has been report-
ed that the cochlea, tympanic membrane, extracolu-
mella cartilage, and columella of parrots are extreme-
ly small and thus cannot be observed in CT images.
Nonetheless, it is suggested that other diagnostic im-
aging methods, such as micro-CT and MRI, be used
to evaluate these parts.

Our findings regarding nasal cavity conchae align
with studies reporting three conchae per cavity in birds
[24, 25]. The results of the current study revealed that
in Rose-ringed parakeet, each nasal cavity, contained
of a single meatus with caudal, middle, and rostral
cartilaginous conchae. Other species, like the Congo
gray parrot (Psittacus erithacus) [26], the budgerigar
(Melopsittacus undulates) [27], and the brown-eared
nightingale (Hysipetes amaurotis) [28], have been re-
ported to possess only two conchae, while some like
petrel (Pagodroma sp.) have more than three [29].
In our study , the middle and caudal turbinates had
the largest and smallest sizes, respectively, consistent
with the results of other parrot studies done by Hanafy
(2021) and Al-Rubaie and Kadhim (2023) [25, 30]. In
the skull of the Rose-ringed parakeet, similar to oth-
er parrots, the middle concha resembled a long duct,
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which is located in the upper respiratory airway and
originates from a basal lamella, which itself is divided
into a sinus lamella and a spiral lamella. Moreover, the
caudal concha is small and hollow and is placed in the
caudal nasal cavity. Contradictory findings were re-
ported by Faillace et al. (2021), who examined the CT
results of the nasal conchae of the blue-fronted Am-
azon parrot (Amazona aestiva), described the middle
concha as a narrow linear structure inside the rostral
concha [13]. They further found that in this type of
parrot, the caudal concha can have different sizes, so
that the size of this concha is large in some of these
birds, while it is extremely small in others. In a study,
Madkour (2019) suggested the presence of bone tis-
sue in addition to cartilaginous tissue within nasal
conchae of some bird species [31]. Madkour’s report
does not match the result of our study, according to
our observations, the structure of the nasal conchae
of the Rose-ringed parakeet was purely cartilaginous,
and this finding was confirmed by the attenuation of
the CT images of the head. Van Zeeland (2018) in-
vestigated the upper respiratory tracts of parrots and
reported that the nasopharynx contains adenoids and
lymphoid tissues and connects the nasal cavities and
the throat [32]. The Van Zeeland’s study is somewhat
in line with our gross anatomy results. The nasal and
oral cavities were linked through the nasopharyngeal
duct in the Rose-ringed parakeet. Based on CT im-
ages, the nasopharyngeal duct was rostrolaterally and
caudally connected to the maxilla-palatal process of
the maxillary bone and the choanal part of the pal-
atine bone, respectively. The caudal part of the naso-
pharyngeal duct was linked to the interorbital septum.
Unfortunately, we found no valid literature on the na-
sopharyngeal CT characteristics of birds and because
of that we couldn’t compare our results on that with
other studies.

The Rose-ringed parakeet oral cavity had a hyo-
branchial apparatus, with its caudal part located in the
inner part of the mandible’s ramus, in other words,
cranial part of trachea. These findings conform to the
results of other studies performed on parrots. Accord-
ing to our observations, the tongue’s base was in close
contact with the paraglossum and the cranial part of
basihyal.

Our results also demonstrated that the pupil of
the Rose-ringed parakeet is completely bony. In the
gross anatomy studies, it was possible to determine
the anterior and caudal chambers, lens, and optic
nerve of this bird’s eye, which matches the reports of
most researchers, and it seems that the eye anatomy
of this type of parrot does not particularly differ from
that of other birds [33]. However, unlike the gross an-
atomical evaluations, the lens was not clearly visible,
and it was impossible to distinguish the ocular cham-
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bers in the obtained CT images. The retina, eyeballs’
muscles, lacrimal glands, and third eyelid (nictitat-
ing membrane) were indistinguishable and therefore
could not be separated from each other. The research-
ers of this study could not find written and specific re-
ports about CT scans of birds’ eyes and compare them
with the results of our study. However, according to
the findings of our study, we recommend the use of
diagnostic imaging methods such as ultrasonography;,
micro-CT, MRI, and other specialized eye evaluation
methods for examining the internal tissues of the eye.

In the CT images, while, the masticatory mus-
cle could be identified due to their large size, other
head muscles, including eyeball’s muscles, and even
nerve vessels showed highly close attenuation, and it
was difficult to distinguish between them; thus, they
did not undergo separate analyses. Different radia-
tion factors were employed to increase the clarity and
contrast of these tissues, but no suitable answer was
obtained in this regard.

Based on anatomical examination of the bud-
gerigar and Casco (African grey parrot), Smallwood
(2014) reported that the cricoid cartilage of the larynx
of these birds is wide and has a rostral process [34]. In
another study, Silva et al. (2020) found that the cri-
coid cartilage of the larynx of the cockatiel is smooth
and small and has two rostral and lateral processes
[35], which contradicts our findings. In contrast to
the findings of both Smallwood (2014) and Silva et
al. (2020), our study showed that in the Rose-ringed
parakeet, the larynx consisted of an annular cricoid
cartilage and two pyramidal arytenoid cartilages, with
a smooth and thin cricoid cartilage lacking processes.
Additionally, a procricoid cartilage was present in the
middle part of the cricoid, forming the dorsocaudal
portion of the larynx.. In the Rose-ringed parakeet,
the larynx consisted of an annular cricoid cartilage
and two pyramidal arytenoid cartilages. The cricoid
cartilage was smooth and thin and had no processes.
In the middle part of the cricoid cartilage, there was
the procricoid cartilage, which formed the dorsocau-
dal part of the larynx.

Although several studies, have examined the
anatomy of the infraorbital sinus in some poultry
such as hens, turkeys, and geese [36], there is no de-
tailed and comprehensive report about the anatomy
and CT features of the infraorbital sinus in parrots.
Our research showed that in the Rose-ringed para-
keet, the infraorbital sinus was surrounded by skull
bones and covering and muscular tissues, and in the
CT images, it was detected as a large triangular cavity
that covered a large part of the head. The premaxillary
bone was located in the rostral part, the palatine and
pterygoid bones were located in its inner part, and the
quadrate bone, jugal arch, and mandible bones were
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located in the lateral part of this sinus. Grist (2006)
conducted an anatomical study on domestic chick-
ens and found that there were fewer infraorbital sinus
chambers in the head of this type of bird [37], though
he did not named and characterize these chambers.
Eventually, it was indicated that this sinus is shorter
in other birds and is limited by the infraorbital part.
According to our observations, this sinus included
the rostral diverticulum, transverse canal, postorbital,
preorbital, infraorbital, and quadrate parts, cervico-
cephalic diverticulum, and mandibular recess in the
Rose-ringed parakeet. The head and neck of this type
of parrot were widely pneumatized with this sinus. No
specific homologies were inferred in this regard since
the analogy of the infraorbital sinus and phylogenet-
ic evaluations between the Rose-ringed parakeet and
other parrots was impossible.

Massari et al. (2020) performed CT on the head
of a macaw and reported that the infraorbital, perior-
bital, and rostral diverticulum of the infraorbital sinus
can be easily detected, which is mainly due to the large
chambers of this sinus and the absence of covering
muscles in this region [38]. It was further indicated
that the postorbital, quadrate, and mandibular recess
parts were not detectable because they were small and
superimposed by the masticatory muscle. These find-
ings somewhat corroborate the results of our study.
Based on our findings in the Rose-ringed parakeet,
except for the periorbital, transverse canal, and rostral
diverticulum, the remaining parts of the suborbital si-
nus were covered by the masticatory muscle.

In some studies, the existence of a paratracheal
recess was reported in Amazon and Cockatoo [39], as
well as Anodorhynchus and Ararauna macaws [40],
but we found no such structures in the Rose-ringed
parakeets; therefore, this feature can be mentioned in
the comparative anatomy of this type of parrot.

The skull of the Rose-ringed parakeet was rela-
tively small, and the limit distance of its constituent
bones was visible. The periorbital sinus was located in
the anterorbital fenestra, and the zygomatic process of
the squamosal bone surrounded the postorbital sinus.
CT images showed head muscles as hyper-attenuat-
ed lines and not very clear. However, relatively larger
muscles such as quadrate, pterygoid, and ethmoman-
dibular were somehow distinguishable. The jaw ad-
ductor muscle, although large, it could not be detected
in the CT images, and its boundaries was determined
based on the topography of the bones in that region.

Finally, the columella ossicle, its external cartilage,
and cochlea were not recognizable in CT images likely
due to their small size. Hence, it is recommended that
other diagnostic imaging methods such as micro-CT
or MRI be utilized in cases where it is intended to
evaluate these structures.
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Overall, this study demonstrates that the skull of
the Rose-ringed parakeet is not that much different
from that of other parrots. The only morphological
differences were related to some parts of the nasal
cavity, infraorbital sinus, and, to some extent, the hy-
obranchial apparatus and nasopharyngeal duct.

In conclusion, the CT scan is one of the most ef-
fective and non-invasive diagnostic imaging methods
to describe and dissect most of the hard and soft tis-
sues of the Rose-ringed parakeet’s head. The results of
this study demonstrated its utility on examining the
infraorbital sinus and the turbinates, or conchae, of
nasal cavities. The investigation of the tomographic
features of the Rose-ringed parakeet’s head can be
useful in identifying anatomical features and evaluat-
ing its pathological cases. The results of this research
can be utilized as a standard reference and atlas for
identifying anatomical characteristics, examining
various species of Rose-ringed parakeets, teaching
anatomy, and interpreting CT scan images. Moreover,
these findings can be used for clinical examinations
and aid in treatment of this type of parrot.

Materials and Methods
Ethical consideration

This work involved the use of procedures that did not differ
from established internationally recognized high standards (best
practice) of veterinary clinical care for the individual animals.
The study was approved by the Ethical Committee of Islamic
Azad University, Urmia, under registration code Ir.iau.urmia.
rec.1403.038

Study design and Specimens

The current retrospective cross-sectional study was conduct-
ed using carcasses of six adult Rose-ringed parakeets (Psittacula
krameri) (3 males and 3 females) with an average age range of 1-5
years and an average weight between 115-125 g. These birds were
well-nourished during their lifetime. The carcasses were collected
from a private Rose-ringed parakeet breeding facility in Tehran
and stored at -20°C until use. The parrots, which previously died
for various reasons, were used in this study, and the cause of their
deaths was unrelated to this study. Maturity of the specimens was
confirmed by factors such as assessing neck ring coloration, the
amount of scales on the feet, the condition of the feathers, and the
beak color. Sex of the specimens was also determined following a
necropsy of the carcass [41, 42].

Computed tomography (CT) studies

For CT imaging, each parrot was placed on the scanner table
in a sternal recumbent position, with the head oriented forward
and the mandible aligned perpendicular to the gantry. Scanning
was performed in the sagittal, transverse, and dorsal planes with a
thickness and interval of 1 mm. A helical scanner (Toshiba Multi-
slice CT Scanner Asteion Premium 4, Model: TSX-021B, Japan)
was employed for CT. In addition, appropriate windows were
selected to examine soft and bone tissues. The technical factors
of the CT scanner included gantry rotation time (400 ms), slice
thickness (1 mm), reconstruction distance (0.5-1 mm), pitch ratio
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(1), kVp (120), mAs (10), physical detector collimation (32 x 0.6
mm), final section collimation (64 x 0.6 mm), resolution (512 x
512 pixels), and resolution range (0.92 x 0.92), Kernel (10 H), and
increment (0.5 mm) [13, 43]. Imaging was performed based on
the above-mentioned factors, and the obtained images were saved
in DICOM format [44].

Figure 5.
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Three-dimensional reconstruction

DICOM images were imported to a computer system equipped
with 3D modeling software (Onis CT software, Multi-Modality
Workplace: VE 2.5A) and displayed using bone window settings
(window width: UH 4500 and window level: UH750), consistent
with previous research [45]. Further analyses was performed us-
ing 3D slicer software [46]. Based on our observations, this tech-
nique allowed the
use of lung (WW:
2336 HU; WL: 368
HU) and bone (WW:
950; WL: 390) win-
dows, thus provid-
ing high-resolution
images of the tissues
and structures that
constitute the head
region of the parrots.

Anatomical
studies

Following  CT
imaging, each fro-
zen parrots head
was transversely
sectioned using an
electric band saw at
5 mm intervals, from
the rostral part of the
rhamphotheca to the
anterior end of the
neck. Each slice was
rinsed with water
and cleaned with a
soft brush and pho-
tographed.  Visible
textures and struc-
tures were identified
and labeled on these
photographs.  Fur-
ther, CT images were
matched with these
photos and labeled
accordingly. Nomina
Anatomica  Veteri-
naria guidelines was
used as the obtained
scientific term [47]
(Figure 5).

Representative photographs of anatomic cross sections of the adult cockatiel (Nymphicus hollandicus) head.
A (level of the Eye) and B (level of the external acoustic meatus) in the dorsal plane and C (level of the rostral
border of the orbital fossa) and D (level of the external acoustic meatus) in the transverse plane. A: (1) Ram-
photeca, (2) Premaxilla bone, (3) Maxilla bone, (4) Left nasal cavity, (5) Caudal nasal concha, (6) Infraorbital
sinus, (7) Eye, (8) Brain hemispheres, (9) Falx cerebri, (10) Occipital bone, (11) Temporal bone. B: (1) Ram-
photeca, (2) Premaxilla bone, (3) Palatine bone, (4) Ethmomandibularis muscle, (5) Pterygoideus muscle, (6)
Cerebellum, (7) Bony labyrinth, (8) External acoustic meatus, (9) Caudal nasal concha, (10) Occipital bone.
C: (1) Fronto-parietal bone, (2) Eye, (3) Infraoebital sinus, (4) Pterygoideus muscle, (5) Ethmomandibularis
muscle, (6) Hard Palate, (7) Eye, (8) Caudal nasal concha, (9) Lingual process of hyoid bone, (10) tongue,
(11) Choanal cleft, (12) Mandible. D: (1) Cerebrum, (2) Falx cerebri, (3) Occipital bone, (4) Brain stem, (5)
Chiasma optic, (6) External acoustic meatus, (7) Ethmomandibularis muscle, (8) Pterygoideus muscle, (9)
Mandible, (10) Hard palate, (11) Lingual process of hyoid bone. R, Right; L, Left.
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Low agreement between serological and molecular
tests for the diagnosis of cattle brucellosis

a b
Mehran Ghaemi, Mohammad Sadegh Golvajouei

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

ABSTRACT

Bovine brucellosis, caused mainly by Brucella abortus, is an important cows disease that has created a wide-
spread public health problem in humans. Diagnosis primarily relies on serological testing; however, these
assays lack sensitivity and, more importantly, specificity. In this study, we tried to compare the performance
of serological tests routinely applied in Iran with antigen detection tests. Also, we examined Brucella species
circulating in cows of Fars province, Iran. In addition, the infection rate of Yersinia entrocolitica O9 strain as
a probable interfering agent in Brucella spp. serological tests were evaluated. Supramammary lymph nodes
were sampled from 98 Brucella spp. reactor cows of Fars province, Iran, analyzed by bacterial culture and
molecular tests, including conventional, multiplex, and real-time PCR. Brucella spp. was isolated from 5.1%
of cultured samples, while conventional and real-time PCR detected in 15 (15.3%) and 21 (21.4%) samples,
respectively. All positive samples were identified as B. abortus. Notably, 78.6% of seropositive cows tested
Brucella spp. negative by both molecular tests and culture at the time of slaughtering, which showed a high
false-positive rate of serological testing. As Y. enterocolitica O9 was not detected in any lymph node samples,
it could be concluded that immunological cross-reaction with this bacterium was not the reason for the few
real-time PCR-positive results among Brucella reactor cows. In conclusion, real-time PCR provides valuable
information about the Brucella species circulating in the slaughtered cows of each region.
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Introduction

ovine brucellosis is most commonly caused

by B. abortus, less regularly by B. melitensis,
and rarely by B. suis, all zoonosis pathogens of the
genus Brucella [1]. Transmission to humans occurs
primarily through contact with infected reproductive
secretions or consumption of infected dairy products
[2]. In cattle, Brucella organisms tend to localize in the
supra-mammary lymph nodes and mammary glands
from which they may be shed into milk [3].

The disease must be eradicated from animals to
control brucellosis in the human, and this is largely
pursued through national tests and slaughter pro-
grams in the endemic areas. To identify Brucella spp.
For infected cows, different methods are available,
but because of the limitations of each test, the exact
diagnosis of brucellosis in cows is still challenging.
Antigen detection tests, such as bacterial culture and
PCR, identify the presence of Brucella spp. directly.
Although bacterial culture is considered the diagnos-
tic gold standard, it is less sensitive, time-consuming,
and labor-intensive, and imposes a serious biohazard
on laboratory personnel [4, 5]. Antibody detection or
serological assays including the Rose Bengal Aggluti-
nation Test (RBT), Standard Tube Agglutination Test
(STAT), Enzyme-Linked Immunosorbent Assay (ELI-
SA), fluorescence polarization assay (FPA), and Com-
plement Fixation Test (CFT) can be used as screening
tests in the control program of brucellosis [4]. How-
ever, these tests are hindered by cross-reactivity be-
tween Brucella species and other Gram-negative bac-
teria, such as Yersinia enterocolitica O9, Escherichia
coli O157, Francisella tularensis, Salmonella urbana,
Vibrio cholera, and stenotrophomonas maltophil-
ia [6]. The structural similarity of smooth lipopoly-
saccharide O-chain between Brucella spp. and these
bacteria, underlies this problem. For example, Mufioz
and colleagues (2005) reported that up to 15% of cattle
herds in brucellosis-free regions produced false-pos-
itive results in serological tests due to cross-reaction
with Yersinia enterocolitica O9 [7]. Consequently,
a single serological test is not sufficiently reliable for
screening individual animals [4]. To improve accu-
racy, at least two antigen and/or antibody detection
tests are required to confirm the cattle brucellosis [8].
According to diagnostic regime recommended by the
World Organization of Animal Health (WOAH), se-
rological tests are applied in Iran to diagnose positive
reactor cows. Serum samples from semi-industrial-
ized and industrialized dairy farms are first screened
by RBT, with positive sera are tested using STAT, in-
cluding Wright’s test, and 2-Mercapto-Ethanol (2ME)
tests. Animals identified as positive reactors are then
slaughtered with biohazard precautions. Because the
test results drive the slaughter decisions, the sensi-
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tivity and the specificity of these tests are critical. So,
paying more attention to the test strategies used to
identify Brucella spp. in farm animals is an important
neglected issue.

In the present study, we tried to evaluate the agree-
ment between serological tests and antigen detection
tests for diagnosing bovine brucellosis. Specifically,
we evaluated how many serologically positive reac-
tor cows could also be confirmed by bacterial culture,
conventional PCR, and real-time PCR. An additional
objective was to identify the Brucella species infecting
cows of Fars province, Iran. Consequently, the pres-
ence of Yersinia entrocolitica O9 strain in the lymph
nodes of cows was determined to be a probable cause
of false-positive results in the brucellosis serological
tests.

Result

Out of 98 lymph node samples collected from
positive reactor cows, conventional PCR detected
Brucella genus in 15 samples (15.3%) (Figure 1).

The Bruce-ladder multiplex PCR, designed for
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Figure 1.

The gel picture of conventional PCR for Brucella spp. detection.
A 223 bp band is obvious in the positive PCR products. Lane 2
shows a 100 bp DNA ladder. Lanes 3 and 4 have different concen-
trations of positive controls, and lane 1 has no template controls
(NTC). Other lanes show samples. An Aliquot of B. abortus IRIBA
vaccine (Razi, Iran) was used as the positive control.

Brucella spp absence in most positive reactor cows
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specie level identification of Brucella, did not produce
any PCR band from DNA extracted from lymph node
tissues. However, when applied to DNA extracted
from cultured Brucella isolates, the Bruce-ladder PCR
was successfully differentiated the species of Brucella
isolates (Figure 2).

Real-time PCR analysis identified 21 Brucella

Figure 2.

The gel picture of the Bruce ladder.

Lane 1 was a 100 bp DNA ladder. Lanes 2 to 5 were B. abortus
from cultured bacterial colonies indicated by 152, 587, and 1682
bp bands. Lane 6 was B. abortus IRIBA strain positive control,
which was similar to the RB51 strain, showing 152, 587, and 2524
bp bands on the gel, and lane 7 was B. melitensis Rev1 strain posi-
tive control, confirmed by 152, 218, 587, 1071, and 1682 bp bands.
As 450 and 794 bp bands of the original Bruce ladder did not
apply to B. melitensis and B. abortus identification, their primers
were not used in Bruce ladder PCR.

B. abortus
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Figure 3.
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spp. positive samples (21.4%) out of 98 lymph nodes
tested. Melting peak analysis and sequencing of PCR
products confirmed all positive samples were B. abor-
tus (Figure 3). No statistically significant relationship
was observed between real-time PCR-positive sam-
ples and the level of 2ME Brucella titer.

Brucella spp. was isolated from only 5 samples
(5.1%) in bacterial culture, all of which were identi-
fied as B. abortus using Bruce ladder multiplex PCR.

Given that only 21.4% of positive reactor cows
were confirmed positive by real-time PCR, further
investigation was conducted to explore the probable
reason. As Y. entrocolitica O9 strain was one of the
bacteria that might cause serological cross-reactions
with B. abortus (CSFPH 2018), the prevalence of this
strain was evaluated in the lymph node samples. Al-
though 20 lymph node samples tested positive for Y.
entrocolitica, none were identified as an O9 serotype.

Discussion

The study demonstrated that among 98 lymph
node samples collected from positive reactor cows,
Brucella spp. was detected only in 15 (15.3%) and 21
(21.4%) samples by conventional PCR and real-time
PCR, respectively. In a similar study, O'Leary and
colleagues (2006) applied conventional and real-time
PCR to different samples from serologically Brucella
spp. positive cows, slaughtered under Ireland’s eradi-
cation program. They reported B. abortus detected in 3
(14.2%) and 4 (19%) out of 21 supra-mammary lymph
nodes samples using conventional and real-time PCR,
respectively [9], which these results are consistent to
our findings. Also, in another study, Tiwari and col-
leagues (2014) reported that from 132 STAT-positive

B. melitensis

B. melitensis

N

B. abortus

/

g ‘: 0.000

90.00 91,00 83.00 84.00

85.00 8600 6700  88.00  89.00

Temperature

A) Melting peak analysis of B. abortus specific (A) and B. melitensis specific (B) real-time PCR.
The indicator lines show the melting peaks of B. abortus IRIBA strain and B. melitensis Rev1 strain positive controls. The
graphs show that all of the samples have melting peaks similar to that of B. abortus (A) and none of them were located under

B. melitensis melting peak (B).

Brucella spp absence in most positive reactor cows
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serum samples, only 14 sera (10.6%) were positive by
real-time PCR with B4-B5 primers, the same primers
used in our conventional PCR assay [10]. A probable
reason for the low percentage of PCR-positive results
in Tiwari's study may be partly explained by the type
of biological sample, as both our and O’Leary s studies
were conducted on the lymph nodes, whereas Tiwari’s
was based on serum.

O’Leary and colleagues (2006) also compared Bru-
cella spp. detection rate by conventional and real-time
PCR across different sample types, including milk,
blood, and lymph node. They sampled from both su-
pramammary and retropharyngeal lymph nodes and
concluded that the supramammary lymph node is the
most reliable tissue for PCR detection of Brucella spp.
[9]. Their conclusion served as the basis for select-
ing the sample tissue, and the supramammary lymph
nodes were sampled in this research. Nevertheless, ac-
cording to the tropism of Brecella spp. [11], other or-
gans rich in phagocytes, such as the spleen, and organs
of the genital system (such as the uterus), could also be
suitable sample types for Brucella spp. detection.

The real-time PCR result of this study showed that
78.6% of reactor cows were Brucella spp. negative at
the time of slaughtering. Given that the supramam-
mary lymph node is considered one of the best reser-
voirs for Brucella detection in cows [9], these results
suggest that a substantial proportion of reactor cows
may be free of infection and are therefore unlikely to
shed Brucella spp. in milk. These cases were those that
Brucella spp. bacteria do not remain as an active infec-
tion in them. However, their antibody is still detect-
able by serological tests or individuals never infected
with Brucella spp. but exposed to other bacteria that
immunologically cross-react with Brucella spp. Several
organisms are known to cause serological cross-reac-
tions with Brucella, including Yersinia enterocolitica
Q9 strain, Escherichia coli O157, Francisella tularen-
sis, Salmonella urbana, Vibrio cholera, and stenotro-
phomonas maltophilia [6]. As Y. enterocolitica O9
strain was not detected in any lymph node samples,
it could be concluded that immunological cross-reac-
tion with this bacterium was not the reason for the few
real-time PCR-positive results among Brucella reactor
COWS.

In this study, the sensitivity of conventional and
real-time PCR tests was more than that of Brucella
spp. culture. This observation has been inconsistently
reported in the literature. In some studies, PCR sen-
sitivity has been reported more than that of Brucella
spp. culture method [12, 13]. Hamdy and Amin (2002)
compared the sensitivity of PCR and culture methods
on bovine milk samples and reported that the PCR
sensitivity was greater than that of Brucella spp. Cul-
ture [13]. whereas in in another study, they reported
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culture method to outperform PCR [14]. Also, some
researchers reported similar results [9]. This study
uses Farrell's medium, the most widely used Brucel-
la spp. A selective medium was used for the culture
prepared by adding six antibiotics to a basal medium.
Because some strains of B. abortus and B. melitensis
may be inhibited by nalidixic acid and bacitracin, two
antibiotics in the supplement, the use of this medium
may reduce the culture method sensitivity and ex-
plain the fewer positive samples of bacterial culture
than those of PCR methods.

Molecular characterization in this study identi-
fied B. abortus as the predominant species infecting
cattle in Fars province, Iran. This finding was by mul-
tiplex and real-time PCR, and further confirmed by
sequencing. Human brucellosis caused by B. meliten-
sis is more severe than the disease caused by B. abor-
tus [14], and in terms of public health, B. melitensis
is considered a more important zoonosis pathogen.
Similar to this study, there are many reports that only
isolated B. abortus from cow samples from Turkey
[15], Pakistan [16], Ireland [9], and Uganda [17], but
also there are some studies that isolated B. melitensis
in addition to B. abortus from cows [18]. The most
similar study to ours was performed by Sharifiyazdi
et al. (2010), who isolated 17 Brucella spp. from 95
positive reactor cows in the same province; of which
only one was B. melitensis, and the others were B.
abortus [19]. By comparing these results, it could be
concluded that the Brucella species infecting cows of
this region have not changed from 14 years ago, and
cows in Fars province are not the source of human B.
melitensis infections.

Finally, it could be concluded that the current
serological test combination was conducted in Iran
according to WOAH to diagnose the Brucella spp.
antigen detection tests do not confirm infected cows.
We have to know that the lack of specificity in the test
regime could waste many healthy cows, limiting the
government’s potential to widen the brucellosis erad-
ication program to all of the farm animal population,
including non-industrialized native cows and sheep.
Although real-time PCR is not currently feasible as
a routine diagnostic tool directly on serum sample,
this test could provide valuable information about the
Brucella species circulating in the slaughtered cows of
each region.

Materials and Methods
Cattle Herds and Sampling

Serum sampling was performed on semi-industrialized and
industrialized dairy farms across all regions of Fars province, Iran,
under the national brucellosis control program. All cows were lac-
tating Holstein or crossbreeds, raised in the intensive farms. They

Brucella spp absence in most positive reactor cows



RESEARCH ARTICLE

had been vaccinated against brucellosis following to the Iranian
Veterinary Organization (IVO) guidelines [20] using a vaccine
(RVSRI, Iran) containing the IRIBA strain of B. abortus. Infect-
ed cows were diagnosed using serological assays, including RBT,
Wright's agglutination tests, 2-ME agglutination tests, performed
in IVO laboratories according to the WOAH guidelines [4]. RBT
was applied as the initial screening test, with RBT-Positive sera
further evaluated by Wright’s agglutination tests and 2-ME ag-
glutination tests. Interpretation of results took into account cow
age, vaccination history, and the prior brucellosis condition of the
sampled farm. The positive RBT cows would be divided into pos-
itive reactors (> 4/80 Wright and 4/40 2-ME titers), doubtful, and
negative (< 1/20 in both tests) cases. Brucellosis cases were retest-
ed 3 to 4 weeks later to confirm their status [20].

In this study, supramammary lymph nodes were sampled
from 98 serologically Brucella spp. positive cows from 20 farms in
Fars province, Iran. Lymph nodes were obtained after slaughter-
ing under the national brucellosis control program. Samples were
transferred to the laboratory in cool boxes and stored at -20 °C
until use.

Bacterial culture

One of the supramammary lymph nodes was transferred to
the laboratory of the Department of Brucellosis, Razi Vaccine and
Serum Research Institute (RVSRI), Iran, the only nationally au-
thorized laboratory for Brucella spp. culture from animal samples.
Samples were cultured on Brucella-specific agar enhanced with
7% defibrinated sheep blood and Brucella supplement (Oxoid,
UK). The supplement contained the following quantities of antibi-
otics for 1 liter of agar: polymyxin B sulfate (5000 IU); bacitracin
(25,000 IU); natamycin (50 mg); nalidixic acid (5 mg); nystatin
(100,000 IU); vancomycin (20 mg). Plates were incubated at 37°C
in 10% CO2 for 21 days. Colonies were identified as Brucella spp.
based on morphology, serology, and conventional biochemical as-
says (catalase, oxidase, and urease tests).

DNA extraction

The second supramammary lymph node was used for DNA
extraction. Firstly, an emulsion was prepared using a pestle and
mortar from 100 pg ground section of each lymph node. Nucleic
acid was extracted using a bacterial DNA isolation kit (Denazist
Asia, Iran) from emulsion samples according to the manufactur-
er's instructions. Some of the extracted DNA was electrophoresed
on a 1% agarose gel to check the integrity and purity and the quan-
tity of extracted DNA were determine using a Nanodrop (Bioteck,
USA).

Conventional PCR of Brucella spp.

To detect the Brucella genus, a PCR test was conducted in all
DNA samples using the following primers: B4: '5-TGGCTCG-
GTTGCCAATATCAA-'3 and B5: '5-CGCGCTTGCCTTTCAG-
GTCTG-'3 [21]. A total volume of 25 ul consisted of 1 ul b4
primer (10uM), 1 pl b5 primer (10uM), 12.5 ul Red master mix
(Ampligon, Denmark), 5.5 ul molecular grade water, and 5 pl tem-
plate DNA. A thermal cycler (BioIntelectica, Canada) was used to
run the following PCR program: 5 min at 95 °C as initial dena-
turation, and 35 cycles of 95 °C 1 min, 63 °C 30 sec, and 72 °C
1 min, followed by 72 °C 10 min.

Multiplex PCR of Brucella spp.

Species-level identification of Brucella was performed using
the Bruce ladder multiplex PCR. This assay combines eight prim-
er pairs in a single PCR reaction, and Brucella species are iden-
tified based on each sample's different PCR bands (ladder) [22].
As the bands created by two primer pairs known as BMEI0535f-
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BMEI0536r and BMEI1436f- BMEI1435r were similar in B. abor-
tus and B. melitensis species (expected Brucella species in cow),
they were not incorporated in a master mix of multiplex PCR,
leaving six primer pairs, as shown in the Table 1.

The thermal program consisted of 95 °C 15 min, 35 cycles of
95 °C 35 sec, 63 °C 45 sec, 72 °C 1 min, and finally 72 °C 10
min. 0.62 pl of each forward and 0.62 pl of each reverse primer (10
uM), 12.5 ul of Tempase master mix (Ampliqon, Denmark), and
2.5 pl of DNA sample were mixed (25 pl total volume).

Real-time PCR of Brucella spp.

Two individual Real-time PCR were performed to identify
two species of Brucella (B. abortus and B. melitensis) in all DNA
samples using a high-resolution melting (HRM) program. Each
real-time PCR differentiates one species from others by compar-
ing the melting peak of an unknown PCR product versus that of
a certified positive PCR product. These tests were designed based
on a single nucleotide difference in the glk gene of B. abortus and
the int-hyp gene of B. melitensis, with the nucleotide sequence of
other species, which causes a slight difference in melting peaks.
Real-time PCR primer pairs specific for B. abortus and those spe-
cific for B. melitensis were named Boa and Bmel, respectively.
Their sequences were:

Boa For: '5-GACCTCTTCGCCACCTATCTGG-"3

Boa Rev: '5- CCTTGTGCGGGGCCTTGTCCT-'3

Bmel For:'5- GAGCGATCTTTACACCCTTGT-'3

Bmel Rev:'5- GGACGGTGTAATAAACCCATTGG-"3 [23].

A common thermal program was run by the Light Cycler 96°
instrument (Roche, Germany) as follows: initial denaturation of
95 °C for 10 min, then 95 °C for 10 sec and 60 °C for 50 sec
repeated 40 cycles followed by HRM program from 65 °C to 95
°C by 0.2 °C /step ramp rate. Some real-time PCR products were
sequenced to ensure the substitution of one nucleotide in the glk
gene of B. abortus.

PCR tests for the detection of Yersinia entrocolitica O9 strain

Two PCR tests were set up to evaluate the Yersinia entrocolit-
ica strain O9 infected cows. Firstly, a PCR test for the detection of
all strains of Yersinia entrocolitica was conducted, and then anoth-
er PCR test was performed on the positive samples of the first PCR
to detect specifically the O9 strain. In the first PCR, 227Fmod:
('5-GTCTGGGCTTTGCTGGTC-"3), and YER2: ('5-ATCTTG-
GTTATCGCCATTCG-"3) primer pair targeting ompF gene, and
in the second PCR, perF: ('5-GACGGGGGCAAAAGTAGT-"3),
and perR: ('5-CTATTGGGAACACCTCTGGA-"3) primer pair
[24] targeting perosamine synthetase gene were used.

In both PCRs, the same master mix components (unless prim-
ers), and a common thermal program were applied. For 20 ul to-
tal volume of each Y. entrocolitica PCR test, 1 pl of each related
primer (10uM) was added to 10 ul Red master mix (Ampliqon,
Denmark), 5 ul PCR grade water and 3 pl extracted DNA. Follow-
ing thermal program: firstly, 95 °C 5 min as initial denaturation,
followed by 40 cycles of 95 °C 20 sec, 60 °C 30 sec, 72 °C 30
sec, and finally, 72 °C 7 min as the final extension was applied to
PCR microtubes.

To visualize the bands, the PCR products of conventional and
multiplex PCR were electrophoresed in 1.5% agarose gels stained
with RedSafe (Intron Biotechnology, Korea). The gel pictures were
caught by a gel documentation system.

Statistical analysis

Chi-square (x2) tests were used to compare the amount of se-
rological 2ME titer and the presence of B. abortus in the lymph
node samples.

Figure 4 represents a graphical abstract of the materials and
methods section.
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Table 1.

Names, sequences, amplicon sizes, and target genes of primer pairs used for multiplex PCR, known as Bruce-ladder.
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. Sg_® Amplicon
Primer name Sequence (*5-'3) size (bp) Target
BMEI0998f ATC CTA TTG CCC CGA TAA GG
1,682 Glycosyltransferase, gene wboA
BMEI0997r GCT TCG CAT TTT CAC TGT AGC
BMEII0843f TTT ACA CAG GCA ATC CAG CA )
1071 Outer membrane protein, gene
BMEIT0844r GCG TCC AGT TGT TGT TGA TG omp31
BMEII0428f GCC GCT ATT ATG TGG ACT GG Erythritol catabolism, gene eryC
587 (Derythrulose- 1- phosphate dehy-
BMEI10428r AAT GACTTC ACG GTCGTT CG drogenase)
BR0953f GGA ACA CTA CGCCACCTT GT
1,071 ABC transporter binding protein
BR0953r GAT GGA GCA AACGCT GAAG
BMEI0752f CAG GCA AACCCT CAGAAGC
218 Ribosomal protein S12, gene rpsL
BMEI0752r GAT GTG GTA ACG CAC ACC AA
BMEII0987f CGC AGA CAGTGA CCATCA AA L.
152 Transcriptional regulator, CRP
BMEII0987r GTA TTC AGC CCC CGT TAC CT family

As BMEI0535f-BMEI0536r and BMEI1436f- BMEI1435r did not apply to B. melitensis and B. abortus identification,
these two pairs were deleted from the original Bruce-ladder primers.
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Figure 4.

Graphical abstract.
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The diagram shows the sampling and the type of experiments conducted in this study.
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case report
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ABSTRACT

Squamous cell carcinoma (SCC) is a cancerous growth originating from the stratified squamous epithelium
and is the most frequently diagnosed oral tumor in horses. This case report describes the clinical, imaging,
and histopathological characteristics of gingival SCC in a 23-year-old Budyonny gelding with a history of
multiple unsuccessful treatments, including a prior tumor excision attempt. The horse presented with a
large, space-occupying soft tissue mass associated with excessive drooling, and lateral tongue protrusion.
Laboratory findings were consistent with cancer-related anemia, while diagnostic imaging demonstrated
extensive mandibular bone lysis consistent with the tumor’s aggressive nature. Histopathology confirmed
grade III gingival SCC, characterized by keratin pearl formation and a high mitotic index. Due to the poor
prognosis, high treatment costs, and advanced stage of disease, the owner declined further therapeutic in-
tervention. The horse succumbed to the disease and died 6 months after presentation. This case emphasizes
the challenges of managing advanced gingival SCC in equines and underscores the importance of early
detection and timely intervention.
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Introduction

quamous cell carcinoma (SCC), characterized

by the abnormal and rapid proliferation of
stratified squamous epithelial cells [1], is the second
most common tumor and the most frequently report-
ed primary oral neoplasm in horses [2]. Although SCC
generally exhibits a slow growth pattern, some cases
may sometimes exhibit a more rapid clinical course
[1]. Initially, these tumors exhibit a proliferative ten-
dency but often evolve into highly destructive form,
marked by ulceration and extensive infiltration of sur-
rounding tissues [1,3]. Oral squamous cell carcinoma
(OSCC) is a malignant neoplasm originating from the
oral keratinocytes within the stratified squamous ep-
ithelium, predominantly impacting the oral mucosa.
The present report describes the clinical presentation,
histopathological characteristics, and imaging fea-
tures of an invasive grade III OSCC in a 23-year-old
Budyonny gelding, emphasizing the diagnostic diffi-
culties and therapeutic limitations associated with this
condition.

Case Presentation

A 23-year-old Budyonny gelding was brought to the
Veterinary Teaching Hospital at the University of Teh-
ran with a large, space-occupying soft tissue mass in
the rostral mandible, which prevented complete oral
examination. According to the owner, the mass devel-
oped after the extraction of a loose left lower canine
tooth several months prior. The owner reported rapid
and aggressive growth of the mass, accompanied by a
persistent fetid odour, despite previous surgical and
medical attempts at treatments. Initial treatments in-
cluded cleaning the extraction site with salt, disinfect-

—
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ing with chlorhexidine and diluted betadine solution,
and administration of co-trimoxazole. However, the
mass proved resistant to all therapeutic interventions.

Results and Discussion

Clinical findings

On general clinical examination, vital parameters
were within normal limits: rectal temperature 37.6°C,
heart rate 35 beats/min, and respiratory rate 12
breaths/min .The horse was able to defecate and uri-
nate without difficulty. Upon close inspection, a tu-
mor was identified on the dental alveolus of the right
mandible, accompanied by a large fistula connecting
the oral cavity to the cutaneous aspect of the inter-
mandibular space. Suppurative discharge was ob-
served at the defect site, resulting in excessive drool-
ing and lateral protrusion of the tongue (Figurel.A,
B). Despite the oral pathology, the horse maintained
good body condition, without significant weight loss
or reduction in appetite.

Laboratory findings

Blood samples were obtained from the jugular vein
using vacuum tubes containing 10% EDTA for the
assessment of complete blood count and plasma pro-
tein concentrations. The results of the blood sample
were as follows: Haemoglobin 8.6g/dL, Red blood
cells 5.2x 106/uL, HCT 27%, WBC 12800 /uL, Band
neutrophils 640/uL, segmented neutrophils 10800
/uL, lymphocyte 1280/pL, monocyte 128/uL, and
Fibrinogen 0.4g/dL. The haematological profile in-
dicated normocytic normochromic anaemia, like-
ly cancer-related. Additionally, a relatively elevated
band neutrophil count with a degenerative left shift

>

Figure 1.

Gross and radiographic images,
(A) A prominent mass at the site of
the labial gingiva in the oral cavity.
(B) A discharging sinus tract with
purulent material and pus under-
neath. (C) Lateral radiograph of
the rostral aspect of the mandible,
demonstrating severe osteolysis
associated with squamous cell car-
cinoma.
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was observed, suggesting a systemic inflammatory
response [4].

Diagnostic imaging findings

Lateral and dorsoventral views of the mandible
demonstrated severe mandibular bone lysis between
the incisor and premolar check teeth, along with sig-
nificant bone proliferation within the adjacent soft
tissue mass (Figurel.C). These radiographic findings
were highly suggestive of a neoplastic process.

Histopathological findings

A preliminary mass biopsy was performed with the
horse standing under sedation (xylazine 2%,0.5mg/
kg) and local analgesia (lidocaine 2%). The tissue
samples were subsequently preserved in 10% neu-
tral buffered formalin, processed accordingly, em-
bedded in paraffin, sectioned to a thickness of 5pm,
and stained with H&E. Slides were examined under a
light microscope. (Olympus, CX33). Histopatholog-
ical analysis of the specimens confirmed a diagnosis
of grade III OSCC, characterized by tumor devel-
opment originating from peripheral basal-like cells.
This progression occurred through the layers of the
stratified squamous epithelium, ultimately resulting
in the formation of a central keratin pearl due to ke-
ratinization. (Figure2.A). Areas of viable tumor cells
transitioned to zones of necrosis, characterized by a
loss of structural integrity and replacement with eo-
sinophilic proteinaceous material and cellular debris
(Figure2.B). Additionally, small blood vessels were
observed near the tumor nests, often with inflamma-
tory cells marginating along the endothelial surfaces.
The tumor cells displayed significant nuclear poly-
morphism, indicating a moderately to highly abun-
dant number of mitotic cells, with the mitotic count

Figure 2.
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ranging from 5 to 9 per high-power field. Further-
more, evidence of lymphovascular invasion was also
observed, as tumor cells were identified within endo-
thelial-lined spaces (lymphatics or blood vessels).

Outcome

Given the horse’s condition, a rostral hemimandi-
bulectomy was recommended as the treatment of
choice. However, owner declined surgical interven-
tion due to the poor prognosis, high financial costs,
and emotional considerations. Follow-up revealed
that the horse succumbed to the disease and died six
months after presentation.

This study describes the clinical, laboratory, and his-
topathological features of an invasive case of OSCC in
a 23-years-oldBudyonny horse, highlighting the chal-
lenges of managing and treating oral cavity neoplasia
in equines.

SCC is a malignant tumor that originates from epi-
thelial cells derived from either ectodermal or endo-
dermal tissues [5]. OSCC has been documented in
a variety of specious, including horses, cattle, sheep,
goats, rats, hamsters, rabbits, ferrets, hedgehogs, and
numerous other laboratory, domestic and wild ani-
mals [6]. In dogs, SCC ranks among the three most
prevalent oral cancers, while in cats it is the most
common [7]. In horses, SCC frequently arises in the
genitalia, ocular and periocular tissues, and stom-
ach. Less frequently, it appears in the oesophagus,
skin, hard palate, arytenoid cartilage, guttural pouch,
maxillary sinus, perineal tissues, peritoneal cavity,
maxilla, lymph nodes, nasal cavity and mucosal sur-
faces such as gingiva, tongue, larynx, pharynx, and
palate [3,8,9]. Although OSCC is the most prevalent
primary oral neoplasm in horses, it remains relative-
ly uncommon condition for only about 7% of all

Histopathological images, (A)clusters of well differentiated malignant squamous epithelial cells showing progression from peripheral
basal like cells through stratified squamous epithelium with keratinization forming a central keratin pearl (yellow arrow) - H&E stain,
40X objective. (B) Tumour cells (white arrow) with mitotic figures and pleomorphism, areas of necrosis (*) characterized by loss of
structure and replacement with eosinophilic (pink) proteinaceous material and cellular debris - H&E stain, 40X objective.
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equine SCC cases [2,10].Nonpigmented skin regions,
especially those with high exposure to light, exhibit
a greater vulnerability to the development of OSCC.
Mucocutaneous junctions are particularly vulnerable,
even outside the oral cavity [11]. Age is also a factor
and older horses have a higher susceptibility to OSCC.
The horse in this case was 23 years old, placing it with-
in a high-risk group. The exact pathogenesis of OSCC
in horses remains unclear [1].

The simultaneous presence of long-standing in-
fection or granulation tissue proliferation can com-
plicate the accurate diagnosis of mandibular tumors
[12]. Differential diagnoses for equines OSCC, in-
clude equine sarcoid, papilloma, mast cell tumor,
exuberant granulation tissue, habronemiasis, phyco-
mycosis, cutaneous lymphoma, melanoma, ossifying
fibroma, hemangiosarcoma, myxomatous tumors,
salivary adenocarcinoma, and basal cell carcinoma
[11,12,14,15].

Radiography is useful for evaluating the tumor
extent; though radiographic appearance can vary
widely. In our study, severe mandibular bone lysis and
irregular periosteal reactions suggested neoplasia.
Other potential differential diagnoses for these radio-
graphic findings include apical sepsis, osteomyelitis,
and trauma [5]. Computed tomography can be help-
ful in differentiating various forms of SCC from other
skull pathologies. Unfortunately, we were unable to
perform computed tomography on our case, as the
horse passed away at a considerably distant location
from our facility.

Histopathological grading of SCC is based on the
degree of cellular anaplasia in samples collected via
biopsy or surgical excision. Well-differentiated SCC
(grade I) exhibits minimal atypia in basal or parabas-
al cells, while poorly differentiated SCC (grade III)
shows little to no architectural or cellular resemblance
to normal tissue. Grade II tumors have features be-
tween the criteria for grade I and grade III [7]. In the
case, the gelding presented with a large, destructive
mandibular mass accompanied by infection, granulo-
matous tissue, and a purulent sinus tract.

Definitive diagnosis requires biopsy specimens
from both the neoplastic tissue and the marginal
zone, which are then prepared for histopathological
examination. In the present case, histopathology con-
firmed grade III OSCC. It is advisable to perform fine
needle aspiration (FNA) or biopsy of regional lymph
nodes to assess the possibility of metastasis. Howev-
er, mandibular lymphadenopathy in horses with oral
neoplasia, often results by reactive inflammation rath-
er than metastatic disease; thus, the results of lymph
node biopsy or FNA are not always conclusive for
metastases [1,11]. A retrospective study of 114 equine
penile and preputial neoplasms reported metastasis
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most frequently in grade III tumors [13]. In our case,
the owner declined any further diagnostic, so lymph
node metastasis could not be assessed .

Treatment success depends on many factors but
mostly related to mass including type, size and ac-
cessibility [8]. Multiple strategies have been suggest-
ed for the treatment of SCC, encompassing surgical
intervention, cryotherapy, hyperthermia, radiother-
apy, chemotherapy, and photodynamic therapy. The
success of these treatment options varies by tumour
aggressiveness, accessibility, and chronicity [11]. Tu-
mors in the rostral oral cavity are often easier to treat
since they are typically detected early and can be ex-
cised surgically or accessed for intralesional chemo-
therapy and radiotherapy. Although surgical excision
has been shown effective in treating OSCC, achieving
complete removal is often challenging, particularly in
difficult-to-access locations, where complete excision
may be impossible, leading to high consequently, re-
currence rates [1,10]. In this case, the lesion’s extensive
nature, coupled with a secondary infection, signifi-
cantly worsened the prognosis. The owner declined
treatment owing to the associated risks and elected to
keep the horse comfortable without active treatment,
despite medical recommendations for pain manage-
ment and surgical intervention. OSCC typically pres-
ents a challenging prognosis for resolution, particu-
larly when metastasis to regional lymph nodes occurs,
which significantly deteriorates the overall outlook
and may impact the decision-making process regard-
ing the commencement of treatment and even may
affect the decision to commence treatment [8,11,16].
These tumours extensively infiltrate surrounding tis-
sues, including bone, and may metastasize to local
lymph nodes and the lungs, compounding the unfa-
vourable prognosis for effective treatments.
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Errata

The Iranian Journal of Veterinary Science and Technology publishes correc-
tions when they are significant to scientific data, record-keeping, authorship, or
patient care, whether the error was made by an author, editor, or staft during ar-
ticle processing. Errata also appear in the online version and are attached to files
downloaded from ijvst.um.ac.ir.

In the article entitled “A comparison of bacteriological culture, serologi-
cal and qPCR methods detecting Brucellosis in ewes with a history of abor-
tion” by Aminzadeh M.]J., Rahmani H.K., Hashemi K., Khaleghnia N., Azizza-
deh M., and Mirshokraei P., published in Vol. 15, No. 4 (2023), DOI:10.22067/
ijvst.2023.82928.1268, errors were identified in Figures 1, 2, and 3. These figures
have now been replaced with the correct versions (https://ijvst.um.ac.ir/arti-
cle_44331.html).

We apologize to the readers for this error. The article has been updated on-
line to reflect the corrected figures.
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Figure 1.
PCR product of GAPDH gene. Lane I:

200 —i 100-bp DNA size marker (100-1500 bp);
Lane 2-8: GAPDH gene; Lane 9: Negative
control; Lane 10: Positive control.
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1

Figure 2.
PCR product of Brucella spp. Lane 1: 50-bp
23 DNA size marker (50-1k bp); Lane 2-8: Brucella
spp.; Lane 9: Negative control; Lane 10: Positive
control.
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Figure 3.
218 Differentiation of B. abortus, B. melitensis,
200 RB51, and Rev.1 vaccine strains by Bruce-lad-
der multiplex PCR. Lane 1: 100 bp Plus DNA
152 .
size marker (100-3k bp); Lane 2: B. abortus;
Lane 3: B. melitensis; Lane 4: B. abortus RB51
vaccine strain; Lane 5: B. melitensis Rev.1 vac-
100 cine strain.
Evaluation of Three Assays for Detection of Brucellosis in Ewes Aminzadeh MJ. et al., IJVST 2023; Vol.15, No.4
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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
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.
Copyright assignment form (can be downloaded from IJVST website)
Conflict of interest and author agreement form (can be downloaded from the IJVST website)
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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 submitted to IJVST should neither be published previously nor be under consideration
for publication in another journal. The main article types are as follows:

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, Introduction,
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 advanc-
es 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, Introduc-
tion, 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.

Submission Process
Manuscripts for IJVST should be submitted online at https://ijvst.um.ac.ir/ .
The submitting author, who is generally the corresponding author, is responsible for the manuscript

during the submission and peer-review process. The submitting author must ensure that all eligible
co-authors have been included in the tittle page and that they have all read and approved the submit-
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ted version of the manuscript.

To submit your manuscript, register and log in (https://ijvst.um.ac.ir/contacts?_action=login-
Form). All co-authors can see the manuscript details in the submission system, if they register and log
in using the e-mail address provided during manuscript submission.

Reviewer Suggestions: During the submission process, please suggest three potential reviewers with
the appropriate expertise to review the manuscript. The editors will not necessarily approach these
referees. Please provide detailed contact information (address, homepage, phone, e-mail address).
The proposed referees should neither be current collaborators of the co-authors nor have published
with any of the co-authors of the manuscript within the last three years. Proposed reviewers should
be from different institutions to the authors. You may identify appropriate Editorial Board members
of the journal as potential reviewers. You may suggest reviewers from among the authors that you fre-
quently cite in your paper. For detailed information regarding the qualifications and responsibilities
of the reviewers, please visit Review Guide.

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

Accepted file format

Authors are encouraged to use the Microsoft Word template to prepare their manuscript. Using the
template file will substantially shorten the time to complete copy-editing and publication of accepted
manuscripts. The total amount of data for all files must not exceed 120 MB. If this is a problem, please
contact the Editorial Office ijvst@um.ac.ir. Accepted file formats are:

Microsoft Word: Manuscripts prepared in Microsoft Word must be written in English, with Abstract
in both English and Persian (where applicable), 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. Templates can be downloaded from the following links:

Template MS Word file for Title page (https://ijvst.um.ac.ir/page_3.html).

Template MS Word file for Original articles (https://ijvst.um.ac.ir/page_3.html).
Template MS Word file for Short Communication (https://ijvst.um.ac.ir/page_3.html).
Template MS Word file for Case Report (https://ijvst.um.ac.ir/page_3.html).

Template MS Word file for Tables (https://ijvst.um.ac.ir/page_3.html).

Template MS Word file for Persian Abstract (https://ijvst.um.ac.ir/page_3.html).

Tables: Please submit tables as individual files and editable text and not as images. Place all table
notes below the table body. Each table should have a title which is followed by explanation of re-
sults shown in the table. Use of vertical rules must be avoided. Tables should be self-explanatory, and
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clearly arranged. Tables should provide easier understanding and not duplicate information already
included in the text or figures. Each table should be typewritten with double spacing on a separate
file and numbered in order of citation in the text with Arabic numerals. Each table should have a
concise heading that makes it comprehensible without reference to the text of the article. Explain any
non-standard abbreviations in a footnote to the table.

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 pro-
vided 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.

Title Page information

Full 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.

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 organizations that could inappropriately influence (bias) their work. Examples of poten-
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tial conflicts of interest 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: For indexing purposes, each submitted manuscript should include three to seven key-
words, following the abstract and preferably chosen from the Medical Subject Headings (MESH).
Keywords should express the precise content of the manuscript.

Abbreviations: Define abbreviations that are not standard in this field in a list to be placed on the tit-
tle page. Such abbreviations that are unavoidable in the abstract must be defined at their first mention
there, as well as in the tittle page. Ensure consistency of abbreviations throughout the article.

Main Text
Introduction: Introduction should be as concise as possible, and clearly explain the main objective
and hypothesis 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.

Discussion: Discussion should include the answer to the question proposed in the introduction and
emphasize 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. Rec-
ommendations, when appropriate, may be included.

Materials and Methods: Materials and methods should be described in sufficient details to allow
other researchers to reproduce the results. Specify any statistical computer programs used .The meth-
ods 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 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 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
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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 ], Kubista M, Mueller R, Nolan T, Pfaffl MW,
Shipley GL, Vandesompele J, Wittwer CT. The MIQE guidelines: minimum information for publica-
tion 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 conce
ntration (either random primers or oligonucleotides), reverse transcriptase and master mix compo-
nents.

qPCR: sequence of forward and reverse primers, probes, amplicon size, accession number of Gen-
ebank;

thermocycler parameters (i.e. denaturation, annealing and extension steps, number of cycles, melt-
ing 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.

Example piece of text and reference list :

An unhealthy diet, obesity and physical inactivity play a role in the onset of type 2 diabetes, but it has
been shown that increased physical activity substantially reduces the risk [1], and participation in
regular physical activity is one of the major recommendation of the evidence based guidelines for the
primary prevention of diseases [2]. According to the 2004-05 National Health Survey, more than half
a million Australians (3.5% of the population) have diabetes mellitus which had been medically diag-
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nosed and most of these people have the Type 2 condition [3]. Gestational diabetes is also on the
increase, rising steadily between 2000-01 and 2005-06 [4]. Approximately two thirds of those
with diabetes have been prescribed medication [3], but it is of concern that a recent review of the
literature found that many people do not take their medication as prescribed [5]. Many patients
also self monitor the disease by measuring their blood glucose levels with a glucose meter but
Song and Lipman [6] have concerns about how well this is managed.

References for the above example:

1. Hull ], Forton ], Thompson A. Paediatric respiratory medicine. Oxford: Oxford University
Press; 2015.

2. Eckerman AK, Dowd T, Chong E, Nixon L, Gray R, Johnson S. Binan goonj: bridging cultures
in Aboriginal health. 3rd ed. Chatswood, NSW: Elsevier Australia; 2010.

3. Johnson C, Anderson SR, Dallimore ], Winser S, Warrell D, Imray C, et al. Oxford handbook
of expedition and wilderness medicine. Oxford: Oxford University Press; 2015.

4. McLatchie GR, Borley NR, Chikwe ], editors. Oxford handbook of clinical surgery. Oxford:
Oxford University Press; 2013.

5. Petitti DB, Crooks VC, Buckwalter JG, Chiu V. Blood pressure levels before dementia. Arch
Neurol. 2005 Jan;62(1):112-6. Doi: 10.1001/archneur.62.1.112 .

6. Liaw S, Hasan I, Wade, V, Canalese R, Kelaher M, Lau P, et al. Improving cultural respect to
improve Aboriginal health in general practice: a multi-perspective pragmatic study. Aust Fam
Physician. 2015;44(6):387-92.Doi: 10.1001/archneur.62.1.112 .

Use of Italics

Gene symbols, Latin terms (i.e. in vivo, in vitro, ex vivo, in utero, in situ, and etc.) and species
scientific 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:

©2025 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 repro-
duction in any medium, as long as the original authors and source are cited. No permission is
required from the authors or the publishers.
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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 signatures
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 correspond-
ing 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 Conflicts 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 partici-
pate. 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
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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
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 Al 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.
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- 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.

-Reviewers are expected to provide technical, professional, and objective comments on the man-
uscripts 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 ap-
propriate citation.

-Reviewers should also bring to the attention of the Editor-in-Chief any significant similarity
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 integrated
recognition of specialized reviewers.

-The Editor-in-Chief is responsible for deciding whether to accept or reject submitted manuscripts
for the journal. This decision takes into consideration several factors, such as the judgment 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 another
member of the editorial board.

-The editors, particularly the Editor-in-Chief, should demonstrate a willingness to investigate cases
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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 reported 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 Flow-
charts. If an investigation supports the ethical concern, the journal will publish a correction, retrac-
tion, 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 dis-
closed in a submitted paper for their own research purposes without obtaining explicit written con-
sent 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.
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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:

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
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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.

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: ijvst@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 sufliciently 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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