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Abbreviations

Coccidiosis is a gastrointestinal disease caused by Eimeria spp in small ruminants. Limited infor-
mation is available regarding the identifi ed Eimeria species in sheep fl ocks in Khorasan Razavi 
Province.  e present study aimed to identify the common Eimeria species and detect the patho-
genic species in sheep and goats fl ocks in the Bajestan area. Between September 2021 to June 2022, 
a total of 400 fecal samples were collected from the rectum of sheep and goats. Samples initially 
were examined using the Willis method for the presence of Eimeria infestation, and then the Oo-
cyst per gram (OPG) OPG level was determined using the Clayton Lane method. Samples with 
high OPG values were cultured in a 2.5% potassium dichromate solution. A er the sporulation of 
the cultured sample, the Eimeria species was identifi ed by the morphological characteristics. Ad-
ditionally, the DNA of sporulated Eimeria oocysts from sheep and goats was extracted and tested 
using the PCR method. Two positive samples of each of these animals were selected and submitted 
for sequencing. In the present study, the prevalence of Eimeria spp infection was 69.5% (139/200) 
in sheep and 69% (138/200) in goats. In morphological studies, Eimeria faurei and Eimeria ovi-
noidalis were identifi ed in sheep, and Eimeria alijevi, Eimeria hirci, and Eimeria christenseni were 
identifi ed in goats. PCR amplifi cation confi rmed the presence of Eimeria spp in positive samples. 
 e fi ndings indicate a high prevalence of mixed Eimeria spp. infection in sheep and goats in the 
Bajestan area. In addition, two Eimeria species in sheep and three species in goats were morpho-
logically identifi ed.
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Introduction  

Coccidiosis is one of the most common world-
wide gastrointestinal disease aff ecting rumi-

nants and poultry [1]. Coccidiosis caused by Eimeria 
spp. is a high-morbidity parasitic disease aff ecting 
various animal species, including sheep and goats [2]. 
Eimeria spp. Infections may result in either acute or 
chronic intestinal disorders in small ruminants and 
are responsible for signifi cant economic losses world-
wide [3].

Eimeria spp. is host-specifi c, which means an 
Eimeria species that infects goats does not infect 
sheep, and vice versa [4]. Many species of Eimeria 
have been identifi ed in sheep and goats.

Among these species, three species of E. ovinoi-
dalis, E. ahsata, and E. crandalis are known as patho-
genic species in sheep, and four species of E. caprina, 
E. ninakohlyakimovi, E. christenseni, and Eimeria ar-
loingi are known as pathogenic species in goats [5]. 
Among the known pathogenic species of Eimeria in 
goats are E. arloingi and E. ninakohlyakimovi that are 
known as the dominant pathogenic species in Iran as 
well as many other parts of the world [6]. 

Environmental and climatic factors are crucial in 
development, survival, and transmission of coccidio-
sis. Eimeria oocysts can survive in the environment 
for extended periods, ranging from a few weeks to 
several months, under favorable conditions moderate 
temperature and adequate humidity [7]. 

Coccidiosis is primarily spread through the inges-
tion of sporulated oocysts of Eimeria spp [8].  e life 
cycle of Eimeria consists of three main stages: asexual 
reproduction (schizogony) and sexual reproduction 
(gametogony) within the host's body, and sporogony 
outside the host in the external environment [9].  e 
location of these stages, whether in the small or large 
intestine, depends on the Eimeria species involved [4]. 

Coccidiosis in small ruminants occurs in both 
clinical and subclinical forms [10].  e clinical form is 
associated with diarrhea and death, while the subclin-
ical form shows weight loss and reduction in animal 
production both in sheep and goats [7,11]. Studies in-
dicate that most domestic ruminants become infected 
with coccidiosis at some point during their lifetime 
[7,12], with lambs between 1 and 6 months of age be-
ing the most susceptible [13]. Adult animals general-
ly exhibit milder clinical signs due to high immunity 
from repeated infections [4,14]. 

Eating colostrum in lambs on the fi rst day of birth 
creates immunity against the disease for several weeks 
a er birth [15,16]. Nevertheless, when animals in-
gest large number of sporulated oocysts, the invasive 
stages of Eimeria spp. can cause enteritis and diarrhea 
[4,17].  is invasion cause destruction of intestinal 
mucosal cells, and cell rupture and may lead to diar-

rhea and dehydration. Also, it may disrupt the absorp-
tion of nutrients, albumin and electrolytes, and, in se-
vere cases anemia, hypoalbuminemia and electrolyte 
imbalance [4]. 

Coccidiosis primarily aff ects young and imma-
ture ruminants, and its clinical manifestation includes 
symptoms such as diarrhea, anorexia, poor growth, 
and weight loss [18]. Although hemorrhagic diar-
rhea due to coccidiosis is less common in lambs and 
kids, it is more prevalent in calves [4,19]. Necropsy 
fi ndings in aff ected small ruminants may include ca-
tarrhal enteritis, bleeding, and infl ammation of the 
mucous membranes of the small and large intestines 
[20]. Coccidiosis is o en a self-limiting disease and 
sometimes improves without specifi c treatment [21]. 
Numerous drugs are prescribed to treat and prevent 
coccidiosis, including amprolium, sulfonamides, lasa-
locid, and monensin. Environmental hygiene should 
be observed to avoid the disease, and rotation of graz-
ing animals is eff ective; drugs can also be used for pre-
vention [22,23]. 

According to studies, Eimeria parasites' prev-
alence in diff erent parts of Iran varies between 16% 
and 89.91 %, and infection with more than one Eime-
ria species has also been reported between 56% and 
100% of positive samples in diff erent herds [24,25, 
26,27,28,29]. Despite the importance of sheep and 
goat breeding in Khorasan province, limited studies 
have investigated the species composition of Eimeria 
species in this region.  erefore, the present study 
aimed to identify common morphological species of 
Eimeria and molecular confi rmation of pathogenic 
species in sheep and goats in the Bajestan area.

Results  
Out of 200 fecal samples collected from sheep in 

the study area , 139 samples were positive for Eime-
ria oocysts, representing a prevalence rate of 69.5%. 
Similarly, among the  200 fecal samples obtained from 
goats, 138 samples were positive, indicating a preva-
lence rate of 69%.  e Clayton lane method was used 
to determine the OPG values in samples that tested 
positive for Eimeria oocysts.  e mean OPG values 
(± standard deviation) recorded for sheep and goats 
during diff erent months are presented in Table 1.

Using the morphological identifi cation keys avail-
able for Eimeria species in goats, E. christenseni (5.5%), 
E. elijoi (13.63%), and E. hirci (0.5%) were identifi ed. 
However, due to the similarity in morphology be-
tween the three species of E.caprina, E. caprovina, and 
E. sefronika (46.96%), and the similarity between the 
two species of E.arloingi and E.jolchijovi (16.16%), 
it was not possible to distinguish these species from 
each other. Accurate identifi cation of these species re-
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quired molecular testing, as shown in Figure 1.
Also, based on the observations made, two spe-

cies of E.faurei (74.74%) and E. ovinoidalis (8.08%) 
were identifi ed in sheep. However, due to the similar-
ity in morphology between the species of E. ahsata, E. 
bacquensis, and E. granulosa (5.05%), it is not possi-
ble to defi nitively distinguish these species from each 
other through morphological methods, and accurate 
identifi cation requires molecular testing as shown in 
(Figure 2).

In this study, two DNA samples extracted from 
Eimeria oocysts collected from goats and sheep were 
tested by PCR along with positive and negative con-
trols. Both sheep and goat samples showed a band 
slightly larger than 300 bp (Figure 3).

Table 1.
OPG level of fecal samples in sheep and goats in diff erent months

GoatSheepResults of OPG
 Month Mean ± SDMean ± SD

85.46 ± 4051.45 ± 104November

38.83 ± 4771.07 ± 57December

162.45 ± 6156.65 ± 39January

338 ± 304.64.23 ± 37February

131.24 ± 8113.51 ± 12March

Figure 1.
A: E.elijoi, B: E. arloingi or E. jolchijovi, C: E. caprina or E. sefron-
ika, D: E.christenseni in goats.

Figure 3.
Electrophoresis results of PCR with special primers; M: Marker 
100 bp, 1, 2: positive sample(goat), 3: positive sample(sheep), 4: 
negative control, 5: positive control.  

Discussion  
 e present study revealed a prevalence of coccid-

iosis of 69.5% in sheep and 69% in goats in the Bajes-
tan area w of Khorasan Razavi Province.  e preva-
lence of coccidiosis has been reported in sheep and 
goats in diff erent studies conducted in various coun-
tries and regions.  e prevalence rates vary from 54% 
to 90.09%, depending on the location, climate, and 
diagnostic methods.  e highest prevalence (90.09%) 
has been reported in China, while the lowest preva-
lence was recorded in Ordon [34,35,36]. 

In Iran, Yakhchali et al. reported a 16.7% preva-
lence of coccidiosis in sheep in Tabriz [37]. Nourolla-
hifar et al. reported a 63% prevalence of coccidiosis in 
sheep in Rudsar [38]. Many Eimeria species have been 
identifi ed in sheep and goats, some of which can cause 
disease. According to studies, E.ovina has the high-
est pathogenicity in sheep; E. ahhsata and E. crandalis 
are next in line, and E. faurei, has low pathogenici-
ty [39]. In goats, E. ninakohlyakimoi and E.caprina 
have the highest pathogenicity, and E. arloingi has low 
pathogenicity [40]. In the present study, morpholog-
ical examination identifi ed E.faurei and E. ovina in 
sheep. However, due to the morphological similarities 
among E.ahhsata, E.granulosa, and E. bukidnonensis, 
a conclusive identifi cation solely based on morpho-
logical characteristics was not possible.

Additionally, in goats, species such as E. elijoyi, E. 
christenseni, and E. hirci were identifi ed using available 
morphological keys. However, the close morphologi-

Figure 2.
A: E. ahsata or E.bacquensis, B: E. faurei, C: E.ovinoidalis in sheep.

B

C D
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cal resemblance between E. arloingi and E. jolchijovi, 
along with similarities among E. caprina, E. caprovina, 
and E.espinosa, prevented an accurate diagnosis from 
being made using the morphological approach[31].

In research carried out by Yakhchali et al. involv-
ing sheep fecal samples from Malayer region, E. faurei 
was found to be the most common species among 
lambs younger than six months of age, and the second 
most common species overall a er E. intracata, [25].

Vasilkova et al. identifi ed E.elijoyi and E. arloingi 
as dominant species in goats following examination 
of various Eimeria species in sheep and goats [41]. In 
this study, the highest prevalence in sheep was related 
to E. faurei, and in goats was related to one of E. capri-
na, E.caprovina, or E. espheronica. 

Interestingly, E. ovinoidea frequently reported as 
a dominant species in sheep in many studies, was re-
ported with low prevalence in this study. In goats, E. 
ninakohlyakimoi was reported with high prevalence in 
various studies, but was not identifi ed in this study. 
 e OPG level recorded in this study did not follow 
a specifi c pattern during diff erent months and fl uctu-
ated during diff erent months. According to studies, 
the OPG level observed in sheep and goats in Bajes-
tan were lower compared to those reported in other 
regions of Iran and the worldwide. Standard meth-
ods for identifying diff erent Eimeria species, includ-
ing morphological and histological approaches, are 
time-consuming and o en lack suffi  cient sensitivity. 
Overlapping morphological characteristics between 
Eimeria species further complicate accurate identifi -
cation.  erefore, the development and evolution of 
molecular diagnostics for identifying and determin-
ing the characteristics of parasites have been very 
helpful [42]. 

 e 18S rRNA gene has been used as a molecu-
lar target to distinguish closely related Eimeria species 
and for conducting phylogenetic analyses. Amplifi ca-
tion of fragments ranging between 384 and 546 bp has 
been eff ectively amplifi ed using primer sets targeting 
the 3' end of the 18S rRNA gene and the 5' end of the 
5.8S rRNA gene within the ITS-1 regions of the Ei-
maria genus [32]. In the present study, PCR results 
confi rmed the presence of Eimeria spp in fecal sam-
ples in sheep and goats. however, sequencing of the 
PCR samples yielded low quality results, which pre-
vented the identifi cation of the dominant species of 
sheep and goats in the Bajestan area. Consequently, it 
is essential to gather a larger number of representative 
samples of various Eimeria species from sheep and 
goats; sequencing these samples can facilitate phylo-
genetic analysis and precise identifi cation of morpho-
logically similar Eimeria species. 

In conclusion, the present study identifi ed E. 
faurei and E. ovinoidalis as the predominant species 

in sheep and E. elijoyi, E. christenseni, and E. hirci 
in goats based on morphological examination. Al-
though, PCR amplifi cation of ITS1 region was suc-
cessfully performed for positive samples, sequencing 
samples had low quality and results were insuffi  cient 
for phylogenetic analysis.

Materials & Methods  
Declaration of Generative AI and AI-assisted 
technologies in the writing process
To reduce noise and preserve fi ne details in microscopic images, AI-
based image enhancement methods were employed."

Sampling 
 is study was conducted from September 2021 to June 2022, and 
fecal samples of sheep and goats were collected to determine the fre-
quency of Eimeria spp infection and identify Eimeria species in Bajes-
tan, Khorasan Razavi province, Iran.
 e sample size was calculated based on a previously reported preva-
lence rate of 20% in Zabol area [28,29]. Accordingly, 200 fecal samples 
per animal were collected. Each month, fecal samples of 40 sheep and 
40 goats were collected directly from the rectum in special containers 
and transferred to the parasitology laboratory of the Faculty of Veter-
inary Medicine at Ferdowsi University of Mashhad.

Microscopic examination
 e fecal samples were examined by the Willis method [30]. Samples 
that tested positive were separated and preserved for further testing. 
Oocysts per gram (OPG) were determined quantitatively by the Clay-
ton Lane method [30]. A er examination, oocysts were purifi ed and 
transferred into 2.5% (w/v) potassium dichromate solution to allow 
sporulated at room temperature [30]. Species identifi cation was per-
formed based on oocyst size and morphology (shape, color, form in-
dex, presence or absence of micropyle and its cap, presence or absence 
of residual, polar, and Stieda bodies of the oocysts and sporocysts). 
One hundred sporulated oocysts were identifi ed using the available 
morphological keys [30,31].  e size of Eimeria oocysts was deter-
mined using a digital microscope.

DNA extraction and PCR test
Positive Samples were isolated, examined under light microscope, 
and preserved for molecular detection. DNA was extracted from 
the fecal samples using Genomic DNA Purifi cation kit (denazist Co, 
Mashhad) following the manufacturer’s instructions. DNA samples 
were kept at −20 °C until processed for PCR assay. 
 e ITS-1 region of Eimeria spp. from each positive sample was am-
plifi ed using PCR and the cycling conditions and primer sequences of 
the forward and reverse primers were as follows: 

Forward: 5'-GCAAAAGTCGTAACACGGTTTCC-3', 
Reverse: 5'CTGCAATTCACAATGCGTATCG-3 

Cycling conditions were: initial denaturation at 94'C for 5 min fol-
lowed by 35 cycles of 94°C for 45 s, 65°C for 1 min and 72°C for 1 min, 
this was followed by a fi nal extension at 72°C for 7 min.  e amplifi -
cation products from ITS-1 rRNA were separated on a 1.8% agarose 
gel containing 1 µl/mL of green viewer for 40–60 min, and then im-
aged. From the PCR products, one positive sample from sheep, and 



5

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGYRESEARCH ARTICLE

Abdollahi  et al., IJVST 2026; Vol.18, No.2
DOI:10.22067/ijvst.2026.94932.1590

Identiĕ cation of Eimeria species in sheep and goats

one from goat were selected and sent for sequencing [32, 33].

Sequencing
PCR positive samples using the primers were submitted for sequenc-
ing to a company in Iran (Topaz- Genekaush Co, Karaj, Iran).  e 
submitted samples were sequenced using the MEGA-4 so ware, and 
a er performing a blast, the sequenced samples from sheep and goats 
did not match any of the registered samples in the gene bank.

Statistical analysis
 e prevalence of Eimeria spp infection in sheep and goats was calcu-
lated by SPSS so ware version 22(IBM company.USA) 
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Introduction  

Myocardial infarction, commonly referred to 
as a heart attack, is acute ischemia condi-

tion that results in irreversible damage to cardiac mus-
cle tissue.  is is commonly caused by blood clots that 
obstruct a coronary artery [1][2].  e clot formation 
or thrombosis that triggers myocardial infarction may 
arise from disrupted endothelial function, platelet 
activation, or coagulation factor imbalances, among 
other factors.  e resulting ischemic injury to cardio-
myocytes leads to cardiac dysfunction and potential 
complications such as arrhythmias, heart failure, or 
sudden cardiac death [3][4]. Researchers o en seek to 
replicate myocardial infarction in laboratory animals 
to study its causes and explore therapeutic interven-
tions. To study the process of the disease in detail, an-
imal models have played a very important role in lab-
oratory investigations for many decades [5]. Among 
available laboratory species, rats are widely used due 
to their cost-eff ectiveness, ease of handling, and ge-
netic similarities to humans.   ese animals have 
helped researchers to create MI models and develop 
many novel therapeutic methods [6]. A variety of ap-
proaches have been developed to induce  MI model 
and the success rate of the investigators depends on 
each method.  e common procedures for the MI 
induction include: permanent ligation (PL), chemi-
cal methods (isoproterenol-induced MI model), and 
cryoinjury. Additionally, the high-fat diet method is 
used to study the pathology of coronary artery diseas-
es (CADs) in animals.  is approach involves feeding 
experimental animals with cholesterol-rich foods for 
a relatively long time, inducing hyperlipidemia, ath-
erosclerosis (AS), and sclerotic plaques, resulting in 
stenosis in blood vessels and myocardial ischemia. 
Although animal models created with a high-fat diet 
closely mimic the natural progression of human CAD 
patients, this approach is labor-intensive and presents 
challenges in precisely controlling myocardial isch-
emia [6]. Rats are frequently selected for CAD studies 
because they are easy to maintain, have high survival 

Abbreviations-Cont'd
CAD: Coronary artery disease
EF: Ejection fraction
ECG: Electrocardiography
FS: Fractional shortening
ISO: Isoproterenol
LAD: Le  anterior descending
LDL: Low-density lipoprotein
LV: Le  ventricle
MI: Myocardial infarction
PL: Permanent ligation
ROS: Reactive oxygen species
TBS: Tris-buff ered saline

rates, and are inexpensive to keep. However, the ab-
sence of a gallbladder and a natural resistance to spon-
taneous anti-AS formation limit their suitability as 
ideal CAD models.  is character makes it diffi  cult to 
induce AS lesions by a high-fat diet alone.  erefore, 
most researchers prefer to use a combination of drugs 
and/or injury to form AS lesions. Although the mor-
phology of AS lesions and plaque rupture positions 
in rats are similar to those in humans, the underlying 
pathogenesis still diff ers from that observed in human 
CAD [6][7]. Pharmacological induction is relatively 
simple and usually uses abdominal, caudal, or sublin-
gual vein injection of pituitrin or isoproterenol (ISO), 
which can result in short-term MI.  e isoprotere-
nol-induced acute myocardial infarction (AMI) mod-
el is a widely used and well-established non-surgical 
approach in rats. ISO is a chemical compound that 
produces extensive necrosis in the ventricular sub-
endocardial region and interventricular septum.  is 
model off ers several advantages over surgical models, 
including low mortality rate, technical simplicity, and 
absence of post-surgical infections. Rats are common-
ly preferred for this model, but several other species, 
like mice and rabbits, are also reported to be used.  e 
ISO-induced MI model is widely used in assessing the 
cardio-protective activity of natural as well as synthet-
ic compounds [6][8]. However, this model is unsuit-
able for investigating autolysis recanalization in clin-
ical settings. In the PL technique, an anesthetized rat 
undergoes le  thoracotomy followed by LAD occlu-
sion.  is method requires surgical le  thoracotomy 
in anesthetized rats, where the LAD is ligated [9][10]. 
LAD ligation induces complete ischemia, leading to 
irreversible oxygen deprivation, signifi cant Area at 
risk (AAR) infarction, and permanent scar formation. 
 is scar tissue is susceptible to pathological remodel-
ing, ultimately contributing to the progression of heart 
failure. Furthermore, the anatomical site of coronary 
occlusion signifi cantly infl uences the infarction ex-
tent, with proximal ligations producing larger infarcts 
than distal occlusions; occlusion closer to the heart’s 
base results in a larger and more severe injury.  e 
PL technique typically produces extensive myocardial 
damage, with infarcts generally encompassing 30-40% 
of the total myocardial area [6][11]. A major advan-
tage of employing the PL method is that it results in a 
substantial infarction, leading to clearer distinctions 
in cardiac function between sham-operated and MI 
animals [12].  e surgical ligation model is a widely 
used method for inducing AMI by ligating diff erent 
regions of the coronary artery, with the LAD coronary 
artery ligation being the most common.  is method 
was fi rst introduced by Johns and Olson in 1954 and 
has since been adapted for use in both small and large 
animal species. Mice and rats are commonly employed 
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Results  

in laboratory settings for surgical ligation due to their 
numerous benefi ts compared to larger animals.  e 
main limitations of LAD model are high mortality 
rate, post-surgical infection, variation in infarct size 
from 4-59%, requirement of expert hands, and an arti-
fi cial ventilator. Performing this technique on mice is 
challenging and necessitates advanced surgical profi -
ciency with microsurgical techniques. Complications 
can arise due to tissue damage, high perioperative 
mortality rates, intraoperative bleeding, lung damage 
or collapse, ligation errors, or inadequate ventilation. 
Cryoinjury represents an alternative method for in-
ducing permanent myocardial injury. In this model, 
a pre-cooled rod at -196°C  is applied to the heart, for 
multiple times, to cause injury. Cryoinjury leads to 
progressive structural reorganization and volumetric 
expansion of the le  ventricular chamber [12].  e 
cryoinjury technique models myocardial infarction 
through controlled focal freezing of cardiac tissue. 
 e cryo-infarction technique has been explored as a 
viable method for inducing MI in experimental mod-
els.  e cryoinjury model produces well-defi ned myo-
cardial damage characterized by histological features 
typical of infarction, including coagulation necrosis, 
hemorrhagic regions, infl ammatory responses, and 
subsequent tissue repair with scar formation.  is 
pathological progression ultimately results in heart 
failure, closely mimicking the outcomes observed in 
LAD ligation models, while providing a valuable al-
ternative for investigating cardiac injury. Compared 
to surgical occlusion techniques, the cryodamage 
approach demonstrates superior technical simplicity 
and experimental reproducibility, as it eliminates the 
need for intricate vascular interventions [4].  In the 
present study, we propose that cryoinjury provides an 
optimal balance between reproducibility and phys-
iological relevance for modeling MI and associated 
immune responses in rats. To our knowledge, no pre-
vious study has systematically compared cryoinjury 
with established MI induction methods.

Cryo-induced myocardial infarction produces 
localized necrosis comparable to LAD ligation

 e cryo method successfully induced myocar-
dial infarction in rats. Post-procedure, a bright white 
and sunken region was observed at the site of cryo-in-
jury, confi rming the induction of localized infarction. 
Notably, this color change closely resembled the pale 
necrotic regions typically observed in LAD-ligation 
models, indicating a comparable loss of tissue viabil-
ity. Quantitative analysis using TTC-stained sections 
revealed an infarct size of 12.52% in cryo-MI hearts 

(Figure 1A, B).

Figure 1.
Cryo-induced myocardial infarction shows pale necrotic regions 
compared to uniform red tissue in sham hearts. (A)  e top row 
shows cryo-induced myocardial infarction, characterized by pale 
regions indicating infarcted tissue, while the bottom row rep-
resents the sham group with uniformly red myocardium, consis-
tent with viable tissue. (B) Higher magnifi cation of representative 
TTC-stained heart sections from sham (le ) and cryo-MI (right) 
groups, 24 h post-surgery.  e infarcted area in the cryo-MI sam-
ple was quantifi ed as 12.52% using ImageJ so ware. Scale bar = 
0.5 cm.

Cryo-induced myocardial infarction is associ-
ated with increased apoptosis and macrophage 
inĕ ltration compared to sham

Immunofl uorescence analysis revealed an in-
creased accumulation of caspase-3 positive cells and 
expression of the macrophage marker CD68, in cryo-
MI hearts compared to sham operated controls, indi-
cating enhanced apoptosis and macrophage infi ltra-
tion (Figures 2, 3). Quantitative analysis confi rmed 
signifi cant diff erences between groups (p < 0.001 for 
caspase-3; and p < 0.01 for CD68).

Cryo-induced myocardial infarction exhibits 
higher early survival than LAD ligation

Qualitative troponin testing was positive in all an-
imals subjected to cryo-MI and LAD-MI procedures, 
whereas sham operated rats consistently tested nega-
tive. Survival analysis revealed a marked diff erence in 
early mortality between the two surgical approaches. 
Within the fi rst 24 h post-surgery, 28 of 95 rats in the 
cryo-MI group died, corresponding to a survival rate 
of 70.59%. In contrast, 64 out of 102 rats in the LAD-
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Figure 2. 
Immunofl uorescence detection and quantifi cation of caspase-3 positive cells in sham and cryo-MI hearts. (A) Immunofl uorescence 
staining of caspase 3 positive cells in sham and cryo-MI groups. Caspase-3 positive cells appear green, and nuclei are counterstained 
with DAPI (blue). Merged images show colocalization. Scale bar represents 100 µm. (B) Quantifi cation was expressed as the percent-
age of caspase-3 positive cells relative to total nuclei. Quantitative analysis reveals a signifi cant increase in caspase-3 expression in the 
cryo-MI group compared to sham (p < 0.001) (48 h a er MI).

Figure 3.
Increased CD68+ macrophage infi ltration in cryo-induced myocardial infarction compared to sham controls. (A) Immunofl uores-
cence staining of CD68+ macrophages in sham and cryo-MI groups. CD68+  cells are shown in green, and nuclei are counterstained 
with DAPI (blue). Merged images illustrate macrophage localization within cardiac tissue. (B) Quantifi cation was expressed as the 
percentage of CD68+  cells relative to total nuclei. Bar graph showing a signifi cant increase in CD68+  macrophage infi ltration in the 
cryo-MI group compared to sham controls (p < 0.01) (48 h a er MI). Scale bar represents 100 µm.
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MI group died during the same period, resulting in a 
substantially lower survival rate of 38.76% (Table 1), 
indicating higher early mortality in LAD-MI.

Cryo- and LAD-induced myocardial infarction 
cause ST-segment elevation and rhythm alter-
ations

ECG recordings demonstrated pronounced 
ST-segment elevation in both cryo-MI and LAD-
MI groups compared with sham controls (Figure 4). 
LAD-MI produced severe rhythm disturbances and 
high-amplitude changes, whereas cryo-MI exhibited 
abnormal but less pronounced alterations, consistent 
with localized myocardial damage.

Table 1.
Survival ration of surgical procedures. 

Survival 
percentage of 
rats 24 h a er 

surgery

Number of 
surviving 

rats 24 h a er 
surgery

Total num-
ber of rats

Type of 
surgery

70.526795Cryo

38.7638102LAD

Cryo- and LAD-induced myocardial infarction 
cause persistent decline in cardiac function

Serial echocardiography demonstrated signifi cant 
reductions in fractional shortening (FS) and ejection 
fraction (EF) in both cryo-MI and LAD-MI groups 
compared with sham controls (Figure 5 A, B). Both 
MI models exhibited a sharp decline in FS and EF as 
early as day 1 post-surgery, followed by partial func-
tional recovery by day 28 and persistent dysfunction 
through day 55. In contrast, sham-operated animals 
maintained stable FS and EF values throughout the 
study, indicating that cryo- and LAD-induced infarc-
tion result in sustained impairment of cardiac con-
tractility.

Cryo-induced MI causes greater ĕ brotic remod-
eling than LAD ligation

Histological analysis revealed normal myocardial 
architecture, characterized by intact cardiomyocytes 
and preserved tissue organization in sham hearts 
(Figure 6I, 6II). In contrast, LAD-MI hearts at day 7 
post-infarction, exhibited severe pathological alter-
ations, including interstitial edema, mixed infl amma-
tory infi ltrates within the pericardium, cardiomyocyte 

Figure 4.
Representative ECG wave-
forms in sham and MI models 
of myocardial infarction.
(A) Normal ECG pattern from 
sham-operated rats. (B) ECG 
waveform following LAD-in-
duced myocardial infarctionin 
two rats, showing marked al-
terations in rhythm and am-
plitude. (C) ECG waveform 
following cryo-induced myo-
cardial infarction in two rats, 
demonstrating distinct chang-
es compared to sham controls. 
Compared to sham, LAD liga-
tion produces severe rhythm 
disturbances and high-ampli-
tude changes, while cryo-in-
duced MI shows abnormal but 
less pronounced alterations, 
refl ecting localized rather than 
extensive damage.
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Figure 5. 
Longitudinal decline in fractional 
shortening and ejection fraction a er 
myocardial infarction. (A) FS was mea-
sured at baseline (pre-surgery), day 1, 
day 28, and day 55 post-procedure in 
sham (n = 5), LAD-MI (n = 3), and 
cryo-MI (n = 3) groups. Both LAD-MI 
and cryo-MI models exhibited a sharp 
reduction in FS by day 1, followed by 
partial recovery at day 28 and sustained 
impairment through day 55, whereas 
sham animals maintained stable FS 
values throughout. (B) EF was mea-
sured at baseline (pre-surgery), day 1, 
day 28, and day 55 post-procedure in 
sham (n = 4), LAD-MI (n = 3), and 
cryo-MI (n = 3) groups. Both LAD-MI 
and cryo-MI models exhibited a sharp 
reduction in EF by day 1, followed by 
minimal recovery at day 28 and per-
sistent dysfunction through day 55, 
whereas sham animals maintained 
near-normal EF values throughout.

degeneration and necrosis, and hemorrhagic necrosis 
localized to the infarct border zone (Figure 6IIIA–F). 
In comparison, cryo-MI hearts at the same time point 
displayed focal necrosis accompanied by mixed in-
fl ammatory cell infi ltration, interstitial edema, and eo-
sinophilic changes confi ned to the cryo-injured region 
(Figure 6IVA-D). By day 55, chronic remodeling was 
evident in both models. LAD-MI hearts demonstrated 
granulation tissue formation, fi broblast proliferation, 
and early collagen deposition, along with pericardi-
al thickening and fi brosis (Figure 7A-E). In contrast, 
cryo-MI hearts developed large, pale, homogeneous 
regions composed of acellular, densely collagenous 
scar tissue replacing functional myocardium, with 
adjacent hypertrophied cardiomyocytes indicative 
of compensatory remodeling (Figure 8). Masson’s 
trichrome staining at day 56 confi rmed extensive fi -
brotic replacement and pronounced ventricular wall 
thinning in cryo-MI hearts, whereas LAD-MI hearts 
exhibited localized collagen deposition restricted to 
the infarct zone, with relative preservation of overall 
chamber geometry (Figure 9). Quantitative analysis 
demonstrated signifi cantly greater collagen deposi-
tion in cryo-MI hearts (10.99%) compared to LAD-
MI hearts (6.19%), highlighting the more pronounced 

fi brotic remodeling associated with cryo-induced in-
farction.

Discussion  
 is study aimed to further investigate the 

cryo-infarction technique as a reliable approach for 
establishing a MI model in rats and to compare its out-
comes with those obtained using the LAD  coronary 
artery ligation method. Cryoinjury and LAD ligation 
are among the most commonly employed techniques 
for inducing MI in rodent models. Cryoinjury relies 
on the controlled application of subzero tempera-
tures using a cryoprobe, resulting in localized necrosis 
through ice crystal formation and cellular disruption. 
A key advantage of this approach is the ability to pre-
cisely target specifi c myocardial regions and generate 
highly reproducible infarcts by adjusting probe tem-
perature and contact duration. In contrast, LAD liga-
tion induces MI through occlusion of the le  anterior 
descending coronary artery, a major vessel supplying 
oxygenated blood to the myocardium, thereby pro-
ducing ischemia that leads to extensive infarction, and 
closely resembles clinical coronary occlusion [13][14]. 
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Figure 7. 
Chronic histopathological changes in LAD-myocardial infarction at day 55.
(A–C) Cardiomyocyte necrosis with granulocyte and mononuclear cell infi ltration, accompanied by granulation tissue formation, fi -
broblast proliferation, and early collagen deposition (100×- scale bar represents 200 µm, 400×-scale bar represents 50 µm). (D) Mixed 
infl ammatory cell infi ltration in the pericardium (arrows; 400×, scale bar represents 50 µm). (E)  ickened, fi brotic pericardium with 
dense infl ammatory infi ltrate (400×, scale bar represents 50 µm).

Figure 8. 
Chronic structural remodeling in cryo-induced myocardial infarction at day 55. (A) Large, pale, homogeneous re-
gion representing an acellular, densely collagenous scar replacing functional myocardium. (B) Adjacent viable myo-
cardium exhibiting hypertrophied cardiomyocytes, indicative of compensatory remodeling under increased hemo-
dynamic load (400×, scale bar represents 50 µm).
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Figure 9. 
Fibrotic remodeling at 56 days post-myocardial infarction, visualized using Masson’s trichrome staining. (A) Sham group: No de-
tectable collagen deposition (blue), indicating preserved myocardial architecture. (B) Cryo-MI group: Extensive fi brotic replacement 
(blue) accompanied by marked ventricular wall thinning. (C) LAD-MI group: Prominent collagen deposition (blue) localized to 
the infarct zone, consistent with scar formation. Cryo-MI hearts exhibit extensive, transmural fi brosis accompanied by pronounced 
ventricular wall thinning, whereas LAD-MI hearts show scar formation restricted to the infarct territory, preserving overall chamber 
geometry. Magnifi ed view of each experimental group is provided in D-L. (D-F) Sham group: Normal myocardial architecture without 
detectable collagen deposition. (G-I) Cryo-MI group: Extensive, transmural fi brotic replacement (blue) accompanied by pronounced 
ventricular wall thinning. (J-L) LAD-MI group: Collagen deposition (blue) restricted to the infarct territory, preserving overall ven-
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Each method presents distinct advantages and limita-
tions. LAD ligation is well established and widely ac-
cepted, but it requires advanced microsurgical  exper-
tise, stereomicroscopic visualization, and precision 
instrumentation. Importantly, infarct size in the LAD 
model is highly operator dependent, ranging from 
10–45% of the LV in inexperienced hands, while ex-
perienced operators achieve consistent infarcts (~35 
± 5%). Moreover, LAD ligation carries a high risk of 
procedural complications, including cardiac perfora-
tion and hemorrhage, contributing to elevated periop-
erative mortality. In the present study, early mortali-
ty was signifi cantly higher in LAD-MI rats (70.59%) 
compared to cryo-MI rats (38.76%), underscoring 
the safety advantage of cryoinjury [15][12][16]. By 
comparison, cryoinjury off ers superior control over 
infarct localization and size, thereby minimizing vari-
ability and reducing procedural complexity. Impor-
tantly, cryo-MI minimizes bleeding risk and allows 
reproducible induction of focal myocardial damage, 
making it particularly suitable for studies requiring 
localized injury. However, LAD ligation produces 
extensive infarctions and severe LV dilation, which 
may be advantageous for investigating advanced heart 
failure mechanisms. It is also important to recognize 
that rodent exhibit compensatory hypertrophy fol-
lowing MI, which o en preserves ejection fraction 
despite large infarct sizes (>30% LV), a response that 
diff ers from human pathophysiology.  is limitation 
should be considered when translating fi ndings from 
rodent MI models to clinical settings [16][15][12]. In 
the present study, MI induction was confi rmed by ele-
vated troponin I levels, ECG abnormalities, and echo-
cardiographic evidence of impaired cardiac function, 
consistent with Global MI Task Force criteria. Tropo-
nin I, a highly specifi c biomarker of myocardial injury, 
was positive in all cryo-MI and LAD-MI rats, validat-
ing successful infarction. Following myocardial dam-
age, cTnI is released into the circulation within 4 to 6 
h of injury, and its exceptional tissue specifi city and 
diagnostic sensitivity has established it as the clinical 
gold-standard for MI diagnosis.  e rapid troponin I 
assay employed in this study utilizes antibody coated 
particles and a marker reagent capable of detecting 
troponin I in whole blood or serum with a detection 
threshold of 1 ng/ml. In healthy rats, FS and EF typi-
cally range between 30-35% and 65-75%, respectively. 
However, the post-MI echocardiography analyses in 
the present study indicated that both cryo- and LAD-
MI animals exhibited a marked reduction in FS (to 20-
25%) and EF (to approximately 50%), with persistent 
dysfunction observed through day 55. Histological 
analysis demonstrated acute necrosis and infl amma-
tory infi ltration in both models, with cryo-MI hearts 
exhibiting focal injury and LAD-MI hearts showing 

extensive hemorrhagic necrosis. Chronic remodeling 
diff ered substantially as Masson’s trichrome staining 
revealed greater collagen deposition and transmu-
ral fi brosis in cryo-MI hearts (10.99%) compared to 
LAD-MI hearts (6.19%), accompanied by ventricular 
wall thinning and hypertrophy of adjacent myocardi-
um [8][17][18][19][20]. Immunofl uorescence anal-
ysis further confi rmed these observations, revealing 
increased caspase-3 expression and enhanced CD68+ 
macrophage infi ltration in cryo-MI hearts.  ese 
fi ndings indicate robust apoptotic activity and infl am-
matory response. Our results suggest that cryoinjury 
induces localized but severe cellular stress, triggering 
apoptosis and immune cell recruitment. While such 
infl ammatory responses may contribute to progres-
sive fi brosis, they also provide a controlled microenvi-
ronment for studying post-MI remodeling processes 
and evaluating therapeutic interventions [21][22]. 
Overall, these data demonstrate that cryoinjury rep-
resents a reproducible, technically less demanding, 
and safer alternative to LAD ligation for inducing MI 
in rats, particularly when localized infarction and re-
duced mortality are desired. Conversely, LAD ligation 
remains the preferred approach for modeling large 
infarcts and advanced heart failure studies.  us, se-
lection of the appropriate MI model should be guided 
by experimental objectives, balancing infarct size, re-
producibility, and translational relevance [12][17]. In 
summary, although cryoinjury and LAD ligation both 
result in comparable long-term LV dysfunction, cryo-
injury off ers distinct advantages.  is method result-
ed in attenuated remodeling, formation of more com-
pact and uniform scar tissue, and signifi cantly higher 
survival rates compared to LAD ligation. Importantly, 
cryoinjury scars persist indefi nitely, providing a stable 
and reproducible platform for investigating scar-re-
gion pathophysiology and long-term remodeling. 
Furthermore, cryoinjury consistently generates in-
farcts of uniform size and shape with precise spatial 
localization, making it an attractive model for preclin-
ical studies focused on therapeutic interventions and 
mechanistic research [23][24][4][12].

Materials & Methods  
Ethical approval
 is study was conducted in accordance with ethical standards and 
received approval from  the Ferdowsi University of Mashhad (FUM) 
Research Ethics Committee [Approval No: IR.UM.REC.1401.269].

Animal subjects
Adult male Wistar rats (250-300 g) were kept under standard con-
ditions (23 ± 2°C; a 12-h light/dark cycle) with ad libitum access to 
standard food and water.  e rats were bred and maintained in the 
animal house of FUM. All experimental procedures were conducted 
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(5 μm thick) were prepared using a Leica RM2135 microtome and 
mounted on silanized slides. Antigen retrieval was performed by mi-
crowaving sections in 1× Tris-buff ered saline (TBS; Sigma, T5912) 
until boiling, followed by incubation for 20 min in the heated solu-
tion. A er three washes in phosphat buff er saline (PBS) (5 min each), 
sections were permeabilized with 0.3% Triton X-100 (Sigma, T8787) 
for 30 min and blocked with 10% goat serum (Sigma, G9023) for 45 
min. Primary antibodies against caspase-3 (orb10237) and CD68 
(orb388936) were applied at a dilution of 1:100 in PBS and incubated 
for 24 h at 2–8°C in a humidifi ed chamber. Sections were washed four 
times (5 min each) and incubated with secondary antibodies (CD68: 
orb688924, caspase3: orb688925; 1:150 dilution) at 37°C for 1.5 h in 
the dark, then washed three times. DAPI (Sigma-D9542) was applied 
for 20 min, followed by PBS washing steps. Slides were mounted 
with glycerol and PBS and examined using a fl uorescent microscope 
(Olympus).

Biochemical analysis of troponin in serum
Blood samples were collected 24 h post surgery from the retroorbital 
sinus and centrifuged at 3000 × g for 5 min at 4°C. Serum samples 
were immediately analyzed for troponin I using the Cardiac Tropo-
nin I Cassette Tape (Vitrotec CTN00-08), a rapid immunochromato-
graphic assay for whole blood or serum. For analysis, 50 μl of serum 
was added to the sample, followed by 40 μl of cTnI buff er provided 
in the kit. A control line indicated proper test performance and suffi  -
cient sample volume.

Hematoxylin-Eosin staining
H&E staining was performed to assess cardiac morphology and 
confi rm myocardial infarction. Heart tissues were collected at 7 and 
55 days post-surgery, fi xed in 10% formalin, sectioned at 5 μm, and 
stained with hematoxylin and eosin. Necrotic areas were examined 
using an Olympus BX-51 microscope equipped with a digital camera.

Electrocardiography and echocardiography
On day 7, rats underwent ECG recording under anesthesia (ketamine 
75 mg/kg, xylazine 10 mg/kg) using the PowerLab Electrophysio-
logical System (ML11, ADInstruments, Australia). Electrodes were 
placed on the right and le  forelimbs. FS, and EF were assessed as 
indicators of le  ventricular function. FS refl ects the percentage re-
duction in ventricular diameter during systole, while EF represents 
the proportion of blood ejected from the le  ventricle per heartbeat, 
calculated as:
EF="Stroke Volume" /"End-Diastolic Volume" ×100
Normal EF in rats ranges from 65–75%, with reductions indicat-
ing impaired cardiac performance [31]. Echocardiography (MyLab 
30Gold VET, 8–10 MHz transducer) was performed a er chest hair 
removal one day before surgery and on days 1, 28, and 55 post-sur-
gery to monitor cardiac performance on anesthetized rats.

Masson’s trichrome staining for collagen detec-
tion
Masson’s trichrome staining was used to evaluate collagen deposition 
in cardiac tissue. In this method, collagen fi bers appear blue, nuclei 
black, and cytoplasmic components red. Heart tissues were harvested 
55 days post-surgery, fi xed in 10% neutral buff ered formalin for 24 h, 
and embedded in paraffi  n. Serial sections (5 μm) were prepared from 
regions of interest using a microtome. Images were captured using an 
OLYMPUS stereomicroscope (SZH-ILLK, Japan) [32][33].

Statistical analysis
Quantifi cation of caspase-3 and CD68 expression was performed us-
ing ImageJ so ware. Statistical analyses were conducted using Graph-
Pad Prism 10.3. Analyses included both sham and cryo-MI groups.

in accordance with applicable guidelines and regulations, including 
the ARRIVE 2.0 guidelines. Fi een male rats aged 60-90 days were 
randomly assigned into three groups: sham operated controls (group 
1, n=5), LAD group (group 2, n=5), and Cryo group (group 3, n=5). 
During the experiments, the animals were randomly divided into 
three groups using Excel so ware (version 2016). 
Prior to anesthesia, body weight and temperature were recorded for 
all animals. Anesthesia was induced via injection of ketamine (100 
mg/kg; Alfasan 10%) and xylazine (10 mg/kg; Interchemie 2%) mixed 
in a 2:1 ratio. Additionally, meloxicam (1 mg/kg; RazakPharma 2%) 
was administered intramuscularly as a preemptive analgesic. Ade-
quate depth of anesthesia was confi rmed by the absence of the toe-
pinch refl ex and was monitored throughout the surgical procedure. 
Endotracheal intubation was performed by placing an angiocath 
(Vaccess I.V. Cannula green) in the trachea, with visualization aided 
by a fl ashlight in a darkened room. Mechanical ventilation was per-
formed by connecting the endotracheal tube to the modifi ed Babylog 
8000 Drager ventilator (O2 Vol=60, insp. Flow V=2 (l/min), Pinsp=30 
(mbar), (TI=0.2 s).  e aseptic condition was maintained during the 
survival surgery. Before surgery, ophthalmic ointment was applied to 
prevent corneal desiccation. A er the surgery, animals were mon-
itored for body temperature, heart rate, and signs of pain until full 
recovery. Rats were removed from ventilator and placed in individual 
cages with a heating pad positioned at one end to maintain normo-
thermia. Water was made freely available. Sterile saline (0.5 ml) was 
administered subcutaneously following the surgery. Enrofl oxacin (10 
mg/kg) was administered immediately a er the surgery and contin-
ued during recovery [4][25]. Antibiotic injections were given every 12 
h and analgesics were administered every 24 h for 3 consecutive days 
following surgery [25][26]. 

Induction of myocardial infarction
Animals were le  to reach steady breathing and their chests were 
opened at the fourth le  intercostal space using surgical scissors. 
 e space was opened without cutting muscle tissue to minimize 
bleeding.  en a chest retractor was placed to maintain exposure. 
 e pericardium was opened but preserved whenever possible [25]
[27].  e LAD was identifi ed and tied using a 6-0 Prolene (poly-
propylene blue monofi lament 209127) suture [28]. In the cryo-MI 
group, a cryoprobe consisting of a 3 mm diameter copper rod, was 
immersed in liquid nitrogen for two min. A er exposure of the heart 
and opening of the pericardium, the cryo-infarction was induced by 
applying the cryoprobe tip to the anterior wall of the le  ventricle for 
10 seconds [4]. Sham control animals underwent the same surgical 
exposure without LAD ligation or cryo application. A er completion 
of the procedure, the chest retractor was removed and the ribs were 
sutured using 4-0 Prolene (20 mm polyglycolate coated violet) suture. 
A er closing the ribs, the ventilator output was briefl y interrupted 
(1-2 seconds) to ensure proper breathing.  e skin was closed using 
continuous 20 mm 4-0 Prolene sutures [28].

Infarct size measurement
Myocardial infarction size was assessed using  2,3,5-triphenyltetrazoli-
um chloride (TTC) staining. Hearts were rapidly excised, fl ash-frozen 
at -80°C, and transversely sectioned into 2 mm-thick slices. Sections 
were incubated in 2% TTC solution at 37°C, for 30 min, followed by 
fi xation in 10% neutral buff ered formalin for 24 h. A er rinsing with 
saline, the unstained infarcted regions were clearly demarcated from 
viable brick-red stained myocardium, enabling precise topographic 
documentation of ischemic damage [29][30].

Immuno-histochemistry analysis
Excised tissues were fi xed in 10% neutral buff ered formalin for 24–72 
h, dehydrated through graded ethanol series (70%, 80%, 90%, 100%; 
50 min each), cleared in xylene, and embedded in paraffi  n. Sections 
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Cutaneous leiomyosarcoma (LMS) is a rare malignant smooth muscle tumor in dogs and humans, 
potentially arising from smooth muscle fi bers of hair follicles, blood vessels, or genital tissues. 
 is study examined the prevalence, clinicopathological features, hematological changes, and im-
munohistochemical characteristics of canine cutaneous LMS. Over a 10-year period in Urmia, 
Iran, six cases (three local and three invasive) of cutaneous leiomyosarcoma (LMS) were identifi ed 
among 318 dogs presenting with cutaneous lesions representing a prevalence of 1.88%.  e hema-
tological analysis indicated signifi cant leukocytosis, monocytosis, and eosinophilia in the aff ected 
dogs (p < 0.05) compared to the healthy dogs. Microscopically, a range of cellular pleomorphism 
and neoplastic smooth muscle fi bers in interlacing bundles with scant stromal connective tissue 
were observed. Immunohistochemistry (negative for MyoD1, Myogenin, and CD31) confi rmed 
piloleiomyosarcoma. A signifi cant increase (p < 0.05) was observed in positive expression and 
H-score for Desmin, SMA, Vimentin, and Ki67 markers. EGFR and β-Catenin expression was sig-
nifi cantly increased in the localized LMS group (p < 0.05) compared to invasive LMS and normal 
tissue, whereas E-Cadherin expression showed no signifi cant diff erence in LMS cases.  ese fi nd-
ings indicate that EGFR is not limited to epithelial tumors but is also expressed in mesenchymal 
tumors like LMS.  e reduction in invasive LMS cases suggests EGFR upregulation may precede 
metastasis. Although E-Cadherin/β-Catenin expression alone may be insuffi  cient for prognosis, 
their combined evaluation with proliferative and mesenchymal markers could provide valuable 
insight into invasion pathways and aid in developing targeted therapies against invasive tumors.
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Introduction  

S o  tissue sarcomas in dogs are characterized 
as mesenchymal tumors with local invasion, 

encompassing a diverse array of mesenchymal tu-
mors exhibiting diff erent histogenetic origins, and 
they constitute approximately 15% of all dermal and 
subdermal neoplasms in canines. Typically, mature 
or older dogs demonstrate a higher prevalence, with 
larger breeds showing an increased vulnerability. An-
atomically, nearly 60% of so  tissue sarcomas in dogs 
are located on motor organs. In contrast, other so-
matic regions exhibit a comparatively lower incidence  
and for example the torso (35%) and head and neck 
(5%) are less frequently aff ected [1]. Malignant cuta-
neous smooth muscle tumors are uncommon in both 
humans and animals.  ese tumors possibly arise 
from the smooth muscles that erect the hair, those 
inside the vascular septum, or from special muscles 
in the genital region [2]. Cutaneous leiomyosarcoma 
is uncommon in both humans and animals. While 
multiple well-diff erentiated smooth muscle tumors 
have been reported in dogs, cats, ferrets, and horses, 
cutaneous smooth muscle neoplasms are typically 
solitary in nature [3]. Histologically, LMS is charac-
terized by intertwined neoplastic smooth muscle cells. 
In humans, malignant smooth muscle tumors display 
marked proliferative activity, cellular uniformity, nu-
clear atypia, and intratumor necrosis. Human LMS is 
further classifi ed into myxoid, epithelioid, and pleo-

Abbreviations-Cont'd
EGFR: Epidermal Growth Factor Receptor      
COX-2: Cyclooxygenase-2 
CK: Cytokeratin
H&E: Hematoxylin and Eosin
EDTA: Ethylenediaminetetraacetic Acid
HRP: Horseradish Peroxidase
TBS: Tris-Buff ered Saline 
ANOVA: Analysis of Variance
H-Score:  Histochemical Score
HCT: Hematocrit 
Hb: Hemoglobin
RBC:  Red Blood Cell 
MCV: Mean Corpuscular Volume 
MCHC: Mean Corpuscular Hemoglobin Concentration
PLT: Platelet 
WBC: White Blood Cells 
Neut: Neutrophil
Lym: Lymphocyte 
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EOS: Eosinophils 
VEGFr: Vascular Endothelial Growth Factor receptor
PDGFr: Platelet-Derived Growth Factor receptor 
SCF: Stem Cell Factor 
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AKT/MAPK: Protein Kinase B and Mitogen-Activated Protein Kinase
TGFα: Transforming Growth Factor-alpha  
SD: Standard Deviation

morphic subtypes, while the last-mentioned subtype 
was only diagnosed in animal health publications, as 
some of them were similar to anaplastic sarcomas [2]. 
In human medicine, leiomyosarcoma is associated 
with high rates of recurrence and metastasis, resulting 
in a generally poor prognosis.  e most frequent met-
astatic sites include the lungs, bone, brain, and lymph 
nodes. Surgical removal is the most eff ective treat-
ment for leiomyosarcoma, while chemotherapy does 
not appear to be as eff ective, is largely palliative, and is 
typically reserved for patients with extensive metasta-
sis. Previous reports revealed an acceptable prognosis 
for surgically treated dogs with spleen, stomach, small 
intestine, and especially the cecum leiomyosarcomas. 
Nevertheless, the number of studies on dogs remains 
limited.  e anatomical site of leiomyosarcoma in 
dogs holds greater prognostic signifi cance compared 
to human. Leiomyosarcomas originating from super-
fi cial cutaneous locations are associated with a more 
favorable prognosis. In contrast, osseous involvement 
of the human leiomyosarcoma represents a potential 
negative prognostic indicator.[4]. β-Catenin, encoded 
by the ctnnb1 gene, is a key component of intercel-
lular junctions, and dysregulation of its expression 
has been implicated in the progression of animal and 
human tumors. Studies have demonstrated that dis-
ruption of the E-cadherin/β-catenin complex regula-
tions aff ects both types of canine melanotic tumors, 
also disruption of the E-cadherin/β-catenin complex 
and increased β-catenin levels can lead to tumor pro-
gression and malignancy [5]. In conventional mature 
cutaneous cells, β-catenin constitutes a fundamental 
component of the intercellular junctions, while the 
Wnt/β-catenin signalling cascade signifi cantly infl u-
ences the maintenance of skin homeostasis, particular-
ly in the preservation of hair follicle stem cells. How-
ever, data regarding the expression profi le of β-catenin 
in normal dermal tissue, as well as in epidermal and 
follicular neoplasms in canines remain scarce. In ma-
lignant neoplasms, including squamous cell carcino-
ma, basal cell carcinoma, sebaceous gland carcinoma, 
apocrine gland carcinoma, and epithelial carcinoma, 
reduced or absent membranous β-catenin expression 
has been reported, suggesting that the decrease or loss 
of β-catenin expression is pivotal in the development 
of a malignant phenotype and may play a role in the 
invasive behaviour or metastasis of these carcinomas 
[6]. Cadherins are multi-family membrane glycopro-
teins responsible for calcium-mediated homophilic 
attachment.  ey are particularly related to the joint 
area and play roles in processes including tissue mor-
phogenesis and tumorigenesis in complex organisms. 
E-cadherin, the predominant cadherin expressed in 
epithelial tissues, is widely regarded as an anti-onco-
gene and a developmental agent in epithelium-orig-
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Results  

inated neoplasms. E-cadherin downregulation has 
been associated with decreased cellular diff erentia-
tion, enhanced invasiveness , and metastatic behavior 
in a variety malignancies, including several sarcomas. 
Epidermal growth factor receptor (EGFR), commonly 
referred to as HER1 or erbB1, constitutes a member 
of the receptor tyrosine kinase family. Besides other 
ErbB family members, including ErbB2, ErbB3, and 
ErbB4, they can form heterodimers.  ese receptors 
are integral to essential cellular functions, encompass-
ing cell division and specialization. Overexpression of 
COX-2 and EGFR has been documented in numerous 
malignant neoplasms.  ese molecules contributes to 
critical processes at several pivotal stages, including 
vascularization, inhibition of programmed cell death, 
suppression of immune responses, enhancement of 
cell division, possibility for progression, cellular spe-
cialization, and displacement. COX-2 and EGFR rep-
resent promising targets for therapeutic and chemo-
therapeutic interventions in the treatment of diverse 
pathological conditions, such as neoplasm.  erefore, 
due to their involvement in tumor invasiveness, ma-
lignancy, reduced survival rates, and poor prognostic, 
they are considered promising biomarkers and po-
tential therapeutic targets in veterinary oncology [7]. 
 e present study aimed to investigated the diff eren-
tial diagnosis of cutaneous leiomyosarcoma tumors 
in dogs, and the changes in the immunoexpressing of 
adhesion markers, including E-Cadherin, β-Catenin, 
in addition to the changes in the expression of mark-
ers CK, MyoD1, Myogenin, CD31, Desmin, α-SMA, 
Vimentin, Ki67, and EGFR in the local and invasive 
forms of these tumors.

Skin lesions
A total of 318 dogs presenting with various dis-

eases and disorders were examined.  ese included 
parasitic lesions (scabies) (n = 49/318, 15.40%), fun-
gal infection (dermatophytosis) (n = 42/318, 15.20%), 
traumatic lesions (skin tear or wound) (n = 13/318, 
4.08%), papilloma (n = 27/318, 8.49%), fi broma (n = 
8/318, 2.51%), fi brosarcoma (n = 6/318, 1.88%), leio-
myosarcoma (n = 6/318, 1.88%), trichoblastoma (n = 
3/318, 0.94%), and squamous cell carcinoma (SCC) (n 
= 2/318, 0.62%).  e remaining cases (n = 162/318, 
50.94%) were associated with various clinical mani-
festations of systemic diseases and/or allergic derma-
topathies. 

Pathological Findings
Among the examined dogs, 6 cases were diag-

nosed as leiomyosarcoma (LMS) tumors, including 

3 cases of localized cutaneous leiomyosarcoma (local 
LMS), and 3 cases of invasive cutaneous leiomyosar-
coma (invasive LMS). In the local LMS group, aff ected 
dogs included one male Rottweiler, one female Ter-
rier, and one female Iranian mixed breed dog.  eir 
ages ranged from 6 to 10 years, and tumor diameters 
varied between 3 and 37 mm. Tumor locations were 
mainly in the lower limbs (locomotor), neck, and ab-
domen. In the invasive LMS group, one male Iraqi 
breed dog, one female Shih Tzu, and one male Ger-
man Shepherd were aff ected.  ese dogs were aged 
between 6 and 12 years, with tumor sizes ranging 
from 2 to 26 mm. Tumors were primarily located in 
lower limbs (locomotor), neck, and abdomen regions. 
Metastasis spread to the conjunctiva, pulmonary sys-
tem, or gastrointestinal tract was confi rmed through 
histopathological examination (Figure 1). Histologi-
cal evaluation of H&E and Masson’s trichrome stained 
sections revealed a moderate degree of cellular and 
nuclear pleomorphism in both local and invasive 
LMS, with the nucleoli count in tumor cells ranging 
from 2 to 4, and the mean mitotic index for local and 
invasive LMS was 4.2 and 5.8, respectively. Neoplastic 
smooth muscle fi bres exhibited an interwoven con-
fi guration characterized by an irregular morphology, 
with minimal intervening connective tissue. Necrosis 
or hemorrhage were absent in local LMS, but were ob-
served in invasive LMS (Figure 2).

Hematological Findings
One-way ANOVA analysis demonstrated no 

signifi cant diff erence in mean values of MCV, PLT, 
Neutrophils, and Lymphocytes among healthy dogs 
and those with local or invasive LMS (p > 0.05). In 
contrast, signifi cant diff erence were detected in Hct, 
Hb, RBC, MCHC, WBC, Monocytes, and Eosinophils 
among healthy dogs and those with invasive LMS (p 
< 0.05). Within the local LMS group, mean value for 
RBC, MCHC, WBC, and Eosinophils did not diff er 
signifi cantly compared to healthy dogs (p > 0.05). De-
tailed hematological data are summarized in Table 1.

Immunohistochemical Findings
Following defi nitive diagnosis, immunohisto-

chemistry staining for CD31 was negative in all six 
leiomyosarcoma cases. Hence, it was confi rmed that 
all diagnosed LMS cases originated from the smooth 
muscles responsible for erecting hair (Figures 3 and 
4). Additionally, MyoD1 and Myogenin immunohis-
tochemical was also negative for all tumors samples 
that the nature of the tumors was diagnosed as defi -
nite LMS. One-way ANOVA showed no signifi cant 
diff erences in the expression percentage or H-score of 
MyoD1, Myogenin, and CD 31 between healthy dogs 
and those with local or invasive LMS (p > 0.05) (Fig-
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Figure 2. 
Light microscope photomicrographs of LMS tumors compared with normal tissue of dog skin.
A: Organized structure of epidermis and dermis of normal dog skin (H&E). B: Organized structure of normal dog 
skin, despite the connective tissue (blue), dermis, and smooth muscles (red) around the blood vessels (Masson’s tri-
chrome). C: Cutaneous LMS with a view of interwoven fi bers of smooth muscle, and the whirlwind view with cells 
formed and cut in various directions.  e small picture presents the smooth muscle tumor cells with cellular pleo-
morphism, and the presence of mitotic fi gures (arrow) (H&E). D: A view of a section of LMS tumor where muscular 
tumor cells are visible (red) with limited connective tissue (blue) inside the tumor parenchyma.  e small picture 
shows various forms of tumor cells and mitotic status (arrow) (Masson’s trichrome).

Figure 1. 
 e appearance of the local and invasive LMS tumor in dogs. 
A: A local LMS tumor, 1.5 cm in diameter, of pink color, and 
a limited formation in the skin of the foot of an 8-year-old 
female Iranian mixed-breed dog. B: Invasive LMS with pink 
nodular masses with 2 to 7 mm diameters in various parts of 
the skin of a 6-year-old male Iraqi breed dog. C: Presence of 
invasive LMS tumor mass inside the conjunctiva of the Iraqi 
dog breed, with a diameter of about 1 cm.
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ures 3 and 4).
In contrast, immunohistochemical analysis 

showed a signifi cant increase in the percentage of De-
smin-positive cells in the invasive LMS group com-
pared to the normal skin, and signifi cant diff erence 
were observed in H-Scores among all three groups 
(p < 0.001) (Figures 3 and 4).  e increment of the 
number of α-SMA+ cells in the LMS groups (local 
and invasive) compared with the normal animals was 
signifi cant, and the diff erence in the H-Scores of the 
LMS groups (local and invasive) in comparison with 
the normal category was also signifi cant (p < 0.001). 
However, no signifi cant diff erence was observed be-
tween local and invasive LMS groups (p > 0.05) (Fig-
ures 3 and 4). Vimentin expression was signifi cantly 
increased, also signifi cant diff erence was observed in 
H-Score of the LMS groups compared with the nor-
mal animals (p < 0.001) (Figures 3 and 4). Conversely, 
a signifi cant reduction in the number of CK+ cells and 
the diff erence in the H-Score were observed in both 
LMS group compared with the normal animals (p < 
0.001) (Figures 3 and 4).  e number of Ki67-posi-
tive cells and the diff erence in the H-Score of the 
LMS groups compared with the normal animals were 
signifi cantly increased (p < 0.001) (Figures 3 and 4). 
 e number of EGFR-positive cells in the local LMS 
group compared with the normal and invasive LMS 
group was signifi cantly Increased; also, the diff erence 
in the H-Score of the three groups was signifi cant (p 
< 0.001). Notably, EGFR expression percentage and 
H-Score were signifi cantly reduced in invasive LMS 

group compared with the other two groups (Figures 3 
and 4). β-Catenin expression followed a pattern sim-
ilar to that of EGFR, with signifi cantly higher expres-
sion in local LMS compared with normal and invasive 
LMS, and signifi cant diff erence in H-Score among 
all groups (p < 0.001) (Figures 3 and 4). E-Cadherin 
expression demonstrated a similarity with β-Catenin 
and EGFR, although the expression percentage and 
H-Score in the local LMS group were lower than those 
observed for EGFR and β-Catenin (Figures 3 and 4). 
Immunohistochemical expression patterns of all eval-
uated markers in the normal, local LMS and Invasive 
LMS are presented in Figures 5-7. 

Table 1.
Comparative hematological parameters in normal, local LMS and invasive LMS groups.

p value
Dogs (n= 12)

Parameter Invasive
LMS (n= 3)

Local
LMS (n= 3)

Normal
(n= 6)

0.00234.20 ± 2.39 37.60 ± 3.05 44.80 ± 4.82 bHCT (%) (Reference: 37-55)

0.006137.00 ± 8.36 147.20 ± 11.30 ab161.40 ± 9.24 Hb (g/l) (Reference: 140-190)

0.0235.66 ± 0.61 a6.96 ± 0.65 b6.92 ± 0.87 RBC (1012/l) (Reference: 5.8-8.50)

0.69570.40 ± 3.7869.20 ± 1.4869.20 ± 1.64MCV (ƒl) (Reference: 66-75)

0.01930.00 ± 1.58 33.40 ± 2.07 33.00 ± 1.58 MCHC (g/l) (Reference: 32-36)

0.841228.60 ± 67.34240.00 ± 56.51251.40 ± 58.44PLT (109/l) (Reference: 150-400)

0.00113.42 ± 2.49 7.84 ± 0.76 8.92 ± 1.25 WBC (109/l) (Reference: 6-13)

0.8066.24 ± 1.326.44 ± 1.236.76 ± 1.19Neut (109/l ) (Reference: 3-10.50)

0.6372.72 ± 0.752.66 ± 0.402.36 ± 0.68Lym (109/l) (Reference:1-4)

0.0231.18 ± 0.46 0.62 ± 0.25 ab0.52 ± 0.28 Mon (109/l) (Reference: 0.15-1.2)

0.0041.34 ± 0.46 1.12 ± 0.37 0.40 ± 0.20 Eos (109/l) (Reference:0-0.1.3)
Diff erent superscript letters (a, b, ab) designate a notable diff erence in every row. p <0.05 is signifi cant.

Discussion  
 e present study investigated the occurrence, 

clinicopathological features, hematological alter-
ations, and immunohistochemical characteristics of 
cutaneous leiomyosarcoma (LMS) in dogs.

Results of the study, conducted over 10 years in 
Urmia city, revealed that among the 318 dogs with 
various cutaneous lesions, 6 (1.88%) were diagnosed 
as LMS (local and invasive). According to the occur-
rence rate of this tumor in other countries, informa-
tion from 748 cases of neoplasm in dogs in Korea, 
leiomyoma and leiomyosarcoma had 0.27% and 0.4% 
frequencies, respectively [8]. Similarly, retrospective 
research conducted over seven years on dog skin tu-
mors in analytical research center, north region of 
Portugal (2014 to 2020), out of the 1185 cases with 
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Figure 3. 
 e results of the one-way ANOVA for the percentage of cellular expression of various immunohistochemical markers in the normal, 
local LMS and invasive LMS groups. Data are presented as Mean ± SD. 
*: Signifi cant value (p < 0.05). ns: non-signifi cant.

lesions identifi ed as cutaneous neoplasms, 62.9% of 
them were reported as benign, and 37.1% as malig-
nant. Mast cell tumors (22.7%) were the most com-
mon form of identifi ed tumor, therea er benign so  
tissue neoplasms (9.7%), Sebaceous gland tumors 
(8.1%), vascular neoplasms (7.9%), and so  tissue sar-
comas (7.6%). Cutaneous cancers were multicentric 
(6.14%), followed by solitary tumors in hind limb ar-
eas (12.1%), anterior motor organs (8.6%), buttocks 
(7.1%), abdomen (6.5%), and rib area (5.2%) [9]. In 
the current study, Malignant cutaneous cancers of 
smooth muscles aff ected dogs of both sexes, predomi-
nantly at high ages (between 6 and 12 years). Although 
two aff ected dogs belonged to small breeds, the major-
ity, were medium to large breeds, supporting earlier 

suggestions observed in previous research [1,10], de-
spite the fact that these tumors are rare, they are more 
common in larger dog breeds. On the other hand, 
some other studies also demonstrated that the occur-
rence of LMS tumors is not related to the dog’s breed 
potential [11]. In the present study, hematological 
analyses showed signifi cant decrease in indices related 
to red blood cells, such as Hct, Hb, RBC, and MCHC 
in dogs aff ected by LMS compared with healthy dogs 
(p < 0.05), indicating anemia. However, this anemia 
was more pronounced in invasive LMS group com-
pared to local LMS group. In terms of white blood cell 
indices, total WBC, Mon, and Eos in LMS groups had 
a signifi cant decrease compared with healthy dogs (p 
< 0.05), indicating the involvement of immune system 
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Figure 4. 
 e results of the one-way ANOVA for the H-Score of the diff erent immunohistochemical markers in the normal, local LMS and 
invasive LMS groups. Data are presented as Mean ± SD. 
*: Signifi cant value (p < 0.05). ns: non-signifi cant.

in LMS groups with the tumor and possible existence 
of a chronic infl ammation. In another study on 44 
dogs (1983-1988) with leiomyosarcoma (spleen, 
stomach, small intestine, cecum, and liver), every dog 
with liver LMS was clearly involved with metastasis, 
and they were euthanized during the surgery. In the 
remaining three groups, 79% of the infected dogs had 
no indication of metastasis during the surgery. In this 
research abnormal hematologic and biochemical 
fi ndings included leukocytosis (8 cases), anemia (7 
cases), azotemia (4 cases), increased serum ALP levels 
(6 cases), and elevated serum ALT and AST levels (3 
cases) [11].  e outcomes of the mentioned study 
were in agreement with the fi ndings of the present 
study regarding the occurrence of leukocytosis and 
anemia. Although the recent study did not investigate 

the cutaneous LMS, symptoms including anemia was 
observed in local LMS case and invasive LMS cases, 
further supporting the presence of paraneoplastic 
syndromes, which are commonly associated with ma-
lignant neoplasms. Besides, one of the cases with local 
LMS and two cases with invasive LMS indicated hy-
poglycemia, which is also among the symptoms of 
paraneoplastic syndromes [12]. In the present study, 
all local LMS tumors were solitary, and the invasive 
LMS tumors were dispersed.  e local LMSs were re-
lated to surface cutaneous tissues, and no recurrence 
observed during a six-month follow-up a er the sur-
gery. In contrast, among the invasive LMS cases, two 
animals were euthanized due to disease severity and 
metastatic nature of the disease, While follow-up data 
were unavailable for the remaining case due to owner 
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Figure 5. 
Comparative immunohistochemical photomicrographs of normal skin tissue, local LMS, and invasive LMS. 
 e lack of MyoD1 and Myogenin markers in the normal and tumor tissue cells confi rmed the LMS tumors and diff erentiated them 
from rhabdomyosarcoma tumors. Lack of CD31 marker expression in LMS tumors indicates the confi rmation of piloleiomyosarcoma 
tumors. Desmin can be seen in normal tissue and in muscles surrounding the blood vessels (the arrow), and while it is not expressed in 
the local LMS, it can be seen in a dispersed form in invasive LMS (IHC). 

refusal of euthanasia.  ese observations suggest that 
early surgical intervention in local LMS may result in 
a favorable prognosis. Previous studies have similarly 
reports an acceptable prognosis for cutaneous and 
subcutaneous smooth muscle tumors in dogs; howev-
er, such information is primarily limited to tumors 
originating from the smooth muscles that erect hair or 
from the walls of blood vessels, and there is no infor-
mation on the smooth muscle tumors inside the deep 
so  tissues [13]. Immunohistochemistry evaluation 
for Myogenin, MyoD1, and CD31 showed that the 
negative results of LMSs for the mentioned markers 
confi rmed their defi nite LMS nature and piloleiomyo-
sarcoma type.  ese three markers were primarily in-
tended for the diff erential diagnosis of LMS from oth-
er muscle tissue tumors, such as rhabdomyosarcoma, 
and the diff erential diagnosis of LMS types (piloleio-
myosarcoma and angioleiomyosarcoma). In the pres-
ent study, SMA and Desmin was signifi cantly in-

creased in LMS tissues compared with normal skin, 
although the extent of changes in their expression and 
intensity varied based on tumor’s nature and biologi-
cal behavior. Vimentin played a signifi cant role in the 
metastasis process and was investigated under labora-
tory conditions. During the epithelial-mesenchymal 
transition (EMT), epithelial cells lose their basoapical 
and intercellular polarity, and obtain adhesion fea-
tures by the downregulation of genes related to epithe-
lial cells, including E-cadherin and cytokeratins, and 
while acquiring migrative and invasive characteristics 
related to mesenchymal cell phenotypes through 
genes such as N-cadherin and Vimentin [14]. In other 
words, the process of epithelial-mesenchymal transi-
tion (EMT) is characterized by the suppression of ep-
ithelial phenotypes and the concomitant adoption of 
mesenchymal properties. Cells in EMT frequently re-
side in a partial or intermediate state, co-expressing 
both epithelial and mesenchymal markers, with a fully 
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Figure 6.
 e following comparative immunohistochemical photomicrographs of normal skin tissue, local and invasive LMS.
 e strong and dispersed α-SMA expression in the local and invasive tumor is an indication of their smooth muscle origin for the 
tumor-forming cells, and its expression in normal skin can be observed only in smooth muscles around the blood vessels. EGFR ex-
pression in normal cells is negative; yet, cytoplasmic expression of EGFR (arrow) can be seen, while the marker is not expressed in the 
invasive tumor. E-Cadherin expression in normal skin and invasive tumor is negative, but a weak cytoplasmic expression (arrow) can be 
seen in the local tumor. β-catenin expression is negative in normal skin and invasive tumor; however, a cytoplasmic expression (arrow) 
of β-catenin in the local tumor can be seen, which is higher than E-Cadherin (IHC). 

mesenchymal state being uncommon. Notably, this 
transition is reversible through its counterpart pro-
cess, mesenchymal-epithelial transition (MET) [15].  
 e progressive increase in Vimentin expression with 
increasing tumor metastatic aggressiveness observed 
in the present study supports its role as an indicator 
eff ective in the degree of malignancy or invasiveness 
of LMS. In a report related to the fi rst primary leio-
myosarcoma occurrence in the testicles of two 10 and 
12 year old dogs, the immunohistochemistry fi ndings 
demonstrated a positive (moderate) immune reaction 
by the tumor cells to Vimentin, SMA, and Desmin 
markers [16]. A report from Japan on multiple poly-
morphic cutaneous leiomyosarcomas in a 13-year-old 
male Shih Tzu dog described leiomyosarcomas with 
poor diff erentiation and explained that their distinc-

tion from anaplastic sarcomas with giant cells was dif-
fi cult. Immunohistochemistry examination indicated 
the high positivity of tumor cells to Vimentin, their 
relative positivity to SMA and Desmin, and a negative 
response to cytokeratin [3]. In a systematic review of 
2616 dogs and cats with skin tumors in Britain, the 
occurrence rate of cutaneous leiomyomas in dogs and 
cats was 0.88% and 0.33%, respectively. Diff erentiat-
ing leiomyosarcoma, rhabdomyosarcoma, and fi bro-
sarcoma using routine histological methods might be 
diffi  cult; however, ultrastructural and immunohisto-
chemical methods are useful for the accurate diagno-
sis of so  tissue sarcoma tumors. A report from Korea 
described one cutaneous piloleiomyoma and two an-
gioleiomyosarcoma cases in three female dogs aged 7 
to 12 years with solitary or paired nodules. In terms of 
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Figure 7. 
 e following comparative immunohistochemical photomicrographs of normal skin tissue, local and invasive LMS.  e strong CK 
expression in normal squamous skin cells, its weak expression in the local tumors, and lack of expression in the invasive tumor confi rm 
the mesenchymal origin of the tumor cells.  e strong Vimentin expression in the smooth muscles around the blood vessels (arrow), 
normal skin tissue, moderate cytoplasmic expression of Vimentin in the local tumor, and its strong and dispersed expression in the in-
vasive tumor can be seen. A weak Ki67 expression is visible inside the nuclei of several normal squamous skin cells (arrow), in addition 
to a strong and dispersed expression inside the nuclei of local tumor cells (arrow), and a moderate and dispersed nuclear expression in 
the invasive tumor cells (arrow) (IHC).

immunohistochemistry, tumor cells showed extreme-
ly positive reactions to SMA [8]. A retrospective study 
identifi ed 24 dogs with histological diagnosis of defi -
nite or suspected leiomyoma and leiomyosarcoma in a 
non-visceral location. According to immunohisto-
chemistry tests, more than two-thirds of the leiomyo-
sarcoma tumor cells showed positive reactions to 
SMA and Laminin markers. Histochemistry also indi-
cated a mild to moderate matrix deposition, which 
was identifi ed using Masson’s trichrome staining.  e 
study data indicated the unusual nature of non-viscer-
al leiomyosarcoma and the importance of IHC for 
their diagnosis [17]. In several malignant tumors re-
lated to diff erent diseases, EGFR is overexpressed. By 
overexpressing these molecules in neoplasms, they 
will be involved in the functions of some critical stag-
es, such as vascularization, inhibition of programmed 
cell death, immunosuppression, enhanced cellular 
multiplication, possibility of invasion, and cellular 
specialization and displacement. Due to the impor-
tance of EGFR and its involvement in the progression 
and malignancy, reduced survival rate, and poor 
prognosis, they are considered promising biomarker 
and potential therapeutic targets in veterinary oncol-

ogy [7]. In a report related to a high-grade sarcoma 
case of an eleven-year-olds neutered female Labrador 
Retriever, immunohistochemistry analysis demon-
strated the positive VEGFr, PDGFr, SCF, and EGFR in 
the tumor cells. Repeating the surgical removal and 
targeted treatment with toceranib led to a stable re-
covery for about two years. IHC results for the EGFR 
maker in the present study indicated a remarkable in-
crease in the expression and intensity of this maker in 
the local LMS category in comparison with the nor-
mal and invasive LMS categories. Experimental stud-
ies transplanted highly tumorigenic and chemothera-
py-resistant human LMS cells to mice and regenerated 
the tumor, and demonstrated that these cells indicat-
ed the triggering of EGFR/AKT/MAPK pathways, 
implying the potential of prevailing their drug resis-
tance by blocking EGFR [18]. Moreover, TGFα-EGFR 
signaling pathways has been implicated in enhancing 
tumor growth rate and its metastasis. Moreover, the 
signaling activates the endothelial cells related to the 
tumor in addition to the tumor cells [19]. Although 
EGFR is specifi c to tumors with epithelial cell origin, 
the present study determined that EGFR expression 
occurs both in epithelial tumors and mesenchymal 
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tumors, such as LMS, and as EGFR expression de-
creases in the invasive LMS cells, it may be an indicate 
that EGFR upregulation plays a role during early tu-
mor development and its expression possibly contin-
ues until the metastasis stage. However, confi rming 
this fi nding requires additional molecular analyses. 
Analysis of E-Cadherin and β-Catenin expression 
demonstrated that increased β-Catenin expression 
and intensity in local LMS cells compared with inva-
sive LMS and normal skin cells was signifi cantly high-
er than E-Cadherin, and although E-Cadherin expres-
sion in the local LMS group was higher than invasive 
LMS and normal skin, when applying a 10% threshold, 
the increase in E-Cadherin (under 10%) expression 
was negligible compared with β-Catenin (40% to 
60%). Epithelial cells are characterized by the expres-
sion of E-Cadherin, which is conceptualized as both a 
tumor suppressor gene and a morphogenic factor 
within the context of epithelial neoplasms. Studies 
have indicated a reduction or absent in E-Cadherin 
expression correlating with a decrease in diff erentia-
tion, invasion, or metastasis among various malignan-
cies, including multiple forms of sarcoma. An investi-
gation into the expression of E-Cadherin, β-Catenin, 
and topoisomerase IIα in human leiomyosarcoma an-
alyzed 19 paraffi  n-embedded primary and non-meta-
static leiomyosarcoma tissue specimens for the expres-
sion of these markers utilizing immunohistochemistry 
(IHC), employing a threshold of 20% for determining 
positive cell staining results.  e outcomes of this 
study indicated that E-Cadherin expression was uni-
formly negative across all leiomyosarcoma samples. 
Additionally, negative β-Catenin nuclear expression 
was found in all leiomyosarcoma samples, whereas 
immunopositivity for cytoplasmic  expression of 
β-Catenin was recorded in nearly 50% of the patients 
[20]. β-Catenin/E-Cadherin expression was not inves-
tigated in dogs; however, a study on the mentioned is-
sue in canine papilloma and SCC skin tumors report-
ed through immunohistochemistry analyses that 
inappropriate β-Catenin/E-Cadherin expression oc-
curred during the epidermal tumorigenesis in dogs. 
Such results support the hypothesis indicating that 
inappropriate β-Catenin/E-Cadherin expression may 
has a crucial importance in the pathogenesis of canine 
epidermal neoplasms, and not merely due to the dis-
ruption of the intercellular junctions, but also because 
of the irregular activating of the signaling pathways 
that these molecules are involved with [21]. Consider-
ing the β-Catenin/E-Cadherin IHC results in the cur-
rent study, it appears that β-Catenin and E-Cadherin 
alone may not be suffi  cient prognostic markers, but 
may contribute to understanding tumor invasion 
pathways [22].

Ki67 immunoreactivity in the present study was 

signifi cantly increased in both invasive and local LMS 
groups compared with the normal animals. Hence, 
considering the malignant and invasive nature of the 
tumor, the cell proliferation rate was high, as the per-
centage of Ki67-positive cell nuclei was 60% to 80%, 
and subsequently, the H-Score of the tumor groups 
had a signifi cant increase compared with the normal 
group. It must be noted that Ki67 expression in canine 
beta tumor cells is highly dependent on the tumor 
type, and other factors, such as the animal’s age and 
sex, can somewhat play roles in changing the marker’s 
expression in tumor tissues [23]. In humans, studies 
suggested labelling indices (LI) over 10% as a tumor 
prognosis index for uterine leiomyosarcoma tumors 
[24]. Nevertheless, considering the aforementioned 
factors, LI may vary in diff erent studies; therefore 
tumor prognosis should not rely solely on Ki-67 and 
LI, but should also consider additional histopatho-
logical parameters such as nuclear atypia and mitotic 
index [25]. Although CK maker is primarily used to 
diagnose tumors of epithelial cell origin, regarding 
the IHC results for this marker in the present study, 
considering the existing reports indicating the inap-
propriate expression of cytokeratin in normal and 
neoplastic tissues with non-epithelial origin [26], this 
marker was added to the immunohistochemistry pan-
el. In the present study, CK expression was confi ned to 
squamous epithelial cells in normal skin, while LMS 
tumors exhibited low expression (under 10%) and 
negligible amount of CK immunoreactivity.

In summary, among 318 dogs with cutaneous 
lesions, 6 cases of leiomyosarcoma (LMS) were con-
fi rmed, including 3 local and 3 invasive. Blood test 
showed signifi cant increases in leukocytes, mono-
cytes, and eosinophils (p < 0.05) in aff ected dogs. Mi-
croscopic analysis revealed tumor fi bers intermingled 
with connective tissue and marked cell heterogeneity. 
Tumor cells had a mean mitotic index of 4.2 for local 
cases and 5.8 for invasive ones. Immunohistochemi-
cal tests showed no MyoD1 or Myogenin, confi rming 
LMS, and the tumors lacked CD31, indicating they 
were piloleiomyosarcoma. Notably, tumor cells had 
higher positive expressions of Desmin, SMA, Vimen-
tin, and Ki67 compared to normal skin. Additional-
ly, local LMS showed increased EGFR and β-Catenin 
compared to invasive LMS and normal tissue.  e 
study demonstrate that, EGFR expression is not lim-
ited to epithelial tumors but is also relevant in mes-
enchymal tumors, such as LMS. While, β-Catenin 
and E-Cadherin alone are insuffi  cient for prognostic 
assessment, they may help in understanding invasion 
pathways and aid in treatment decision making.
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Materials & Methods  
Ethical approval

 e study was performed following approval from the Research 
Ethics Committee of Islamic Azad University, Urmia Branch (ap-
proval code: IR.IAU.URMIA.REC.1403.148; September 8, 2024). 

Animals
Formalin fi xed  tissue samples and paraffi  n embedded blocks 

of canine cutaneous tumor lesions were retrospectively collected 
from cases referred to the Veterinary Clinic of the Islamic Azad 
University, Urmia Branch, and private pet clinics in Urmia city 
over a 10 year period (January 2014 to January 2024). During this 
period, a total of 318 dogs of various breeds, presenting with var-
ious cutaneous lesions were examined.  ese included Rottweiler 
(n= 25), Shih Tzu (n= 21), Iraqi (Kurdish Mastiff ) (n= 15), Ger-
man Shepherd (n= 33), Terrier (n= 87), and Iranian mixed breeds 
(n= 137).

Pathologcal Examination
For cases suspected of skin tumors, tissue samples were obtained ei-
ther by biopsy (from local tumors) or during necropsy (invasive and 
metastatic tumors) and archived for histopathological evaluation. In 
macroscopic examination, fi rst, the cutaneous lesions suspected of 
tumors were examined (i.e., size, number, color, consistency, hemor-
rhage, location, and distribution of tumors), and all the other rele-
vant animal characteristics were recorded. Tissue samples were fi xed 
in 10% neutral buff ered formalin, stained using the H&E method 
and investigated using an optical microscope. In cases suspected of 
connective tissue and smooth muscle tumors, Masson’s trichrome 
staining was used for diff erential diagnosis and to confi rm the tumor. 
A er fi xation tissue samples were cut into 0.5 × 0.5 × 1 cm sections, 
and processed using an Autotechnicon Tissue Processor. Samples un-
derwent dehydration, clearing, and paraffi  n impregnation, followed 
by sectioning at 6 μm thickness using a micrometers Sections were 
routinely stained with Hematoxylin and Eosin (H&E) method was 
used to stain. In cases where the cutaneous tumor mass was suspected 
of sarcoma, the Masson’s trichrome method was applied to confi rm 
and diff erentiate the diagnosis of leiomyosarcoma from fi brosarcoma 
and other fi bromatous lesions [27]. Diagnostic criteria for cutaneous 
LMS, included cellular and nuclear pleomorphism (atypia), number 
of nucleoli, number of mitotic fi gures, and the presence of necrosis 
and hemorrhage in the tumor tissue section. Additionally, the fea-
tures of the fi bers with varying connective tissue amounts were in-
vestigated [13].

Hematologcal Examination
Blood samples were collected from the jugular veins of six healthy 
dogs and six dogs diagnosed with cutaneous leiomyosarcoma tumors 
using 21-gauge needles into EDTA-containing tubes. Hematological 
parameters were analyzed using an Abbott Cell Dyn 3500 automated 
hematology analyzer.

Immunohistochemistry
Immunohistochemical staining was performed using the EnVision® 
+ HRP dual system. Sections were dewaxed with xylene and rehydrat-
ed with ethanol, followed by incubation in hydrogen peroxide (3%) 
for 30 minutes to inhibit non-specifi c peroxidase activity. Heat-in-
duced epitope retrieval was conducted using a 0.01 M citrate buff er 
(pH = 6.0) for 25 minutes, and slides were incubated with albumin 
bovine serum (5%) in Tris buff ered saline (TBS) for half an hour to 
suppress non-specifi c staining. A erward, the sections were washed 
with water and TBS and held at room temperature. In the last stage, 
the sections were incubated overnight at 4°C  with the following pri-
mary: α-SMA (Dako, USA; 1:200), Ki67 (Dako, USA;1:100), β-caten-

in (Dako, USA;1:100), cytokeratin (Dako, USA; 1:50), VIM (Dako, 
USA;1:100), MyoD1 ( ermoFisher, clone 5.8a, 1:50), Myogenin 
( ermoFisher, clone FSD, 1:800), Desmin (Dako, USA; 1:100), 
EGFR (Zymed Laboratories, San Francisco, California, USA; 1:50), 
E-cadherin (Invitrogen, Carlsbad, CA, USA; 1:50), and CD31 (Dako, 
USA; 1:200). Following primary antibody incubation, slides were 
washed with phosphate-buff ered saline (PBS) and incubated with 
streptavidin-horseradish peroxidase (HRP) for 20 minutes. A er an-
other wash with the buff er, the slides were treated with diaminoben-
zidine for 10 minutes, with the sections being counterstained using 
Harris hematoxylin [28].
CD31, which is a marker for endothelial cells of blood vessels, was 
used to diff erentiate  LMS types (piloleiomyosarcoma originating 
from the smooth muscles around the hairs, and angioleiomyosarco-
ma originating from the cutaneous vessels). MyoD1 and Myogenin 
were used to diff erentiate Rhabdomyosarcoma (RMS) from LMS. 
cytokeratin and vimentin were used to determine epithelial or mes-
enchymal origin of the tumor cells, Ki67 to evaluate cellular prolifer-
ation rate, and α-SMA to confi rm smooth muscle fi bers diff erentia-
tion. EGFR, β-catenin, and E-cadherin were evaluated to investigate 
possible EMT changes and prognostic in LMS tumor cells [2,7,14]. 
In order to rank the expression intensity of immunohistochemical 
markers for each sample (normal and pathological), fi ve randomly 
selected microscopic fi elds (each measuring 2.37 mm2) were evaluat-
ed at ×40 magnifi cation.  e number of positive cells, exhibiting pos-
itive brown immunoreactivity reaction, was counted and expressed 
as a percentage of the total cells.  e histochemical score assessment 
(H-Score) was calculated to assess both staining intensity and distri-
bution using the following formula:
H-score = (P1 × 1) + (P2 × 2) + (P3 × 3)
In this formula, P indicates the percentage of positive cells (+, ++, and 
+++) inside the tissue, represented by P1, P2, and P3, respectively. 
 e numerical scale for H-Score ranged between 0 and 300 [29,30].

Statistical Analysis 
Statistical analyzed were performed using GraphPad Prism so ware 
(Version 9). Descriptive fi ndings, including mean, standard devi-
ation, and standard error, were calculated.  e Shapiro-Wilk test 
was used for evaluating quantitative data normality. In the next step, 
considering the scoring data normality of the immunohistochemical 
percentage and H-Score data, diff erences among normal, local LMS, 
and invasive LMS groups, were analyzed using one-way analysis of 
variance (one-way ANOVA), followed by Tukey's post-hoc tests. Sta-
tistical signifi cance was set at p < 0.05.
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Methicillin-Resistant Staphylococcus aureus (MRSA) in raw beef poses a serious public health 
threat by facilitating resistant infections, spreading through food chains, and enabling animal to 
human transmission. Addressing this issue requires coordinated eff orts across food safety, agri-
culture, and healthcare sectors. A total of 112 raw beef samples were collected from the boneless 
outer surface of shoulder and thigh regions of beef carcasses. Methicillin-resistant S. aureus then 
were isolated by traditional methods. Propolis-loaded solid lipid nanoparticles (LNPs-PL) were 
prepared using ultra-sonication and high-shear homogenization techniques.  e manufactured 
formulation's encapsulation effi  ciency, loading capacity, and physicochemical characteristics were 
evaluated. Morphology was examined using scanning electron microscopy (SEM), and chemical 
makeup of the tested regular oil and LNPs-PL was analyzed using GC/MS.  e antibacterial activ-
ity of LNPs-PL was compared with that of free propolis (PL) using in vitro assays.  e prevalence 
of MRSA among raw beef samples was 50/112 (44.6%). among which 20 isolates (40%) were con-
fi rmed as MRSA. LNPs-PL demonstrated signifi cantly enhanced antimicrobial activity, with an 
inhibition zone of 36.0 mm compared to 14.0 mm for PL.  e fi ndings indicate that modifi cations 
should be made in the loading capacity, encapsulation effi  ciency, and physicochemical properties. 
Also the fi ndings confi rmed that SLNs are eff ective PL carriers for controlling bacterial and fungal 
diseases.  ese fi ndings suggest that LNPs-PL could be developed as natural antimicrobial agents 
for food preservation or surface sanitization in the food industry
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Introduction  

Meat is an essential component of human 
nutrition, providing high quality protein, 

essential and non-essential essential amino acids, 
minerals and vitamins [1]. However, it also serves as 
an ideal medium for the growth and proliferation of 
spoilage microorganisms and serious pathogens as 
Bacillus cereus, Escherichia. coli O157:H7, Salmonella 
spp., Listeria monocytogenes and S.  aureus [2]. Food 
of animal origin, such as meat and meat products, can 
be contaminated with methicillin-resistant S. aureus 
(MRSA) during various stages of production. Con-
tamination may occur during slaughtering or milking 
processes from colonized or infected animal.  is can 
lead to contamination of food products and environ-
ment, and ultimately the transmission of MRSA to hu-
mans through direct contact with contaminated meat 
[3].  e emergence of antimicrobial resistance among 
foodborne pathogens is largely attributed to the ex-
tensive use of antibiotics.  e spread of MRSA germs 
to the human population can be attributed to improp-
er hygienic standards and procedures throughout the 
slaughtering, transportation, and marketing process-
es, as evidenced by meat contamination [4].  Propo-
lis, a natural resinous substance collected by honey-
bees from plant parts, buds, and exudates, has gained 
attention due to its potent biological activities. Its 
chemical composition varies depending on climates 
and geographical origin but is generally rich in poly-
phenols and fl avonoids, which are responsible for its 
antimicrobial properties. In recent years, the use of 
natural antimicrobial agents has become increasingly 
important. Furthermore, because nanoparticles may 
pass through bacteria and bacterial biofi lms, they may 
be a useful tool for limiting the spread of bacterial in-
fections [5 ].  e goal of this study was to evaluate the 

Abbreviations-Cont'd
SEM: Scanning electron microscopy
GC-MS: Gas Chromatography-Mass Spectrometry
EE: Encapsulation effi  ciency
LC: Loading capacity
ICMSF:  e International Commission on Microbiological Speciĕ ca-
tion for Foods
ATCC:  e American Type Culture Collection
UV–Vis: Ultraviolet–visible spectrophotometry
Au−Pd: Gold-Palladium
DSC: Diff erential Scanning Calorimetry
MHA: Mueller-Hinton agar
ANOVA: Analysis of Variance
PCR: Polymerase Chain Reaction
PDI: Polydispersity Index
mV: millivolt
HERP: Hydroethanolic extract of red propolis
PLGA: Poly(lactic-co-glycolic acid)
MIC: Minimum Inhibitory Concentration
3D: A three-dimensional

Results  
Prevalence of MRSA in raw beef samples

 e microbiological analysis of 112 raw beef col-
lected From diff erent markets in Wasit city during the 
summer season revealed that four (MRSA) isolates, 
were detected from the pooled samples from diff erent 
brand and locations. 50 samples (44.6 %) were positive 
for S. aureus, and among these, 20 isolates (40%) were  
confi rmed as MRSA (Table 1, and fi gure 1). Also the 
Conventional PCR screening revealed that all the iso-
lates were  positive for intrinsic methicillin resistance 
(mecA) gene, producing a 163 bp amplicon (Figure 2). 

Preparation and Characteristics of LNPs-PL
DLS analysis

Particle Size and Morphology
Dynamic light scattering (DLS) analysis revealed 

an increase in nanoparticle size from 204.16 nm to 244 
nm a er loading with propolis extract, confi rming 
successful encapsulation.  e SEM image of LNPs-PL 

Table 1.
Prevalence of MRSA in Raw Beef Samples (n=112)

MRSA Positive 
(%) (95% CI)

S. aureus 
Positive (%)

Total 
Samples 

(N)

Sample 

Type
20/50 (40.0 ± 6.9%)50 (44.6 ± 4.7%)112Raw Beef

Data analyzed by Chi-square test; p < 0.05
S. aureus prevalence calculated as (positive samples/N) × 100.

Figure 1. 
Methicillin-Resistant S. aureus (MRSA) on HiCrome MeReSa 
Agar Base medium 

164

enhanced antimicrobial effi  cacy of propolis-loaded 
solid lipid nanoparticles (LNPs-PL) against methicil-
lin-resistant Staphylococcus aureus (MRSA) isolated 
from raw beef, and to compare its performance with 
free propolis.
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is displayed in Figure 3. SEM scan revealed that the 
nanoparticles were spherical in shape. 

Polydispersity Index (PDI) 
 e PDI values provide critical insights into the 

size distribution and homogeneity of the nanoparticle 
populations. A PDI of 0.421 for the free LNPs (Figure 
3) suggests a moderately broad size distribution, in-
dicating some variability in particle size. Conversely, 
a PDI of 0.277 for the LNPs-PL (Figure 4) indicates 

Figure 3. 
Appearance of LNPs-PL under scanning electron microsco-
py(SEM image of LNPs-PL at 50,000× magnifi cation. Scale bar: 
200 nm)

a more homogeneous and uniform size distribution 
compared to the free LNPs.  is suggests that the 
incorporation of propolis extract has contributed to 
a more uniform population of nanoparticles. Gen-
erally, a PDI below 0.3 is considered acceptable for 
pharmaceutical applications, indicating a relative-
ly homogeneous population.  e fi gures 4, 5 and 6 
representation clearly demonstrates the size increase 
post propolis loading.  e peak corresponding to 
LNPs-PL is shi ed to the right, indicating a larger size 
compared to the free LNPs.  e narrower peak width 
for LNPs-PL, which is consistent with the lower PDI 
value, suggests a more uniform size distribution. Ad-
ditionally, the presence of a small peak at the higher 
size range in the LNPs-PL sample indicates the ag-
gregation of a minor fraction of the nanoparticles. In 
summary, the data suggests that the incorporation of 
propolis extract into the lipid nanoparticles has re-
sulted in a size increase and a more uniform particle 
size distribution.  e lower PDI value for LNPs-PL 
supports the notion of enhanced homogeneity, which 
is advantageous for pharmaceutical applications.  e 
size distribution data, corroborated by the intensity 
graph, further validates these fi ndings.

Zeta Potential 
 e zeta potential of the lipid nanoparticles be-

comes more negative and shi ed from -36.7 mV to 
-50.7 mV a er loading with propolis extract.  is 
increase in negative surface charge indicates a sig-
nifi cant alteration in the surface properties of the 
nanoparticles.  e propolis extract likely contribut-
ed negatively charged components to the nanopar-
ticle surface, and thus enhanced the overall negative 
charge. 

 e antimicrobial activity of LNPs-PL
According to the antimicrobial activity data, 

LNPs-PL exhibited 74%, inhibition on the growth of 
MRSA. In addition, LNPs-PL exhibited signifi cantly 
higher antibacterial activity against tested microor-
ganisms compared to free PL.  e inhibition zone 
for LNPs-PL was 36.0 ± 1.2 mm, while free propolis 
showed only 14.0 ± 0.8 mm (Table 2 and Figure 7). 
 e 2.6-fold larger inhibition zones of LNPs-PL (p < 
0.001, Cohen’s d = 3.2) confi rm not just statistical but 
practical superiority over free propolis. 

Figure 2. 
Agarose gel electrophoresis image shows PCR product analysis of 
S. aureus. Lane M Marker ladder (50-1000bp), lanes (1-10): mecA 
gene of S. aureus isolate with 163bp.






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Figure 4. 
(PDI) to LNPs (Size distribution profi le of free LNPs showing polydispersity index (PDI = 0.421).

Figure 5. 
(PDI)  LNPs-PL (Size distribution profi le of LNPs-PL showing improved homogeneity (PDI = 0.277).

Figure 6. 
LNPs-PL (Intensity-based particle size distribution of LNPs-PL demonstrating increased average hydrodynamic diam-
eter post-propolis loading).
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Table 2.
Antimicrobial Activity of LNPs-PL vs. Controls

Statistical Testp-value (vs. 
PL)

Zone of Inhibi-
tion (mm, Mean 

± SD)
Treatment

One-way ANOVA<0.0136.0 ± 1.2**LNPs-PL

(Tukey’s post-hoc)—14.0 ± 0.8Propolis (PL)

—0 (no activity)Empty SLNs
Data represent mean ± standard deviation of triplicate experiments.
Asterisk (**) indicates statistical signifi cance (p < 0.01) vs. PL.
ANOVA assumptions (normality, homogeneity of variance) were verifi ed.

Figure 7. 
Inhibition zone as shown by LNPs-PL and regular PL on MRSA

Discussion  
In this study, we aimed to compare the antimicro-

bial activity of propolis-loaded solid lipid nanopar-
ticles (LNPs-PL) with that of free propolis against 
MRSA isolated from raw beef.

 e high prevalence of MRSA in raw beef  ob-
served in this study suggests contamination from 
multiple sources, including infected animals and im-
proper handling during slaughtering and processing 
(animal meat or workers who handled these meat 
may carried these bacteria as normal fl ora in their 
nasal cavity and their skin).  ese fi ndings are con-
sistent with previous studies reporting contamination 
sources. Scott et.al [6], reported that the meat can 
be contaminated with S. aureus during manufacture 
and handling. Waters et.al [7] reported a high prev-
alence of S. aureus isolated from fresh bovine meat, 
and Porpino et.al [8], reported that contamination of 
meat may occur through the diff erent stages of food 
preparation as production, distribution, storage in the 
retailing supermarkets and during improper refriger-
ation temperature, as a results an enhance in bacterial 
growth can occur, leading to productions of entero-

toxins. In the study done by Mohammed  et.al, report-
ed that food handlers who work with meat also can 
be the sourse of meat contamination by S. aureus [9]. 

 is size augmentation implies that the propolis 
extract has been eff ectively integrated into the lipid 
matrix or adsorbed onto the surface of the LNPs. Such 
an increase is anticipated and confi rms the presence 
of the propolis extract within the nanoparticle system 
[10].

 e SEM scan revealed that the prepared SLNs 
had a spherical shape. Particle size distribution was 
similar to DLS. A er loading, the nanocapsules had 
a spherical form, high dispersion, and a limited size 
distribution [11].

Because of their spherical morphology, the SLNs 
have the fi nest ability to have controlled release and to 
protect against encapsulated essential oil.  is is be-
cause, compared to other types of nanoparticles, the 
spherical shape has the lowest contact surface with the 
aqueous medium of the dispersed phase and a longer 
path for the essential oil contained in the nanoparti-
cles to fl ow [12].

Zeta potential is a critical parameter in assessing 
the stability of colloidal dispersions. Typically, zeta po-
tential values exceeding +30 mV or below -30 mV are 
indicative of good colloidal stability, as the electrostat-
ic repulsion between particles mitigates aggregation.  
Based on this, in the current study both the free LNPs 
and LNPs-PL exhibited zeta potential values within 
this range. Notably, the more negative zeta potential of 
the LNPs-PL (-50.7 mV) implies even greater stabili-
ty compared to the free LNPs.  is enhanced stability 
can be attributed to the additional negatively charged 
components provided by the propolis extract, which 
increase electrostatic repulsion and prevent particle 
aggregation [13, 14].

 e signifi cantly higher antimicrobial activity of 
LNPs-PL, in this study and in the study done by Jaiswal 
et.al [15], compared to free propolis can be attributed 
to improved growth inhibition of the tested bacteria, 
even at lower concentrations.  e may be because the 
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PL is effi  ciently delivered by the vehicle (SLNs) and 
had better interaction with the bacteria [16].

Some of its constituents appear to be connected 
to the mechanism of propolis' antimicrobial action. 
Propolis's combination activity, which inhibits pro-
tein synthesis and bacterial growth by stopping cell 
division, is linked to its strong bacteriostatic and bac-
tericidal actions [17]. Propolis contains high concen-
tration of fl avonoids, such as galangin, pinocembrin, 
and pinobanksin, which contribute to its antimicro-
bial (antibacterial and fungicidal) properties.  ese 
compounds may be the primary cause of the Propolis 
activity. For example, galangin and caff eic acids, two 
enzymatic inhibitory agent, are in charge of prevent-
ing the growth and multiplication of bacteria. Fur-
thermore, several of the active ingredients in propo-
lis have the potential to partially bacteriolyze the cell 
wall and cytoplasmic membrane. Flavonoids alter the 
permeability of the inner membrane of microorgan-
isms and have an impact on the bacterial membrane 
potential [18]. Because smaller particles have better 
penetration and are therefore more eff ective, PNs' 
antimicrobial activity is validated. Johnson et.al [19] 
examined the impact of PLGA nanoparticles contain-
ing a hydroethanolic extract of red propolis (HERP) 
(PLG-AHERP-NPs) on the breakdown of harmful 
biofi lms. According to this research, PLG-AHERP-
NPs outperformed gram-positive bacteria in terms 
of MIC and biofi lm formation. Variable cell wall and 
membrane structure in organisms can be linked to 
this discrepancy [19]. We mean the ingredients of 
propolis, specifi cally the fl avonoids and polyphenols 
(such as galangin, pinocembrin, pinobanksin, and 
caff eic acids) that are naturally present in propolis.We 
do not mean adding extra or external chemicals. We 
mean that when propolis is loaded into nanoparticles, 
its natural active ingredients (fl avonoids and polyphe-
nols) are delivered more eff ectively, which enhances 
antibacterial activity.

It is also useful against abnormalities of the 
mouth, particularly dental problems. Propolis's poly-
phenols and fl avonoids interact with a variety of mi-
crobial proteins to establish ionic and hydrogen con-
nections, changing the protein's three-dimensional 
(3D) structure and, its function [20]. Consequently, in 
comparison to propolis, the addition of these chemi-
cals  in propolis nanoparticles can enhance their abil-
ity to prevent bacterial growth.

Declaration on AI use
 e authors declare that no artifi cial intelligence (AI)-assisted tech-
nologies were used in the preparation, writing, editing, data analysis, 
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Materials & Methods  

Meat Sampling Technique
In the present research, a systematic and extensive sampling protocol 
was employed to examine the contamination of S. aureus and MRSA 
in raw beef. A total of 112 beef samples (500 g each) were collect-
ed aseptically from the boneless outer surfaces of shoulder muscles 
(n=56) and thigh muscles (n=56).  e samples were collected from 
randomly chosen carcasses in three main slaughterhouses and ten li-
censed retail butchers across Wasit City, Iraq, to ensure proper repre-
sentation of both the production and consumer points. Sampling was 
randomized and occurred over spring and summer periods (April 
to October 2024) to provide for potential temperature-dependent 
microbial variation, using sterile knives and pre-labeled polyethylene 
bags to prevent cross-contamination.  e samples were transported 
to the laboratory in insulated iceboxes at 4 °C and processed within 
6 hours to promote microbial viability. Prior to analysis, the samples 
were all aseptically trimmed of fat and connective tissue and homog-
enized in 0.1% peptone water for microorganism enumeration. To 
validate the integrity of sampling, negative controls (sterile swabs/
blank peptone water) and positive controls (ATCC 43300 MRSA and 
ATCC 25923 S. aureus) were run in parallel.
 is protocol, standardised in accordance with ICMSF (2002) guide-
lines, enabled the detection of MRSA prevalence that was statistically 
signifi cant with control of confounding variables by randomisation 
and stratifi cation by anatomical cut and source (60% abattoir/40% re-
tail). Strength in the methodology provides confi dence in follow-on 
antimicrobial effi  cacy testing of propolis nanoparticles on isolated 
MRSA strains. 

Isolation of S.aureus
 e bacteria were cultured on a variety of media, such as mannitol 
salt agar, MacConkey agar, and blood agar, which is specifi c to S. au-
reus. Isolated bacteria were identifi ed based on colony morphological 
shape, size, colour, and pigment  synthesis a er incubating the sam-
ples at 37˚C for 24 hours.

Propolis exhaustive extraction (PL)
Frozen propolis samples were fi rst put through a drying procedure 
in a dark environment kept at a certain temperature of 60 °C.  is 
drying step was crucial to remove moisture content while preserving 
the bioactive compounds within the propolis. Following the drying 
process, the propolis was fi nely milled to obtain a uniform powder 
weighing 100 g.  is powder was then homogenized in 100 ml of 
70% ethanol, ensuring thorough mixing and extraction of the bio-
active constituents.  e homogenization process was allowed to 
proceed for 48 hours, facilitating the effi  cient extraction of bioactive 
compounds into the ethanol solvent. A er the 48 hours extraction 
period, the homogenized sample was subjected to sonication to fur-
ther enhance the extraction effi  ciency by disrupting cell walls and 
releasing intracellular contents.  e sonicated mixture was then 
centrifuged at 10,000 rpm for 10 min to separate the solid residues 
from the liquid extract.  e resulting supernatant was carefully fi l-
tered through Whatman No. 2 fi lter paper to remove any remaining 
particulate matter.  e fi ltered extract was then concentrated using 
rotary evaporation at 60 °C, a step designed to remove the ethanol 
solvent and concentrate the bioactive compounds.  e concentrated 
extracts were subsequently lyophilized, a freeze-drying process that 
removes water content while preserving the integrity and activity of 
the bioactive compounds.  e fi nal lyophilized extract, weighing 20 
g, was carefully weighed and stored at 4 °C in a desiccator to prevent 
moisture absorption and degradation.  is meticulously prepared 
dried extract was then stored under controlled conditions until it was 
required for further experimental analyses, this way the stability and 
consistency of the bioactive components for subsequent research ap-
plications was ensured [21].
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Characterization of  LNPs-PL
Particle size and zeta potential

 e dynamic light scattering method (ZetaSizer Nano-ZS) was used 
to evaluate the SLNs formulations for particle size, polydispersity in-
dex, and zeta potential [22].

Determination of Encapsulation and Loading Effi  ciency
 e percentage of the total amount of PL that was obtained in the 
formulation at the end of the process is known as the encapsulation 
effi  ciency (EE).  e loading capacity (LC) was calculated by divid-
ing the entrapped PL mass by the lipid (stearic acid) total mass.  e 
EE and LC were calculated. Following careful weighing, 10 mg of 
LNPs-PL formulations were dissolved in 10 ml of methanol, and then 
centrifuged at 9,000 rpm for 30 minutes.  e amount of PL in the 
supernatant was measured at 274 nm using a UV–Vis spectropho-
tometer (T80+ UV/VIS Spectrophotometer, PG Instruments Ltd.). 
To calculate the percentage of PL, a calibration curve was developed 
using a range of pure garlic oil concentrations. Measurements of each 
concentration was repeated for three times.   
 e sormula for calculation of the loading and encapsulation effi  cien-
cy comes as follows:

               A-B/A X 100 = %EE, and A-B/C X 100 = %LC

Where:
A:  e percentage of GO that was added to the formulation overall.
B:  e supernatant's measured GO content.
C:  e formulation's total weight of lipid (1% w/w stearic acid).

Morphology Study
 e morphology of the nanoparticles has been examined using scan-
ning electron microscopy (SEM). A thin layer of Au-Pd was sputter 
coated onto the nanoparticles, which were then placed on aluminum 
stubs and analyzed using a scanning electron microscope (SEM 
XL30, Philips, Netherlands) [23].

Diff erential scanning calorimetry (DSC)
For PL and LNPs-PL DSC scans, a Mettler DSC 821e (Mettler To-
ledo, Germany) was used. Five milligrams of the samples were put 
into pans made of aluminum oxide, sealed, and then examined. An 
empty aluminum pan served as a guide.  e melting point of SLN 
dispersions was compared to that of the bulk lipid using DSC, which 
was carried out at a rate of 5 °C/min under N2 fl ow in a temperature 
range of 25 to 250 °C [24].

 e antimicrobial activity of LNPs-PL
Mueller-Hinton agar (MHA) was the culture medium that was used 
for bacterial culture grow, also S. aureus was cultivated on mannitol 
salt agar.  e well diff usion method was used to assess the antimi-
crobial activity of the tested compounds on MHA and mannitol salt 
agar. In the solid agar medium, 8 mm-diameter wells were made. 
100 µL aliquots of every tested formulation were introduced into the 
wells. Using a metal caliper, the diameter of the zone of inhibition was 
measured and recorded in millimeters following a 24-hour stay in the 
incubator.  e experiment was repeated for three times for each bac-
terium.  e average zone of inhibition has been determined for each 
test LNPs-PL and the regular PL [25].

Statistical analysis
One-way ANOVA and Tukey's post-hoc test for inhibition 

zones were used to examine the data, and unpaired t-tests was 
used for microbial counts (α=0.05). Proportions (e.g., MRSA 
prevalence) included 95% Wilson score confi dence intervals. All 
tests assumed normality (p > 0.05, Shapiro-Wilk) and equal vari-
ance (Levene’s test).  

 e authors declare that they have no confl icts of 
interest.
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Traditional fermented yogurts represent an important source of indigenous lactic acid bacteria 
(LAB) with desirable technological, sensory, and health promising properties. However, the tech-
nological potential of LAB from Afghan traditional yoghurt remains largely unexplored.  is study 
aimed to assess the technological and sensory attributes of LAB isolated from Afghan traditional 
yogurts. In this sense, four safe LAB strains, which were isolated from Afghan traditional yogurt, 
were used in the production of yogurts.  e fi nal product then were subjected to technological 
and sensory examinations through strain and product-based tests, and compared with commer-
cial control yogurt.  e results showed that all LAB isolates were positive for amylolytic activity 
and showed diff erent responses to exopolysaccharide (EPS) production. All strains, particularly 
Pediococcus acidilactici (NSG2), showed a better response in terms of acidifying activities, re-
duced pH, titratable acidity, and reduced syneresis compared to the control (p < 0.05).  e texture 
parameters of all four strains were signifi cantly diff erent, except the stiff ness of yogurt compared 
to the control group (p < 0.05). Sensory evaluation by both expert and consumer panels indicated 
that yogurt produced with indigenous LAB isolated from Afghan yogurt samples showed superior 
aroma, texture, fl avor, and overall acceptability. In conclusion, all isolates from Afghan traditional 
yogurt, particularly NSG2, showed outstanding technological and sensory attributes, refl ecting 
their potential for industrial use.
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Introduction  

Yogurt is an extensively enjoyed fermented 
dairy product that is popular around the 

globe [1]. Its consumption is linked to various health 
benefi ts, including better bone health, improved gut 
health, reduced cardiovascular disease risk, enhanced 
diabetes management, boosted immunity, and allevia-
tion of allergy symptoms [2]. According to the Codex 
defi nition, yogurt is a type of fermented milk created 
through the symbiotic action of Streptococcus ther-
mophilus and Lactobacillus delbrueckii subspecies 
bulgaricus [3]. Moreover, yogurts may contain addi-
tional cultures such as Lactococcus lactis, Lactoba-
cillus casei, or various species of Bifi dobacterium. In 
such instances, the product is classifi ed as yogurt with 
added bacteria.  e primary microorganisms found 
in yogurt belong to Lactic Acid Bacteria (LAB), which 
ferment lactose, the natural sugar in milk, into lac-
tic acid [4]. Numerous studies have been carried out 
that have identifi ed diff erent LAB from naturally fer-
mented milk products, with Lactococcus lactis subsp. 
cremoris and Lactococcus lactis subsp. lactis being the 
predominant microbiota, along with other mesophilic 
lactobacilli (Lactobacillus casei/Lactobacillus paraca-
sei, Lactobacillus plantarum, Lactobacillus helveticus, 
Lactobacillus fermentum, or Lactobacillus acidophi-
lus), Enterococcus faecium, Leuconostoc species, and 
Pedococcus [5].

 e quality of yogurt is infl uenced by diff erent 
factors, including the type and composition of the 
milk used, the fermentation kinetics, acidifi cation 
rates, the starter cultures used, and the post-produc-
tion handling and storage practices.  ese variables 
work together to defi ne the fi nal physicochemical, 
rheological, and sensory characteristics of the yogurt 
[6]. Even when using the commercial starter cul-
tures Streptococcus thermophilus and Lactobacillus 
delbrueckii subsp. bulgaricus, the modifi cation or 
inclusion of diff erent LAB strains can alter the char-
acteristics of yogurt, as these strains diff er in their 
acidifi cation processes and their capacity to generate 
structure-forming metabolites, especially exopolysac-
charides (EPS) [7]. Experimental evidence highlights 
that the choice of cultures signifi cantly impacts the 
fi nal product. Yogurt cultures can improve structur-
al stability and minimize syneresis. At the same time, 
adjunct/probiotic LAB (such as Lactiplantibacillus 
plantarum 299v or Lactobacillus acidophilus La-5) 

Abbreviations-Cont'd
MCT: Multiple Comparison Test
MRS: de Man-Rogasa-Sharpe
PC: Principal Component  
PCA: Principal Component Analysis
TA:Titratable Acidity 

can enhance gel fi rmness and/or increase acidifi cation 
depending on the strain and matrix. Consequently, 
mixed-culture systems are frequently employed to 
achieve an optimal balance between texture, stability, 
and sensory acceptance [8].

Traditional yogurt, harbor a wide variety and 
dense number of indigenous microbiotas, primarily 
consisting of LAB, which contribute unique sensory 
characteristics to the food.  ese microorganisms play 
a signifi cant and well-documented role in the nutri-
tional and dietary qualities of the product, infl uenced 
by types of mammalian milk used (e.g., cow, sheep, or 
goat), diverse microbial patterns, and various produc-
tion techniques employed [9]. Furthermore, the acidi-
ty levels, fl avor development, and texture of yogurt are 
directly aff ected by the starter culture’s characteristics. 
While various commercial starter cultures, are avail-
able globally, they may not always accurately replicate 
the physicochemical and sensory attributes of tradi-
tional starter cultures in the fi nal product. Moreover, 
one major risk associated with using a single starter 
culture for continuous yogurt production is bacterio-
phage contamination.  erefore, it’s crucial to identi-
fy new and wild yogurt starters that possess diff erent 
technological characteristics from local traditional 
yogurts to broaden the availability of yogurt starter 
cultures and improve the technological features of 
yogurt while maintaining traditional organoleptic 
qualities [10]. In this context, traditional Afghan yo-
gurt represents a valuable opportunity for discovering 
new and wild cultures, particularly LAB. However, no 
published research currently details and assesses the 
various properties of LAB isolated from Afghan yo-
gurt, particularly produced in the Eastern region of 
Afghanistan. Consequently, this study represents the 
fi rst investigation into the technological and sensory 
characteristics of diff erent LAB isolated from Afghan 
traditional yogurt.

Results  
 e results of this study are presented by distin-

guishing between the strain-based functional char-
acteristics of LAB and the technological and sensory 
attributes of the yogurts produced from these strains. 

Strain-based characteristics 
Amylolytic activity and exopolysaccharide pro-
duction 

 e amylolytic activity and EPS production of 
the selected LAB strains are presented in Table 1. All 
strains showed positive amylolytic activity. Regarding 
EPS production, strain-dependent diff erences were 
observed depending on the carbohydrate source. 
KSK1 exhibited positive EPS production in the pres-
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A er day one, signifi cant diff erences in the viability 
of all isolates were observed (p < 0.05). Over the 28-
day storage period, major diff erence in the survival 
of storage was recorded for KSK1 (0.95 Log CFU/g) 
followed by control (0.81), NW2 (0.48), and LAG2 
(0.30). In contrast, NSG2 survival rate was increased 
during the storage where the Log CFU/g of the isolate 
was increased by approximately 0.23 Log CFU/gr.  

pH and titratable acidity  
  e results of pH values of yogurt samples pro-

duced with diff erent LAB strains during 28 days of 
refrigerated storage are presented in Figure 2. On 
day 1, signifi cant diff erences were observed among 
all samples (p < 0.05), with pH ranging from 3.93 to 
4.11.  ese highly signifi cant diff erences persisted on 
days 7, 14, 21, and 28 of storage (p < 0.01). Although 
all samples showed a decreasing trend throughout 
storage, the extent of decrease varied among strains. 
By day 28, pH values ranged from 3.61 to 3.84 in 
LAB-fermented samples, while the control sample 
had higher pH at 3.84.

Changes in titratable acidity (TA) of yogurt sam-

ence of lactose, fructose, glucose, and sucrose, while 
LAG2 produced EPS when grown on lactose and fruc-
tose but not on glucose or sucrose. In contrast, NW2 
and NSG2 did not show EPS production with any of 
the tested carbohydrates.

Acidiĕ cation activity  
 e acidifi cation activity of the selected LAB 

strains was evaluated over a 24-hour incubation pe-
riod, as shown in Figure 1. At the initial time point 
(0 h), no signifi cant diff erences were observed among 
the strains, with initial pH values ranging from 6.51 to 
6.53 (p > 0.05). A er 6 h, all strains showed a signifi -
cant decrease in pH, and diff erences among them be-
came statistically signifi cant (p < 0.05). Additional re-
ductions in pH were observed at 12 and 24 h. Among 
the tested isolates, NSG2 consistently exhibited the 
lowest pH values at all fermentation times a er 0 h.

Product-based characteristics 
Survival of Isolates   

 e survival of the isolates in yogurt during 28 
days of refrigerated storage, are presented in Table 2. 

Table 1.
Amylolytic activity and EPS production of the selected isolates. 

Variable

Strain EPS production
Amylolytic activity

SucroseGlucoseFructoseLactose

PositivePositivePositivePositivePositiveKSK1

NegativeNegativePositivePositivePositiveLAG2

NegativeNegativeNegativeNegativePositiveNW2

NegativeNegativeNegativeNegativePositiveNSG2

Figure 1. 
Acidifi cation activity of four select-
ed isolates during 24 hours of stor-
age at 37 °C.
 e bars show the mean of dupli-
cate values, and error bars represent 
the standard error.  e data analy-
sis showed no signifi cant diff erence 
(p < 0.05), while in the subsequent 
storage times, a signifi cant reduc-
tion in pH values was observed (p 
< 0.05).
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ples produced with diff erent LAB strains over 28 days 
of refrigerated storage are presented in Figure 2 Fig-
ure 3. On day 1, titratable acidity values ranged from 
0.61 to 0.69% lactic acid, and no signifi cant diff erenc-
es were observed among samples (p > 0.05). During 
storage, TA increased progressively in all samples, and 
the diff erence was statistically signifi cant in all storage 
days (p < 0.05). On day 7, 14, 21, and 28, TA values 
ranged from 0.66 to 0.78%, 0.73–0.85%, 0.76–0.92%, 
and 0.81-0.94% lactic acid, respectively. 

Dry matter and syneresis  
 e dry matter content and syneresis of yogurt 

samples produced with diff erent LAB strains during 
28 days of refrigerated storage are presented in Table 
3. Dry matter content diff ered signifi cantly among 
samples (p < 0.05), ranging from 9.55% to 11.00%.  e 
control sample had the highest dry matter content, 
while the LAB-fermented samples showed compara-
ble values, with slight variations among strains.

Syneresis values on day 1 ranged from 13.87% 

Table 2.
Survival of the isolates during 28 days of refrigerated storage.  

Survival (Mean±SD) *
Strain

28th day21st day14th day7th dayDay one

7.52 ± 0.038.08 ± 0.05c8.47 ± 0.03c8.53 ± 0.04c7.97 ± 0.67KSK1

8.52 ± 0.02b8.85 ± 0.019.13 ± 0.039.22 ± 0.018.82 ± 0.02LAG2

7.93 ± 0.03c8.11 ± 0.02c8.53 ± 0.03bc8.93 ± 0.02b8.41 ± 0.02abNW2

8.85 ± 0.05a8.94 ± 0.01a9.10 ± 0.01a9.22 ± 0.02a8.62 ± 0.01abNSG2

7.53 ± 0.02d8.09 ± 0.02c8.57 ± 0.03b8.53 ± 0.03c8.34 ± 0.01abControl
* Number in each cell represents the mean ± SD of duplicate samples. 
a-d Means with diff erent small scale alphabet superscripts in the same column are signifi cantly diff erent. 

Figure 2. 
pH values of diff erent 
yogurt samples during 
28 days of refrigerated 
storage.
Each symbol shows the 
mean of pH value cal-
culated from duplicate 
samples, while the error 
bars show the SD. Dif-
ferent small alphabets 
in the same storage day 
show signifi cant dif-
ferences.  e results 
showed signifi cant dif-
ferences among diff er-
ent types of yogurt in all 
storage days (p < 0.05).]

to 24.05%.  e control sample exhibited signifi cant-
ly higher syneresis compared to all LAB-fermented 
yogurts (p < 0.05). Syneresis progressively increased 
in all samples throughout storage, with signifi cant 
diff erences observed among all LAB-fermented yo-
gurts on all storage days. On day 7, syneresis values 
ranged from 15.27% to 27.97%. By day 14 and day 21, 
these values further increased to 17.87–32.42% and 
19.35–39.20%, respectively. By day 28, syneresis val-
ues in LAB-fermented samples ranged from 20.47% 
to 26.72%, while the control sample exhibited the 
highest syneresis at 40.32%. 

Coagulation activity   
 e results of the coagulation activity of yogurt 

samples produced with diff erent LAB strains are pre-
sented in Table 4. Diff erences in coagulation time were 
observed among the strains. LAG2 and NSG2 exhib-
ited rapid coagulation, occurring within 4 - 6 hours 
of incubation at 42 °C. KSK1 and the control sample 
showed intermediate coagulation activity, with coag-
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Table 3.
Dry matter and syneresis of the produced yoghurt samples. 

Survival (Mean±SD) *
Dry matterStrain

28th day21st day14th day7th dayDay one

22.05 ± 0.4220.82 ± 0.3217.87 ± 0.18c15.27 ± 0.25e14.32 ± 0.32c10.30 ± 0.13bKSK1

20.47 ± 0.32e19.35 ± 0.14c19.42 ± 0.1817.57 ± 0.25c16.65 ± 0.28b9.55 ± 0.21cLAG2

26.72 ± 0.2520.55 ± 0.2819.00 ± 0.2818.17 ± 0.1814.42 ± 0.32c10.50 ± 0.14NW2

23.62 ± 0.18c19.50 ± 0.07c17.95 ± 0.07c16.65 ± 0.1413.87 ± 0.04c10.25 ± 0.21NSG2

40.32 ± 0.3239.20 ± 0.2132.42 ± 0.2527.97 ± 0.0424.05 ± 0.0711.00 ± 0.10Control
* Number in each cell represents the mean ± SD of duplicate samples. 
a-e Means with diff erent small scale alphabet superscripts in the same column are signifi cantly diff erent.

Table 4.
Coagulation activity of LAB strains. 

Coagulation*Strain

IntermediateKSK1

RapidLAG2

SlowNW2

RapidNSG2

IntermediateControl
* Rapid: 4-6 hours, Intermediate: 6-12 hours, and Slow: 
more than 12 hours. 

ulation observed between 6 and 12 hours. In contrast, 
NW2 displayed slow coagulation, requiring more 
than 12 hours to coagulate under the same conditions.

Texture proĕ le analysis 
 e fi ndings of texture profi le characteristics of 

yogurt samples fermented with diff erent LAB strains 
are presented in Figure 4. With the exception of stiff -

ness (p > 0.05), all other evaluated parameters showed 
signifi cant diff erences among the strains (p < 0.05). 
Hardness ranged from 0.67 to 0.98 N, with higher val-
ues observed in yogurts produced with LAG2. Cohe-
siveness values ranged from 0.39 to 0.69, with relative-
ly higher cohesiveness observed in the control sample 
(0.69) compared to most LAB-fermented samples. 
Springiness values were generally similar across sam-
ples, ranging from 11.01 to 14.57 mm, though yogurts 
fermented with LAG2 displayed higher springiness 
(14.57 mm) compared to the other strains. Gummi-
ness values ranged between 0.62 and 0.72 N. Chew-
iness (expressed as energy) ranged from 4.88 to 5.63 
mJ across all samples. Adhesiveness values ranged 
from 1.56 to 2.96 mJ, with higher adhesiveness ob-
served in yogurts produced with NW2. Stiff ness val-
ues, expressed as N/mm, ranged from 0.061 to 0.071.

 
Sensory evaluation 

 e sensory evaluation of the produced yogurts 
by the expert panel on day 7 is depicted in Figure 5. 

Figure 3. 
Titratable acidity of diff er-
ent yogurt samples during 
28 days of refrigerated 
storage.
Each symbol shows the 
mean of the titratable acid-
ity value calculated from 
duplicate samples, while 
the error bars show the SD. 
Diff erent small alphabets 
in the same storage day 
show signifi cant diff erenc-
es.  e results showed sig-
nifi cant diff erences among 
diff erent types of yogurts 
in all storage days except 
on day one (p < 0.05).]
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Figure 4. 
Texture profi le of yogurt samples produced with the isolates. 
Figure 4 shows the Bars show the mean of two samples, while error bars depict the SD. Bars with diff erent small alphabets are signifi -
cantly diff erent from each other.  e results showed that all the parameters of texture profi le of the yogurt samples were signifi cantly 
diff erent with each other (p < 0.05) except stiff ness of the yogurt samples (p > 0.05)]
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Figure 5.
Heatmap of the sensory evalu-
ation scores by expert panel of 
the produced yogurt samples.  
Score for each attribute is the 
mean of 10 expert panel.

Sensory score for diff erent attributes of the samples 
ranged from 1 to 7.3. NSG2 had the highest score for 
overall aroma intensity (6.5). For other Aroma attri-
butes, scores were below the medium score (5) except 
for the fragrant attribute, where KSK1 scored highest 
(6.4) and NW2 lowest (4.5). Regarding texture char-
acteristics, the high score for uniformity was reported 
for NSG2 (7.2), while NW2 scored lowest (4.9).  Sy-
neresis was reported  with low scores for Control and 
LAG2 samples at 3. Ropiness was higher for NSG2 
(6.6) and lower for NW2 and LAG2 (2.7). NSG2 also 
scored highest for overall fl avor intensity (7.3), fol-
lowed by LAG2 (7), KSK1 (6.1), control (5.4), and 
NW2 (4.3).  e majority of other fl avor related attri-
butes were below the medium score (5). In terms of 
mouthfeel, the creamy attribute received the highest 
scores, with NSG2 scoring highest (6.1) and control 
sample lowest (3). 

Principal Component Analysis (PCA) of the sen-
sory attributes is illustrated in Figure 6. High variabil-
ity (75.87%) is reported by both principal components 
(PC).  e projection of attributes onto the factor plane 
indicated that, cooked and sweet fl avors, cooked aro-
ma, and slimy mouthfeel negatively infl uenced PC 1. 
Conversely, other aroma, texture, taste, and mouth-
feel descriptors positively eff ected PC 1. On the other 
hand, PC 2 was positively infl uenced by sour, sweet, 
pungent, and cooked aroma, cream mouthfeel, and 
sweet, cooked, a ertaste, astringency, and overall in-
tensity fl avor descriptors are reported. Conversely, PC 

2 was negatively infl uenced by mouthfeel (slimy, por-
ridge like), aroma (fragrant, and overall intensity), fl a-
vor (bitterness and saltiness), and texture descriptors 
(ropiness, uniformity, and syneresis). 

 e PCA correlation analysis revealed a clear 
separation between control and treatment groups, al-
though the distinction between LAG2 and NSG2 was 
not evident. LAG2 and NSG2 were characterized by 
sour, pungent, and sweet aroma, creamy mouthfeel, 
sourness, astringency, a ertaste, and overall intensity 
fl avor descriptors. On the other hand, KSK1 was as-
sociated with texture attributes (ropiness, uniformity, 
and syneresis), aroma (fragrant and overall intensity), 
fl avor (saltiness and bitterness), and mouthfeel (por-
ridge-like). NW2 was characterized by high intensi-
ties of cooked aroma and sweet and cooked fl avor.  e 
control sample was solely intensifi ed in slimy mouth-
feel. 

Consumer panel sensory evaluation scores ob-
tained from 30-members are presented in Figure 7. 
NSG2 received the highest mean scores for fl avor 
(7.35), texture (7.20), and overall acceptance of 7.15. 
KSK1 followed with the second-highest ratings, par-
ticularly for aroma (6.70) and texture (6.90), achieving 
an overall acceptance of 6.55.  e control sample ex-
hibited intermediate values with an overall acceptance 
of 6.40, while NW2 and LAG2 recorded the lowest 
scores across all attributes, both achieving an overall 
acceptance of 6.10.
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Discussion  
 e present study aimed to assess the technolog-

ical and sensory attributes of yogurt produced using 
indigenous LAB strains isolated from traditional Af-
ghan yogurt. Notably, the study highlights the novel-
ty of Afghan traditional yogurt as an underexplored 
source of indigenous LAB, demonstrating strain-spe-

Figure 7. 
Spider plot of sensory 
evaluation of the produced 
yogurt samples by con-
sumers. 

cifi c performance in both technological and sensory 
aspects.  e results clearly indicate that the selection 
of starter culture signifi cantly impacts fermentation 
performance, physical stability, texture, and sensory 
quality. All tested strains exhibited positive amylolytic 
activity. However, EPS production varied infl uenced 
by the specifi c strain and the carbohydrate source uti-

Figure 6. 
PCA biplot for the distribution of diff erent yogurt samples and its correlation with the sensory attributes.
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lized. Regarding fermentation dynamics, the NSG2 
exhibited the most rapid acidifi cation and maintained 
lower pH values during refrigerated storage, where-
as titratable acidity showed a progressive increase 
across all samples. In terms of physical stability, yo-
gurt produced with indigenous strains generally ex-
hibited lower syneresis compared to the control. Co-
agulation times varied signifi cantly, with LAG2 and 
NSG2 displaying faster activity than NW2. Texture 
profi le analysis revealed signifi cant variations in most 
parameters, with the exception of stiff ness. Ultimate-
ly, sensory evaluation conducted by the expert and 
consumer panels revealed that yogurt produced with 
indigenous LAB strains off ered superior quality attri-
butes compared to the control sample. 

 e production of organic acids, predominantly 
lactic acid, by starter cultures is the primary outcome 
product of yogurt fermentation.  is process acidifi es 
the milk matrix, initiating milk coagulation and the 
formation of the yogurt gel [11-13]. Consequently, 
these changes are typically observed as an increase 
in titratable acidity and a decrease in pH over time. 
 ese acidifi cation processes are strongly strain-de-
pendent and infl uence coagulation kinetics and prod-
uct quality [6, 8].  e results of the present study align 
with this established phenomenon, demonstrating 
that the indigenous LAB isolated from Afghan yo-
gurts possess distinct acidifi cation capacities. Notably, 
NSG2 showed the highest acidifi cation activity com-
pared with the control and the other isolates, which 
corresponded to shorter coagulation times. Con-
versely, the NW2 strain showed slower fermentation 
kinetics. Ziarno et al. [8] similarly reported that the 
acid production is strain-dependent. In their study, 
samples supplemented with L. plantarum 299v and 
L. acidophilus La-5 reached the the lowest pH levels. 
Furthermore, Li et al. [14] observed a strain-depen-
dent pH decline in soy yogurt samples, where L. ac-
idophilus N4 rapidly reached the terminal fermenta-
tion point (pH 4.6) within 240 minutes, while other 
strains required between 260 and 280 minutes. 

Syneresis, commonly known as whey separation, 
is a key quality defect that negatively aff ects con-
sumer acceptance.  is defect is linked to the gel’s 
water-holding capacity and the structural integrity 
of the protein network [15, 16].  is defect is high-
ly strain-dependent, and studies reported the diff er-
ent intensities for diff erent yogurt types produced 
with diff erent LAB [17, 18]. In the present study, sy-
neresis progressively increased in all yogurt samples 
during the 28-day storage period. However, yogurts 
produced with the indigenous LAB strains exhibited 
signifi cantly lower syneresis compared to the con-
trol. Notably, the control sample, despite having the 
most pronounced dry matter content, showed the 
greatest syneresis by the end of the storage period. In 
contrast, yogurts fermented with indigenous strains 
demonstrated improved physical stability.  is en-

hanced stability may be attributed to factors such as 
EPS production (e.g., KSK1) and the formation of a 
more compact gel structure (e.g., NSG2).  ese fi nd-
ings align with previous research indicating that EPS 
production by LAB contributes to reduced syneresis 
and enhanced textural stability in yogurt systems 
[19]. Additionally, strain-dependent diff erences in gel 
structure and whey separation during storage are well 
documented. For instance, one study reported lower 
syneresis in yogurt containing Lactobacillus rhamno-
sus and Lactobacillus paracasei compared to the con-
trol group [20]. 

Texture profi le analysis provides an objective 
characterization of yogurt’s structural integrity 
through the measurement of mechanical properties 
associated with gel formation [7]. In the present study, 
most texture parameters diff ered signifi cantly among 
yogurt samples, with the exception of stiff ness, which 
remained comparable. Yogurts fermented with dif-
ferent strains showed distinct textural profi les, with 
LAG2 producing a fi rmer/more elastic gel and NW2 
showing higher adhesiveness.  ese fi ndings confi rm 
the strain-dependent nature of structure formation. 
Comparable strain-related variations in yogurt tex-
ture have been reported previously, where diff erences 
in texture profi le were linked to the LAB strains. Ili´c 
et al. [7] reported that the addition of selected probi-
otic strains alongside commercial starters increased 
fi rmness and related texture indices compared to 
other formulations. In addition, EPS production also 
aff ects the rheological, sensory, and texture proper-
ties of foods, including yogurt [20, 21]. In the present 
study, LAG2 strain, which produced EPS from lac-
tose, demonstrated good hardness.  is observation 
is supported by research from Ozturkoglu-Budak et 
al. [22] and Tiwari et al. [23] who reported that Bi-
fi dobacterium spp. can produce EPS, thereby enhanc-
ing yogurt fi rmness. Tabrizi et al. [19] also reported 
that EPS producing LAB signifi cantly increased the 
yogurt fi rmness throughout the storage compared 
to the control group using non-EPS producing LAB. 
Similarly, Wu et al. [18] also reported that Leuconos-
toc mesenteroides RSG7, an EPS producer, improved 
the textural properties, including hardness, cohesive-
ness, gumminess, chewiness, springiness, and ad-
hesiveness compared to the control group. From an 
industrial standpoint, strains that enhance fi rmness 
and reduce whey separation may help decrease reli-
ance on stabilizers and support cleaner-label yogurt 
formulations.

Sensory properties are among the required qual-
ities of yogurt, serving as a refl ection of the interplay 
between fermentation processes, matrix structure, 
and metabolite formation as perceived by consum-
ers [24, 25]. In the present study, sensory evaluation 
conducted by a trained and consumer panel showed 
distinct strain-dependent diff erences in aroma, tex-
ture, fl avor, and mouthfeel attributes. Notably, yogurt 
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produced with NSG2 consistently exhibited higher in-
tensities for key positive attributes, including overall 
aroma intensity, uniformity, ropiness, creamy mouth-
feel, and overall fl avor intensity. In contrast, NW2 was 
associated with lower sensory scores and was char-
acterized by undesirable cooked-related aroma and 
fl avor notes.  e control sample was mainly charac-
terized by slimy mouthfeel and lower overall sensory 
intensity. PCA supported these fi ndings, eff ectively 
separating the control from LAB-fermented yogurts 
and indicating distinct sensory drivers associated with 
each strains.  ese fi ndings are consistent with pre-
vious research demonstrating that LAB strains diff er 
signifi cantly in their capacity to modulate yogurt sen-
sory characteristics through strain-specifi c metabolic 
activity and structural interactions within the gel ma-
trix [26]. In addition, Lestari et al. [27] also reported 
that the incorporating of probiotic LAB not only im-
proved microbial quality but also maintained sensory 
acceptability comparable to control yogurt.  ese sen-
sory outcomes indicate that indeginous LAB, particu-
larly NSG2, represent promising candidate culture for 
producing consumer-acceptable yogurt with desirable 
aroma and mouthfeel profi les.

In conclusion, all LAB strains showed good per-
formance in terms of technological and sensory prop-
erties. All strains exhibited positive amylolytic activity, 
produced EPS from all or some carbohydrates, main-
tained viability during 28 days of refrigerated storage, 
displayed favorable acidifi cation activities, and senso-
ry properties compared to the control group. Among 
the indigenous LAB, NSG2 (Pediococcus acidilactici) 
was the superior candidate. It exhibited excellent acid-
ifying activity, coagulation, and textural profi le.  ese 
characteristics collectively improved the sensory attri-
butes of the yogurt.  ese fi ndings support the prac-
tical potential of these Afghan indigenous strains as 
starter or adjunct cultures for industrial yogurt man-
ufacture.

Materials & Methods  
Declaration of AI use
During writing this manuscript the author(s) used AI tools to check 
spelling, and grammar of the content where needed. A er using these 
tools, the author(s) reviewed and take full responsibility for the con-

tent.

Study design 
 is study evaluated the technological and sensory characteristics of 
four LAB strains isolated from traditional yogurt produced in Eastern 
Afghanistan (Table 5).  e isolates were stored at −18 °C and reac-
tivated prior to analysis. Assessments were conducted at two levels: 
(i) direct strain-based tests performed on the LAB isolates, and (ii) 
product-based tests involving the manufacture of yogurt using each 
isolate as a single-strain starter culture. 

Technological and sensory attributes 
 e evaluation of technological properties includes two types of tests 
namely strain-based test which included amylolytic activity, qualita-
tive test of exopolysaccharide production [28], acidifi cation capacity 
[29], and product-based tests which included pH, titratable acidity, 
syneresis, dry matter [29], coagulation activity, texture profi le analysis 
(hardness, springiness, consistency, and gumminess index) [30], and 
sensory analysis of the isolates. In addition, the survival of selected 
isolates was monitored over during 28-day refrigerated storage peri-
od [29]. All the tests were conducted in duplicate fashion.  e proto-
cols for each test are briefl y described as follows:

Strain-based examinations
Amylolytic activity
 e overnight culture of selected isolates of LAB in MRS medium was 
surface-cultured onto plates containing modifi ed MRS agar (MRS 
medium without glucose but with 0.25% starch).  e plates were in-
cubated at 37°C for 48 to 72 hours.  en, a warm iodine solution was 
p added to the plates as a detection agent.  e presence of clear halo 
zones surrounding the colonies indicated positive α-amylase activity.
Qualitative detection of exopolysaccharide production 
For the detection of EPS, the overnight culture of the isolated LAB 
strains was streaked onto MRS agar supplemented with 20 g/L sugar 
(glucose, fructose, sucrose, or lactose). Plates then were incubated at 
37°C for 36 to 48 hours.  e formation of slimy colonies by the LAB 
isolates on the sugar-containing media was indicative of EPS produc-
tion.  e "Ropy" character of the colonies was also assessed by pulling 
the colonies with an inoculating loop. 

Acidiĕ cation capacity  
 e acidifi cation capacity of the selected LAB strains was assessed by 
inoculating 1% (v/v) of the overnight culture in MRS broth of each 
LAB into 10 mL of reconstituted skim milk at 37°C.  e pH values 
were measured at the beginning of incubation (0 hours), and subse-
quently at 6, 12, and 24 hours with a digital pH meter.
Product (yogurt)-based examinations

Yogurt production 
Yogurt was prepared using commercial pasteurized whole cow’s milk 

Table 5.
Isolated LAB from the traditional yogurt of Eastern Afghanistan. 

Code of 
sample

District of yo-
ghurt sample

Province of yo-
ghurt sampleAccession #LAB strain#

KSK1SarkaniKunarOQ096590.1Lactiplantibacillus Plantarum H121

LAG2AlingarLaghmanEU626012.1Lactobacillus brevis KLDS 1.07272

NSG2SpingharNangarharMZ959430.1Pediococcus acidilactici HBUAS563063

NW2WamaNuristanMG551236.1Lactiplantibacillus plantarum NWAFU15594
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(Pegah, Iran).  e milk was homogenized, heat-treated at 95 °C for 
15 min, and then cooled to 42 °C. Selected LAB isolates were activat-
ed according to the procedure described by Faraki et al. [31]. Briefl y, 
overnight cultures grown in MRS broth were harvested, washed twice 
with sterile physiological saline, and resuspended in 2 mL saline.  e 
cell suspension was adjusted to a fi nal concentration of 10⁹ CFU/mL 
and inoculated into the milk at a rate of 2% (v/v). Inoculated samples 
were incubated at 42 °C until coagulation (indicated by a pH of 4.6). 
Post coagulation, the samples were stored at 4 °C for 28 days.
Survival of the isolates    
 e viability of the inoculated LAB during storage was monitored 
from day zero to day 28. To determine viability, one gram of yogurt 
accurately weighed and diluted in 9 mL of 0.1% (w/v) peptone water. 
 en, serial dilutions were performed as necessary. Subsequently, 0.1 
mL of the dilutions were plated on MRS agar.  e plates were incubat-
ed at 37 °C for 48-72 hours under anaerobic conditions.  e number 
of LAB was reported as CFU/g.

pH and titratable Acidity 
 e pH of the prepared yogurt samples was measured using a digital 
pH meter. TA was measured using the titration method with 0.1 N 
sodium hydroxide and phenolphthalein as an indicator. TA was re-
ported as a percentage of lactic acid, which was calculated through 
the following formulae: 
Titratable Acidity (% Lactic acid)=(Volume (mL) NaOH*Normality 
of NaOH*lacit acid equivalent)/(Volume of sample used (mL))

Syneresis  
To determine syneresis, 5 g of yogurt was centrifuged at 5000 rpm for 
20 minutes at 4°C and the separated whey was weighed.  e follow-
ing equation was used to calculate the syneresis:  
Syneresis (% )=(Weight of whey (g))/(Weight of yogurt (g) )*100

Dry matter 
 e dry matter of yogurt samples was determined using the gravi-
metric method, and the results were reported as a percentage (w/v). 

Coagulation activity  
Coagulation activity was assessed based on the time required for milk 
to coagulate at 42°C a er incubation. Strains were categorized as: (i). 
Rapid. Coagulation within 4-6 hours, (ii). Intermediate. Coagulation 
between 6-12 hours, (iii). Slow. Coagulation taking longer than 12 
hours.

Texture proĕ le analysis   
Texture analysis of the prepared yogurt samples was performed using 
a texture analyzer (Brookfi eld CT3, USA) according to the manu-
facturer’s standard protocols. Hardness (N), cohesiveness, springi-
ness (mm), gumminess (N), chewiness (mJ), adhesiveness (mJ), and 
stiff ness (N/mm)., were measured for texture analysis.  e texture 
characteristics of the samples were determined on day 7 at 4 ± 2°C 
without removing the samples from their containers, weighing 150 g. 
In this test, a cylindrical probe (with a smooth cross-section of 25.5 
mm in diameter, a speed of 1 mm/s, and a penetration depth of 15 
mm) was used in the yogurt sample immediately a er the samples 
were removed from 4°C [32, 33].

Sensory evaluation    
Sensory evaluation of the yogurt samples was conducted on day 7 of 
refrigerated storage.  e evaluation undertaken in a separated room 
under room temperature and adequate lighting. An expert panel (n 
= 10), comprising PhD students and lecturers experienced in yogurt 

sensory assessment from the food hygiene and aquaculture depart-
ment, performed quantitative descriptive sensory analysis.  is pan-
el received two days of training on the defi nitions of the descriptors 
and score scale.  e expert panel used a 9-point structured intensity 
scale (1 = very weak/low intensity; 9 = very strong/high intensity) 
to evaluate predefi ned sensory attributes encompassing aroma, tex-
ture, fl avor, and mouthfeel descriptors (Table 6). In parallel, a con-
sumer panel (n = 30) evaluated yogurt acceptability on day 7 using 
the 9-point hedonic scale (1 = dislike extremely; 9 = like extremely) 
for the aroma, texture, fl avor, and overall acceptability of the yogurt 
samples. Scores from both panels were recorded on evaluation forms 
and compiled for statistical analysis.

Statistical analysis     
 e collected data was analyzed using SPSS statistical so ware 
(Version 23, IBM Corp, Armonk, NY, USA). One-way Analysis of 
Variance (ANOVA) was used to compare the means among diff er-
ent groups. Duncan’s Multiple Comparison Test (MCT) was used 
for post-hoc analysis to identify specifi c diff erences between group 
means. All the numerical variables were reported as mean ± Standard 
Deviation (SD). To visualize the data for some variables, Graphpad-
Prism 9.2 (Version 9.2, GraphPad So ware, San Diego, CA, USA) 
and OriginPro (Version 2024, OriginLab Corporation, Northamp-
ton, MA, USA) so ware was used. A p-value less than 0.05 (p < 0.05) 
was considered as statistically signifi cant. 
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 is study investigated the prevalence of Mycoplasma pulmonis (M. pulmonis) contamination and 
disease within  a 6 month period in a laboratory animal production center housing rats, mice, 
hamsters, guinea pigs, and rabbits. A total of 66 samples from diff erent breeding colonies were 
subjected to culture, molecular diagnosis (PCR), and pathological examination. Sampling of the 
involved organs was performed in animals showed clinical signs. Clinical symptoms including tilt 
head and turning towards the aff ected ear, ruffl  ed coat, chromodacryorrhea, and cobblestone lung, 
were observed in four adult rats. PCR revealed M. pulmonis DNA in 33 samples (50%), indicating 
widespread contamination. However, positive cultures and isolation were confi rmed in only 12 
samples (18% of total samples), all originating from rat colonies. Pathological changes such as atel-
ectasis and bronchiectasis were observed in the samples of rats.  e facility utilized a conventional 
breeding system with a shared air conditioner and also lacked biosecurity barriers, facilitating easy 
transmission of infection from infected rat to other animals. Due to the lack of sensitivity of those 
animals to this microorganism, no apparent issues exhibited in them, suggesting the absence of 
stressful and predisposing conditions for opportunistic infections such as M. pulmonis. Although 
microbial monitoring should be done regularly and periodically for various infectious agents.
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Diagnosis and isolation of Mycoplasma pulmonis

Introduction  

M. pulmonis is recognized as a potential ro-
dent pathogen, even within advanced labo-

ratory animal breeding facilities [1]. Mycoplasma rep-
resents the smallest self-replicating and polymorphic 
microorganism, typically ranging from 200-500 nm in 
diameter.  eir gram-negative nature, lack of cell wall,  
combined with their diminutive size and fl exibility, 
enables them to easily traverse fi lter membranes, pos-
ing a contamination risk [1-5]. In rats and mice, M. 
pulmonis colonizes the respiratory tract, leading to re-
spiratory mycoplasmosis.  is condition is frequent-
ly undiagnosed due to its subclinical presentation. 
Clinical manifestations typically emerge only when 
the disease has progressed signifi cantly. Factors such 
as elevated ammonia levels, various stressors, and the 
presence of other pathogenic agents can infl uence the 
clinical progression and severity of the disease [1, 2, 6]. 
 e prevalence of respiratory mycoplasmosis in con-
ventional rat colonies has been reported up to 100%, 
while in colonies equipped with biosecurity measures, 
the prevalence ranges from 20% to 60%. In general, 
the prevalence of mycoplasma infections in laboratory 
rat colonies is higher than in other laboratory animals 
such as mice, hamsters, guinea pigs, and rabbits. Nev-
ertheless, mycoplasmas have been identifi ed in these 
other species, and they may serve as signifi cant po-
tential sources of infection, primarily in a subclinical 
form. In specifi c pathogen-free (SPF) colonies, the 
presence of mycoplasma infections is expected to be 
absent [3, 7, 8]. Hill (1972) noted that transmission 
risk is considerably higher from rats exhibiting overt 
disease compared to those with subclinical infections. 
Typical clinical manifestations include sneezing, nasal 
discharge, shortness of breath, and head tilt, partic-
ularly when middle or inner ear infections are pres-
ent. Other common symptoms include weight loss, 
hunchback, wrinkled skin, and the presence of chro-
modacryorrhea in the eyes and nostrils, which are red 
secretions from harderin gland. Nasal secretions rare-
ly become mucous and purulent, but sometimes pu-
rulent exudate may be seen in the nasal passages, ears, 
and trachea. Mycoplasmas usually aff ect the respira-
tory tract [1, 2, 4, 6, 9, 10]. In infected rats, the lungs 
may appear normal in the early stages. However, in 

Abbreviations-Cont'd
PPLO: Pleuropneumonia-like organisms
H & E: hematoxylin and eosin 
BLAST: Basic Local Alignment Search Tool 
PC: Positive Control 
NC: Negative Control 
PS: Positive sample
fnPCR: Fluorogenic Nuclease PCR

the later and advanced stages of the infection, particu-
larly in older rats, the lungs can develop a cobblestone 
texture with gray or yellow-purple discoloration. 
Pneumonia and chronic infl ammatory infi ltrates re-
sulting from bronchiectasis abscesses may also be 
present [11]. Microscopic histological alterations of-
ten do not correlate with clinical symptoms or exter-
nal observations.  Common diagnostic methods in-
clude serology, ELISA, indirect immunofl uorescence, 
culture, histopathology, and molecular methods like 
PCR. However, serological assays may be imprecise 
due to cross-reacting or interfering antibodies, poten-
tially leading to false positive across diff erent species. 
ELISA detects mycoplasma infections through anti-
body detection in serum, but cannot identify subclin-
ical infections and may also produce cross-reactions 
with other species. PCR, using specifi c primers, can 
detect various mycoplasma genera and species with as 
little as 0.5-1 picogram of DNA. Employing the RT-
PCR method to amplify ribosomal RNA sequences 
enhances sensitivity by up to 1000 times, eff ectively 
identifying M. pulmonis in throat swab samples from 
rats. While culture can confi rm M. pulmonis presence, 
a negative culture result might indicate a subclinical 
infection. Isolating mycoplasma from rats exhibiting 
mild or moderate disease poses signifi cant challenges 
[1, 7].  e species identifi ed in laboratory mice and 
rats include M. pulmonis, M. arthritidis, M. neurolyti-
cum, M. collis, and M. muris, with M. pulmonis being 
the most signifi cant [3, 4, 7, 8, 12]. 

Mycoplasma cultures can be labor-intensive, 
time-consuming, and may lack sensitivity for cer-
tain species. Several factors infl uence the successful 
isolation of mycoplasmas, including the selection of 
appropriate tissues, proper sampling techniques, ap-
propriate transportation under standard conditions, 
the presence of growth-inhibiting factors in the sam-
pled tissue, and the microorganism’s nutritional re-
quirements [12]. It is advisable to collect samples from 
multiple tissues of the same animal. While isolation of 
M. pulmonis from rats with clinical signs is not diffi  -
cult, concurrent primary or secondary bacterial and 
viral infections can aggravate the lesions and compli-
cate diagnosis [7]. M. pulmonis is also considered as a 
zoonosis agent in person who deal with contaminated 
rats. Piasecki et al. (2017) reported a 76% infection 
rate in breeding technicians working with rats infect-
ed with M. pulmonis, detected via PCR  on nasopha-
ryngeal samples. Strain sensitivities also exist with 
laboratory mice. For example, the C57BL/6 is more 
resistant than the BALB/c and DBA/2 [8, 11, 13]. 
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and from this method it can be determined wheth-
er it is porphyrin or blood. Despite the presence of 
symptoms, fertility and reproductive in performance 
remained unaff ected across all examined laboratory 
animal colonies and the breeding output continued at 
normal levels.

Necropsy observations
In some of the infected rats with clinical signs, 

lung cobblestone was observed (Figure 3).

Clinical observations
Animals were monitored for clinical signs of the 

infection over a period of six months. Among all the 
tested laboratory animal colonies including Wistar 
and Sprague Dawley rats, non-inbred NIH and NMRI 
mice, BALB/c, C57BL/6 and DBA/2 inbred mice, 
golden Syrian hamsters, Pirbright albino and colored 
guinea pigs and Dutch albino rabbits, only the rat 
colony exhibited the related clinical signs (Table 1). 
Four adult male and female rats from both Wistar and 
Sprague Dawley strains were observed with clinical 
signs including head tilt and rotational movement to-
wards the aff ected ear (in the direction of bending the 
head) when the animal was li ed by the tail (Figure 1)

Figure 1. 
Head tilt in rat with respiratory mycoplasmosis towards the right 
ear.

All four aff ected rats displayed these symptoms; 
one animal additionally showed hunchback, a crum-
pled body cover and chromodacryorrhea around the 
eyes.  e red secretions contain porphyrin and are 
related to harderin gland.  ese secretions appeared 
bright fl uorescent red under the UV light (Figure 2) 

Results  

Figure 2. 
A) Chromodacryorrhea 
around the eyes (red 
arrows) and ruffl  ed coat 
(blue arrows), B) Obser-
vation of harderian gland 
discharges under the UV 
lamp appearing bright 
fl uorescent red.

Figure 3. 
Cobblestone lung in a rat with respiratory myco-
plasmosis.

Cultural observations 
Out of a total of 66 swab samples collected from 

diff erent colonies, only 12 samples (18%) showed col-
or change to orange and yellow in PPLO liquid me-
dium, without any observed turbidity (Table 1). Col-
onies grown on PPLO agar medium appeared in the 
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form of fried-eggs (Figure 4).

Histopathology 
Histopathological examination of lung tissue 

samples form symptomatic rats revealed hyperemia 
of the lung lobes.  ickening of vascular and alveo-
lar walls was observed due to the infi ltration and ac-
cumulation of lymphocytes and macrophages, which 
indicated infectious interstitial pneumonia (Figure 
5A).  e parenchyma of the lung tissue in some areas 
showed atelectasis, and bronchiectasis and bronchiol-

ectasis were present in a number of bronchi. Epithelial 
thickening with the accumulation of nuclei (hyperpla-
sia) and narrowing of the duct caused by a layer of 
cuboidal to columnar epithelium (obstructive bron-
chiolitis) were also observed (Figure 5B). 

Identiĕ cation of M. pulmonis 
During PCR analyses, 33 out of 66 swab samples 

showed the respective DNA band of 500 bp and hence 
were regarded positive (Figure 6). According to these 
results 50% of the samples were contaminated with M. 

Table 1.
 Type and number of animals and the results obtained.

Number of 
animals with 
positive cul-
ture results

Number and 
percentage of 
PCR-positive 

animals

Number and 
percentage 

of histo-
pathological 

changes

Number and 
percentage of 
animals with 

symptoms

Number 
of female

Number 
of male

Strain of 

animal

Type of

 animal

6 (100 %)6 (100 %)3 (50 %) 3 (50 %) 33Wistar
Rat

6 (100 %)6 (100 %)4 (66.7 %) 4 (66.7 %) 33Sprague Dawley

04 (66.7 %) 0033NIH

Mice

03 (50 %) 0033NMRI

000033BALB/c

000033C57BL/6

000033DBA/2

02 (33.3 %) 0033SyrianHamster

05 (83.3 %)0033Albino PirbrightGuinea pig

04 (66.7 %) 0033Color Pirbright

03 (50 %) 0033Albino DutchRabbit

12 (18.1 %)  33 (50 %) 7 (10.6 %)7 (10.6 %)
3333

Total
              66

Figure 4. 
PPLO broth medium A) uncultured, B) cultured with color change orange and yellow, C) typical Mycoplasma colonies on PPLO 
agar medium appearing as fried-egg.
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Figure 5. 
A) Bronchiectasis and bronchiolec-
tasis, thickening of the epithelium 
with the accumulation of nuclei 
(hyperplasia) and narrowing of 
the ducts by a layer of cuboidal to 
columnar epithelium (obstructive 
bronchiolitis) in the lung tissue of 
the aff ected rat (hematoxylin-eosin 
staining, magnifi cation X 200). B) 
Areas of the alveolar wall thickened 
with the infi ltration and accumu-
lation of lymphocytes and macro-
phages, in the lung tissue of the in-
fected rat, which indicates infectious 
pneumonia (magnifi cation X 32).

pulmonis. According to obtained results, 50% of Wis-
tar rats and 66.6% of the Sprague Dawley rats exhibit-
ed respiratory symptoms, while none of the other lab-
oratory animal species showed clinical sign. Animals 
that showed histopathological symptoms, also showed 
histopathological changes (10.6%). Comparison of 
microbiological culture and PCR analysis a signifi cant 
diff erence were recorded, and PCR analysis appeared 
more sensitive compare to microbiological culture. By 
culture only 18% of samples appeared positive, while 
PCR detected 50% positive samples.  e phylogenetic 
tree of M. pulmonis is shown in Figure 7. 

Figure 6. 
PCR product performed on swab samples for M. pulmonis 16S/23S 
rRNA intergenic spacer region. [M:  e Ladder DNA, 100 bp 
(GeneRulerTM 100 bp DNA Ladder-Fermentas) as a marker, PC: 
Positive Control, NC: Negative Control, PS: Positive sample].

Figure 7. 
Evolutionary analysis in 
the phylogeny tree of the 
samples from the current 
study, was constructed 
using the maximum like-
lihood method, utilizing 
the Mega version X (10) 
so ware.  e phylogenetic 
tree was constructed using 
the nucleotide sequence of 
the 16S ribosomal RNA se-
quence gene of the M. pul-
monis.  e sample and the 
other nucleotide sequences 
Mycoplasma were grouped 
together in a Clustal (clus-
ter), indicating their genetic 
similarity. Mycobacterium 
tuberculosis was the out 
group.
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Discussion  
Mycoplasma was initially isolated from rodents 

in the late 1940s, with M. pulmonis recognized as the 
predominant species in these hosts. Infection with 
this microorganism is of considerable importance be-
cause it can interfere with research results [7]. Rossini 
et al. (1983) reported the isolation of mycoplasmas 
from laboratory mice exhibiting symptoms of pneu-
monia and arthritis [7]. Furthermore, Timenesky et 
al. (1992) successfully isolated both M. pulmonis and 
M. arthritidis from rats and mice in conventional col-
onies [7]. Additionally, Barreto et al. (2002) identifi ed 
M. pulmonis in mice presenting respiratory symptoms 
[7].  is study was investigated the precence of mu-
rine respiratory mycoplasmosis in a laboratory ani-
mal production and breeding colonies. In the study, 
clinical signs were observed only in four adult Wistar 
and Sprague Dawley rats.  ese signs included head 
tilt and a rotational movement towards the aff ected 
ear. Additionally, one rat exhibited a ruffl  ed coat and 
chromodacryorrhea. In certain infected rats display-
ing clinical symptoms also exhibited characteristic 
cobblestone appearance of the lung. Overall, the in-
cidence of mycoplasma infections in laboratory rat 
colonies is greater than that in other laboratory ani-
mals, such as mice, hamsters, guinea pigs, and rabbits. 
While mycoplasmas can be isolated from these other 
species, they may serve as signifi cant potential sources 
of subclinical infection [3, 7, 8]. In the present study, 
by using culture methods, M. pulmonis was isolated 
from 12 samples from rat colonies, representing 18% 
of the total samples analyzed.  e lung tissue sam-
ples from rats exhibiting clinical symptoms displayed 
pathological alterations such as hyperemia, vascular 
and alveolar wall thickening, atelectasis, bronchiecta-
sis and bronchiolectasis. In contrast to culture results, 
PCR detected M. pulmonis in 33 out of 66 samples 
(50%) collected from colonies of rats, mice, hamsters, 
guinea pigs, and rabbits. According to Reyes et al. 
(2000), M. pulmonis is naturally present in the respi-
ratory and reproductive system of rats, although sus-
ceptibility varies among strains; for example, LEW in-
bred rats are more sensitive to M. pulmonis than F344. 
Also, the Sprague Dawley is more sensitive to genital 
mycoplasmosis than the Wistar [14]. Hence, the PCR 
technique employed in this study might have detected 
the M. pulmonis that are natural residents of the respi-
ratory system of these animals. In contrast, by culture 
technique these were not identifi ed which might be 
due to the small number of these bacteria or lower 
sensitivity of the method used compared to PCR anal-
ysis. Shafaati et al. (2016) detected the presence of M. 
pulmonis in the respiratory system of laboratory rats 
through PCR targeting the SrRNA gene and success-
fully isolated the organism. While, many other tech-

niques have also been employed for the identifi cation 
of M. pulmonis in laboratory animals [2]. Goto et al. 
(2012) employed MALDI-TOF MS spectrophotomet-
ric technique for rapid identifi cation of M. pulmonis 
[12]. Loganbill et al. (2005) used fnPCR (Fluorogenic 
Nuclease PCR) method to detect M. pulmonis in lab-
oratory rats [9]. Conversely, Disastra (2019) by using 
PCR method, reported no detection of M. pulmonis 
infection in samples prepared from the lungs and tra-
chea of mice, rats, guinea pigs and laboratory ham-
sters at Mahidol National Center of  ailand, indi-
cating that probably animals of this facility were free 
of this mycoplasma [15].  M. caviae and M. pulmonis 
cause latent infection in the nasopharynx, brain and 
genital tract of guinea pigs [11]. Guinea pigs are o en 
asymptomatic and carriers, but poor hygienic condi-
tions and overcrowding it can elevate ammonia levels, 
irritates the respiratory tract and increases the risk of 
mycoplasma infection. In advanced cases, M. caviae 
and M. pulmonis cause acute lymphadenitis, metritis 
and arthritis in guinea pigs [16]. M. pulmonis has also 
been isolated from the rhinopharynx of rabbits with 
upper respiratory tract symptoms, likely due to prox-
imity to infected rat colonies [16]. Abd-Algawad et al. 
(2021) reported that infection of rabbits with M. pul-
monis increases their vulnerability to bacterial infec-
tions such as Pasteurella multocida and Staphylococcus 
aureus [17]. In rabbits, respiratory diseases are the 
second most important a er digestive diseases. Re-
spiratory bacterial infections in rabbits cause rhinitis, 
sinusitis, otitis media, conjunctivitis, pneumonia, lung 
abscess and septicemia. Although mycoplasma infec-
tions are usually subclinical; for example, M. pulmonis 
infection in rabbits is very rare, but in some cases it 
can lead to respiratory disorders [17].  e breeding 
system examined in the present study used conven-
tional housing with shared ventilation and no biose-
curity barriers between diff erent areas, these condi-
tions likely facilitated the transmission of infection 
from infected rats to other laboratory animals.  e in-
sensitivity of these animals to the microorganism did 
not result in any adverse eff ects, suggesting a lack of 
stressful or predisposing conditions for opportunistic 
infections. However, regular and periodic microbial 
monitoring is essential for various infectious agents. 

Conclusion
 is study identifi ed M. pulmonis in almost 50% 

of the animals that showed clinical sign of respiratory 
mycoplasmosis. Mycoplasma infection is a recognized 
concern, and although preventive measures exist, it 
remains imperative for breeding centers to safeguard 
the health of their laboratory animals. Regrettably, in 
numerous countries, animal health certifi cates issued 
by various centers are o en not authentic. Beyond the 
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symptoms and complications associated with myco-
plasma infection, it adversely aff ects the outcomes of 
research involving these animals. Consequently, it is 
essential to investigate the presence of mycoplasma in 
the target animal population. Subclinical infections 
are common, and signifi cant number of laboratory 
animals may carry mycoplasma infections without 
exhibiting clinical symptoms.  e absence of SPF 
conditions and the use of shared ventilation likely fa-
cilitated the spread of infection within the facility ex-
amined.  erefore, the implementation of continuous 
and permanent health monitoring programs is crucial 
for quality control of these animals. 

Materials & Methods  
Ethical approval

 e present study was conducted in accordance with the 
guidelines set by the Animal Ethics Committee of Razi Vaccine 
and Serum Research Institute, and all experiments were carried 
out in accordance with relevant guidelines and regulations.

Animals
During a period of 6 months, from October 2023 to March 2024, dif-
ferent breeds of laboratory animals from a Laboratory animal breed-
ing facility in Iran were examined for possible contamination and 
disease caused by M. pulmonis. Laboratory animals included Wistar 
and Sprague Dawley rats, NIH and NMRI outbred mice, BALB/c, 
C57BL/6 and DBA/2 inbred mice, golden Syrian hamsters, albino 
and colored Pirbright guinea pigs, and albino Dutch rabbits. Each 
breed was housed in a separate room.

Animal Housing and management
 e breeding system was conventional and the airfl ow was provid-
ed by a shared air conditioner. No biosecurity barriers were in place 
between rooms. All animals appeared clinically healthy, were free 
from external and internal parasite, and were provided standard 
compressed food (pellets) and tap water ad libitum. Laboratory mice, 
rats, hamsters and guinea pigs were kept in shoebox polycarbonate 
cages, while rabbits were kept in aluminum cages with mesh fl oors 
and standard dimensions. For polycarbonate cages, sterile aspen tree 
wood shavings were used as bedding. Changing the cage and wood 
shavings was done twice a week.  e temperature of the breeding 
rooms was 22-24°C, the humidity was 45-55%, the air ventilation was 
8-10 three minutes/hour and the light/dark period was 12:12 hours 
cycle with light intensity was below 325 lux.

Sampling collection
Sampling was done according to the Federation of European Lab-
oratory Animal Science Associations (FELASA) guidelines [18-21]. 
Assuming the lowest probability of M. pulmonis presence in the men-
tioned colonies, for maximum sampling, 10% prevalence of infection 
at the animal colonies level was considered. On this basis and with 
the highest level of confi dence (99.9%), 66 adult animals (Table 1) 
were randomly selected from both sexes for sampling. Swab samples 
from the nasopharynx of animals (two samples from each animal) 
were taken according to the laboratory animal ethical principles. 
Samples from animals with clinical signs were taken according to the 
animal ethical principle. A er euthanasia (intraperitoneal injection 
of combination of ketamine and xylazine at the rate of 2-3 times the 
anesthesia dose) samples from the bifurcation of the trachea was tak-

en [22]. 

Culturing of Samples
 e collected samples were inoculated into PPLO (Pleuropneumo-
nia-like organisms) broth medium (BBL, Sparks, MD, USA).  e 
sample swabs were then taken out of PPLO liquid media and 1 ml 
of the contaminated media was passed through a 0.45μm syringe fi l-
ters (Sartorious, USA) and transferred to fresh PPLO broth culture 
and incubated at 37°C for almost a week. If the color of the medium 
changed to orange or yellow (due to acidity) on three consecutive 
weeks with the renewal of the liquid culture medium, the results of 
mycoplasma culture are considered positive. Positive samples were 
further cultured on PPLO agar medium and observed daily up to 21 
days for typical M. pulmonis colonies. Samples from symptomatic 
animals were cultured on PPLO broth, blood agar, MacConkey agar, 
sabouraud dextrose agar and anaerobic cultured in blood agar and 
placed in a 37°C. 

Histopathological Examinations
In order to investigate the histopathology of lung tissue, samples 
from infected animals were prepared and placed in 1% neutral form-
aldehyde buff er solution. Tissues were routinely processed and em-
bedded in paraffi  n. Paraffi  n blocks were cut in sections of 5-6μm and 
stained with hematoxylin and eosin (H & E) for observation with a 
light microscope.  e used animal carcasses were destroyed using an 
infectious waste disposal device (hydroclave) [22].

DNA Extraction and PCR analysis
 e swab samples were subjected to DNA extraction using the high 
pure PCR template preparation kit (Roche Diagnostics GmbH, 
Mannheim, Germany) according to the manufacturers’ instructions. 
DNA concentration and purity were determined by absorbance us-
ing a Nano® spectrophotometer (Maestrogen, Las Vegas, USA).
 e assay was performed on an ABI Veriti 96  ermal Cycler (Ap-
plied Biosystems, Foster, CA, USA) using a primer amplifying a spe-
cifi c region, (16S/23S rRNA intergenic spacer region) as described 
earlier [23].  e reaction mixture (50 µl) contained 33 µl of nu-
clease-free water, 5 µl of 10X Ampliqon Ammonium Buff er, 1µl of 
25mM MgCl, 2µl 10 mM of dNTP mix, 2µl of 10µM each primer, 
1µl of 2.5 units/µl Ampliqon AccuPOLTM DNA Polymerase (AM-
PLIQON, Odense M, Denmark), and 4 µl of extracted viral DNA. 
 e PCR conditions included; 94°C for 2 min, 35 cycles of (94°C for 
30 sec, 54°C for 45 sec, and 72°C for 1 min) and 72°C for 5 min.  e 
PCR amplifi ed products were run and analyzed on 1% agarose gel 
electrophoresis. 
 e obtained PCR products were sequenced in both directions by 
a commercial DNA service company (Macrogen, Seoul, South Ko-
rea).  e obtained sequences were analyzed and compared with M. 
pulmonis reference sequences in a database using Basic Local Align-
ment Search Tool (BLAST) at NCBI.
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 is study investigated the potential of coliphages as a means of decreasing the amount of antibiot-
ics needed for treatment. Shigatoxigenic E.Coli (STEC) strains were isolated from diarrheic calves 
within the Hama governorate, Syria. Isolation was done with diff erential and selective media and 
biochemical confi rmation.  e presence of genes encoding Shiga toxins (stx and stx) was con-
fi rmed through multiplex polymerase chain reaction (PCR). Antibiotic susceptibility testing of 
the bacterial isolates was also done. In addition, bacteriophages from wastewater from cattle barns 
were isolated and their synergistic potential was assessed when combined with the antibiotics 
streptomycin, oxytetracycline, and neomycin.  e STEC isolates were resistant to antibiotics.  e 
highest resistance rates were observed against amoxicillin (88%) and penicillin G (92%). Notably, 
the phage-antibiotic combination therapy proved highly eff ective since the addition of bacterio-
phages reduced the minimum inhibitory concentration (MIC) of streptomycin, oxytetracycline, 
and neomycin. In streptomycin, the combination MIC was signifi cantly lower than that of strep-
tomycin alone (40 µg/mL streptomycin + 6 log₁₀ PFU/mL phages versus 250 µg/mL streptomycin 
alone). Similarly, the MIC for the oxytetracycline-phage combination (40 µg/mL + phages) was 
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(10 µg/mL + phages) also showed a signifi cant MIC reduction compared to neomycin alone (200 
µg/mL).

coli phage, PCR, MIC, Antibiotic Resistance, Virulence 
Factors

Number of Figures:          
Number of Tables:          
Number of References:: 

2025- Nov-23

 2026- Feb- 10
   2026- Feb-08

Number of Pages:          

         7

41
  12

         6

STEC:  Shigatoxigenic E.Coli
stx, stx: Shiga toxins

MIC: minimum inhibitory concentration
PFU: Plaque Forming Unit

Department of Public Health and Preventive Medicine, Faculty of Veterinary Medicine, University of Hama, Hama, Syria.
Department of microbiology, Faculty  of Veterinary Medicine, University of Hama, Hama, Syria.

aa b

a

b



69

RESEARCH ARTICLEIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Albaker et al., IJVST 2026; Vol.18, No.2
DOI:10.22067/ijvst.2026.96481.1617

Bacteriophage and Antibiotic against E. coli

Introduction  

Diarrhea is perhaps the most serious of all 
veterinary diseases, representing a primary 

causes of high mortality in suckling calves.  is con-
dition leads to profound weakness, reduced vitality, 
and poor health, making aff ected calves vulnerable to 
life-threatening secondary infections [1].

Various researchers have examined the incidence 
of calf diarrhea and identifi cation of its etiologic 
pathogens. Escherichia coli has been identifi ed as a 
major causative agent of calf diarrhea [2].

 e introduction of antibiotics marked a pivot-
al advancement in medicine, off ering eff ective treat-
ments over a wide range of potentially lethal infections 
and enabling advanced medical procedures [3]. How-
ever, the escalating crisis of bacterial drug resistance, 
largely driven by the overuse and misuse of these 
agents, has become a virulent global health emergen-
cy. As a response to this emerging threat.  e World 
Health Organization (WHO) and several public health 
agencies warn that if we do not take immediate mul-
tifactorial actions to slow resistance development and 
spread, the consequences will be overwhelming and 
most likely irreversible for human and animal health, 
the economy, and the environment. WHO developed 
a so-called One Health approach, recognizing people 
and animals closely connected within the shared en-
vironment [4].

In 2015, the World Organisation for Animal 
Health (OIE) observed highlighted the widespread 
availability of antimicrobial agents, in many countries, 
including developed nations, o en with minimal reg-
ulatory restrictions. Out of 130 countries recently 
assessed by the OIE, more than 110 still lack appro-
priate legislation governing the import, manufacture, 
distribution, and use of veterinary products, includ-
ing antimicrobials. As a result, these products circu-
late without control as ordinary commodities and are 
o en falsifi ed.

To date, there is no harmonized global system 
for monitoring the use and circulation of antimicro-
bial agents.  is information is essential, however, to 
track and control the origin of medicines, obtain reli-
able import data, trace their distribution, and assess 
the quality of products in circulation. To address this, 
OIE member countries mandated the organization to 

Abbreviations-Cont'd
PCR: multiplex polymerase chain reaction
AMR: antimicrobial resistance
CDC: Centers for Disease Control and Prevention
WHO: World Health Organization
GRAS: generally recognized as safe
FDA:  Food and Drug Administration

collect this missing information and establish a glob-
al database to monitor antimicrobial use, integrated 
with the OIE’s World Animal Health Information Sys-
tem (WAHIS).  is mandate is also supported by the 
Food and Agriculture Organization (FAO) and the 
WHO’s global action plan on antimicrobial resistance. 
 e database will provide a solid foundation for the 
three organizations' collaborative eff orts to combat 
antimicrobial resistance [5].

 is escalating crisis has prompted the quest for 
alternatives to traditional antibiotics. Various ap-
proaches have been tried, including antibody therapy, 
antimicrobial peptides, probiotics, essential oils, met-
al chelation, alongside eff orts to discover new antibi-
otics [6, 7, 8]. While these alternatives are promising, 
they are generally limited in that these agents are stat-
ic and cannot adapt to evolving bacterial resistance. 
 us, once resistance emerges, the agent becomes in-
eff ective.  is is accompanied by the huge time and 
fi nancial investment necessary to get new drugs onto 
the market. However, bacteria can easily mutate and 
develop resistance to these new agents as well.  is 
constant evolutionary battle makes the development 
of new antibiotics a challenging and o en unsustain-
able endeavor [9].

On the other hand, bacteriophages (viruses that 
infect and kill bacteria) possess a unique  capacity to 
co-evolve with their bacterial hosts. Combined with 
being the most ubiquitous biological entities on Earth 
(10³¹ particles estimated), such dynamic adaptability 
makes them a powerful alternative [10].

Phage therapy, the use of bacteriophages to treat 
bacterial infections, has been practiced for several de-
cades in Eastern Europe. Recent clinical cases from 
the U.S. and UK have also demonstrated its potential 
to succeed [11, 12]. While initially applied during the 
1920s in the Soviet Union, it remains a recognized 
treatment method for countries such as Russia and 
Georgia. Global interest in reassessing phage therapy 
as a potential antibiotic substitute has grown. Despite 
this, there are a number of challenges that restrict its 
general use in the clinical setting, including the selec-
tion of optimal phage for specifi c infection, the poten-
tial development of bacterial resistance to phages, and 
host immune responses against phages [8].

A signifi cant advantage of phages lies in their 
specifi city for particular bacterial species or strains. 
 is selectivity limits collateral damage to the benefi -
cial commensal bacteria within the host microbiome, 
a well-documented weakness of broad-spectrum anti-
biotics. Phages are also self-replicating at the infection 
site; they dynamically increase their numbers at the 
site of infection until their bacterial hosts are elimi-
nated, a er which they are cleared from the body [13].

Phages are considered to be generally recognized 
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Antibiotic Susceptibility of STEC
Shigatoxigenic E. coli (STEC) isolates exhibited 

high levels of antibiotic resistance.  e highest resis-
tance was observed against Penicillin G (92%), fol-
lowed by Amoxicillin (88%).

In contrast, the highest susceptibility was ob-
served for Ce iofur (68%), followed by Ciprofl oxacin 
(60%).  ese results are presented in Table 1.

Isolation of STEC
Shiga toxin-producing E. coli (STEC) represented 

41.66% of the E. coli isolates obtained from diarrhe-
ic calves in Hama Governorate, Syria. Among these 
STEC isolates, 60% carried the stx1 gene alone, 24% 
carried the stx2 gene alone, and 16% carried both stx1 
and stx2 genes., as shown in Fig. 1. 

Results  

Figure 1. 
Results of the multiplex polymerase chain reaction (PCR). Lane M 
represents the molecular weight marker (DNA ladder). Lane NC 
represents the Negative  control.  e remaining lanes display the 
results for the Escherichia coli isolates.

as safe (GRAS) by the U.S. Food and Drug Adminis-
tration (FDA), given the fact that humans ingest mil-
lions of particles on a regular basis every day through 
food and water [14].  e natural properties of phag-
es-safety, specifi city, and self-replication make phage 
therapy a better candidate than traditional chemical 
agents.  is is particularly apt when compared with 
the conventional drug development pipeline, a pro-
cess that takes more than a decade and more than a 
billion dollars to produce one novel antibiotic.

Given the economic importance of calf diarrhea, 
its multifactorial etiology, and the pressing issue of an-
timicrobial resistance, this study aimed to investigate 
the effi  cacy of phage-antibiotic combination therapy 
as a targeted treatment strategy.

Table 1.
Antibiotic Susceptibility Profi le of Escherichia coli Isolates

ResistanceIntermediateSensitiveAntibiotics 

28%36%36%Ampicillin

12%20%68%Ce iofur 

16%24%60%Ciprofl oxacin

16%32%52%Enrofl oxacin

64%24%12%Streptomycin

68%16%16%Gentamycin

76%16%8%Neomycin 

84%12%4%Oxytetracycline

76%12%12%Doxycycline

92%8%0%penicillin G

88%12%0%Amoxicillin

60%24%16%Trimethoprim

Synergistic Eff ect of Bacteriophages and Antibi-
otics against Shigatoxigenic E. coli (STEC):

A synergistic eff ect was observed between antibi-
otics and E. coli bacteriophages against the bacterial 
isolates.  e MIC for the combination of streptomy-
cin (40 µg/mL) and bacteriophages (6 log₁₀ PFU/mL) 
was much lower than the MIC of streptomycin alone 
(250 µg/ML).

 e highest bacteriophage titer (14.58 log₁₀ PFU/
mL) occurred at a streptomycin concentration of 20 
µg/mL, while the lowest bacteriophage titer (3.63 
log₁₀ PFU/mL) was recorded at a higher streptomycin 
concentration of 250 µg/mL.

 ese results are illustrated in Fig. 2, Fig. 3, Table 
2.

 e calculated Fractional Bactericidal Concentra-
tion Index (FBIC) was 0.26, indicating a strong syn-
ergistic eff ect between E. coli bacteriophages and the 
antibiotic streptomycin against E. coli.

A similar pattern was observed for oxytetracy-
cline.  e MIC for the combination of oxytetracycline 
(40 µg/mL) and bacteriophages (6 log₁₀ PFU/mL) was 
notably lower compared to the MIC of oxytetracy-
cline alone (250 µg/mL).

 e highest bacteriophage titer (14.75 log10 PFU/
mL) occurred at a sub-inhibitory oxytetracycline con-
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Figure 2. 
 e heat map shows the concentration of Escherichia coli germs 
a er 24 hours of incubation at 37°C with the synergistic eff ect of 
the antibiotic streptomycin and Escherichia coli phages.

Table 2.
 e table demonstrates the synergistic eff ect of bacteriophages with the antibiotic streptomycin, where the blue color 
represents the colony count of Escherichia coli, and the green color indicates the bacteriophage titer.

000000
250

9.2±3.58.25±2.67.15±2.35.74 ± 1.43.63 ± 1.20

000002.25 ± 0.8
200

9.35 ± 2.88.94 ± 3.47.11 ± 2.77.21 ± 2.86.31 ± 2.10

0002.14 ± 0.92.68 ± 0.73.23 ± 1.7
160

10.75 ± 2.310.42 ± 2.88.46 ± 3.18.38 ± 3.57.14 ± 2.30

002.24 ± 0.62.61 ± 1.13.35 ± 2.14.26 ± 2.2
80

12.22 ± 3.412.48 ± 3.310.74 ± 2.79.45 ± 3.47.83 ± 2.40

002.21 ± 1.23.47 ± 1.53.95 ± 1.85.94 ± 2.7
40

12.74 ± 3.113.63 ± 2.912.67 ± 3.811.96 ± 4.29.1 ± 3.20

02.18 ± 1.12.33 ± 0.83.51 ± 1.84.67 ± 2.28.73 ± 2.8
20

13.1 ± 2.814.85 ± 3.912.74 ± 4.210.85 ± 2.89.36 ± 3.70

02.42 ± 0.42.59 ± 1.54.68 ± 2.66.73 ± 2.79.15 ± 3.3
10

13.65 ± 3.514.37 ± 4.711.85 ± 3.79.78 ± 3.28.64 ± 3.80

02.75 ± 0.83.17 ± 2.16.73 ± 2.98.31 ± 3.39.52 ± 3.2
5

13.82 ± 3.213.63 ± 3.211.43 ± 3.59.85 ± 2.18.75 ± 3.60

03.34 ± 1.43.71 ± 1.87.82 ± 3.79.53 ± 3.89.57 ± 3.7
0

12.82 ± 2.912.14 ± 2.99.64 ± 2.89.26 ± 2.67.28 ± 3.20
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Figure 3. 
Titers of bacteriophage on synergistic action with streptomycin against 
STEC.

centration of 10 µg/mL, while lowest bacteriophage ti-
ter (4.77 log10 PFU/mL) was recorded in conjunction 
with the higher oxytetracycline concentration of 250 
µg/mL. ese results are illustrated in Fig. 4, Fig. 5, Ta-
ble 3.

 e calculated Fractional Bactericidal Concentra-
tion Index (FBCI) was 0.26, confi rming a robust syn-
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Figure 4. 
 e heat map shows the concentration of Escherichia coli germs 
a er 24 hours of incubation at 37°C with the synergistic eff ect of 
the antibiotic oxytetracycline and Escherichia coli phages.

Figure 5. 
Bacteriophage titres under synergistic use of oxytetracycline 
against STEC.

Table 3.
 e table demonstrates the synergistic eff ect of bacteriophages with the antibiotic oxytetracycline, where the blue color rep-
resents the colony count of Escherichia coli, and the green color indicates the bacteriophage titer.

000000
250

8.31 ± 2.87.84 ± 2.16.95 ± 1.46.12 ± 1.94.77 ± 1.70

000002.43 ± 0.6
200

9.12 ± 2.28.31 ± 2.67.35 ± 2.86.74 ± 2.15.74 ± 1.50

000003.75 ± 1.2
160

9.54 ± 2.79.63 ± 3.27.25 ± 2.68.73 ± 2.26.36 ± 2.70

0002.32 ± 0.82.43 ± 1.45.62 ± 2.1
80

10.21 ± 2.611.85 ± 3.68.73 ± 2.69.95 ± 3.57.46±2.30

002.31 ± 0.92.37 ± 1.23.16 ± 1.66.54 ± 1.9
40

10.76 ± 3.113.65 ± 4.210.32 ± 3.211.21 ± 4.28.42 ± 2.80

02.2 ± 0.62.38 ± 1.62.74 ± 1.84.61 ± 2.37.95 ± 3.1
20

11.32 ± 2.614.65 ± 4.111.83 ± 2.811.53 ± 3.79.12 ± 3.30

02.35 ± 0.72.75 ± 1.24.84 ± 25.8 ± 2.89.12 ± 3.6
10

11.46 ± 3.514.75 ± 3.611.63 ± 410.75 ± 2.38.73 ± 2.90

02.41 ± 1.23.47 ± 1.35.12 ± 2.17.84 ± 3.69.18 ± 3.2
5

12.56 ± 3.613.64 ± 3.810.74 ± 3.59.92 ± 3.28.32 ± 2.60

03.14 ± 1.53.82 ± 1.66.53 ± 2.59.17 ± 3.89.73 ± 3.5
0

12.78 ± 3.712.93 ± 4.310.23 ± 3.89.84 ± 2.27.82 ± 2.50
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ergistic interaction between E. coli bacteriophages and 
oxytetracycline against the Shiga toxin-producing E. 
coli (STEC) strains.

 e antibiotic neomycin also produced a syner-
gistic eff ect.  e MIC the combination of neomycin 
(10 µg/mL) and bacteriophages (6 log₁₀ PFU/mL) was 
much lower than the MIC of neomycin alone (200 
µg/ML).  e highest bacteriophage titer (13.63 log₁₀ 
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Figure 6. 
 e heat map shows the concentration of Escherichia coli germs 
a er 24 hours of incubation at 37°C with the synergistic eff ect of 
the antibiotic Neomycin and Escherichia coli phages.

Figure 7. 
Bacteriophage titers during synergistic application of neomycin 
against STEC.

Table 4.
 e table demonstrates the synergistic eff ect of bacteriophages with the antibiotic Neomycin, where the blue color represents 
the colony count of Escherichia coli, and the green color indicates the bacteriophage titer.

000000
250

9.5±3.88.64±3.57.58±2.46.34±2.84.87±2.10

000002.32±0.6
160

9.53±2.89.24±3.67.34±3.57.29±3.14.56±2.60

000003.86±0.8
80

10.3±3.710.23±3.79.11±3.38.34±2.34.97±2.40

00002.31±0.76.35±1.2
40

10.4±3.411.24±3.29.47±3.59.58±3.55.86±2.80

0002.5±1.43.28±1.87.56±2.1
20

11.7±4.213.42±4.110.83±4.110.11±4.26.39±3.60

002.21±1.22.63±1.13.43±1.89.01±2.5
10

13.5±3.713.63±4.311.37±3.210.58±4.27.9±3.20

02.22±0.72.53±1.44.76±24.21±2.38.86±2.5
5

12.7±3.512.84±3.511.37±3.710.76±3.97.8±2.50

02.32±0.63.28±1.76.56±2.48.64±3.19.65±3.1
0

12.6±3.812.64±3.710.24±3.29.36±4.17.4±3.20
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PFU/mL) occurred at neomycin concentration of 10 
µg/mL, while lowest bacteriophage titer (4.56 log₁₀ 
PFU/mL), was recorded at the highest neomycin con-
centration of 160 µg/mL.  ese results are illustrated 
in Figs. 6 and 7, Table 4.

 e calculated Fractional Bactericidal Concen-
tration Index (FBCI) was 0.15, indicating potent 
synergistic bactericidal activity between E. coli bac-
teriophages and the antibiotic neomycin against the 
targeted E. coli.
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 e aim of this study was to investigate the syn-
ergistic eff ects of bacteriophages combined with an-
tibiotics against STEC isolated from diarrheic calves. 
 e present study revealed a high prevalence of STEC 
among E. coli isolates obtained from diarrheic calves. 
In comparison with previous studies, Wang et al. [15] 
documented an STEC prevalence of 13.79% among 
E. coli isolates of calf diarrhea, with 37.5% of them 
possessing stx, 12.5% possessing stx, and 50% pos-
sessing both stx and stx. Nguyen et al. [16] report-
ed that 19.08% of E. coli isolates of diarrheic calves 
possessing stx, 30.29% possessing stx, and 24.48% 
possessing both stx and stx. In contrast, Andrade 
et al. [41] documented 82.8% of E. coli isolates of di-
arrheic calves possessing stx and only 4% possessing 
stx. Similarly, Cengiz and Adiguzel [17] reported 
that 3.03% of isolates possessing stx and 9.09% pos-
sessing stx.

Diff erences of STEC prevalence reported in the 
present study compared to earlier studies may result 
from diff erences inF geographical location, epidemi-
ological conditions, and farm management practices.

Moreover, the STEC isolates of diarrheic calves 
from the present study were signifi cantly resistant 
to a number of antibiotics. Extensive and o en in-
discriminate application of antibiotics likely play a 
central role in the emergence of resistant strains. For 
instance, Abdulridha and Ibrahim [2] observed 100% 
resistance of E. coli isolates of diarrheic calves against 
ampicillin and amoxicillin but only 30% susceptibility 
to ciprofl oxacin. Wang et al. [18] documented 100% 
resistance of E. coli isolates against sulfadiazine sodi-
um, enrofl oxacin, and ciprofl oxacin. while Ibrahim et 
al. [19] documented 100% resistance of E. coli isolates 
against colistin, tetracycline, amoxicillin/clavulanic 
acid, and trimethoprim sulfamethoxazole.

Variability in resistance profi les between studies 
likely refl ect variations in local antibiotic usage prac-
tices.

 e combination of E. coli bacteriophages with 
antibiotics showed markedly increased eff ectiveness 
when compared with the use of either treatment in-
dividually.  is synergistic interaction substantially 
reduced the MIC of the used antibiotics.  ese results 
align with earlier investigations; for example, Naru-
lita et al. [20] reported that combining phages with 
tetracycline or amoxicillin lowered antibiotic MICs. 
Moradpour et al. [21] reported strong synergy eff ect 
between ampicillin (6 µg/mL) and phages, achiev-
ing 95% E. coli growth inhibition compared with to 
85% for phages alone and 82% for ampicillin alone. 
Similarly, Shamsuzzaman et al. [22] reported that the 
combination of phages and colistin caused a 4-8-fold 
reduction in the MIC, and synergy with meropenem 

and tigecycline caused a 4-fold reduction of the MIC.
 e synergistic eff ects between phages and anti-

biotics may be explained by antibiotics weakening the 
bacterial cell wall, facilitating enhanced phage entry 
and bacterial lysis. Alternatively, antibiotics may sup-
press bacterial replication, allowing phages to pro-
liferate within cells, ultimately enhancing bacterial 
death and the release of new phage particles [23].

 e effi  cacy of the synergistic eff ect between bac-
teriophages and antibiotics may be attributed to sev-
eral reasons, including the occurrence of mutations 
conferring resistance to phage infection. Although 
such mutations prevent phage infection, they also 
provide a unique opportunity to signifi cantly infl u-
ence or steer the pathogen’s evolutionary trajectory 
toward a therapeutically benefi cial phenotype. In par-
ticular, phages that target structures involved in anti-
microbial resistance may promote evolutionary trade-
off s that enhance the activity of otherwise ineff ective 
antibiotics [24].

 e primary defense against phages arises through 
mutation or concealment of phage receptors [40]. 
Such surface modifi cations o en impose a consistent, 
non-adaptive, and pleiotropic cost on the host bac-
teria [25] and can have a direct impact on antibiotic 
resistance if the phage receptor plays a role in antibi-
otic resistance mechanisms. Synergy involving phage 
interaction with effl  ux systems was fi rst suggested 
with the discovery of phage OMKO1, which binds 
to the outer membrane porin protein OprM during 
infection of P. aeruginosa. OprM forms the outer 
membrane channel of the multidrug effl  ux systems 
MexAB-OprM and MexXY-OprM. Under selection 
by OMKO1, spontaneous phage-resistant mutations 
in P. aeruginosa exhibited increased susceptibility to 
ciprofl oxacin, tetracycline, ce azidime, and eryth-
romycin, likely due to reduced drug effl  ux capacity 
caused by altered or nonfunctional effl  ux pumps [24]. 
 us, phages that target components of effl  ux systems 
can synergize with antibiotics that are substrates of 
those specifi c systems. Furthermore, phage-mediated 
antibiotic sensitization has been observed for phages 
that target cell envelope structures such as lipopoly-
saccharides (LPS) [26] and capsular polysaccharides 
[27], suggesting increased membrane permeability or 
improved drug target accessibility as a potential evo-
lutionary mechanism for phage-antibiotic synergy.

Qin et al., [28] found that incubating Klebsiella 
pneumoniae with phage H5 alone produced phage-re-
sistant mutants with increased metabolic activity and 
competitive fi tness compared to an untreated control 
group.  ese mutants, which arose from missense 
mutations in wcaJ, a gene involved in capsule produc-
tion, were more susceptible to ce azidime.

Although some examples showed a direct rela-

Discussion  
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tionship between loss of the phage receptor and an-
tibiotic susceptibility, the heterogeneity of mutational 
responses to phage infection suggests that sensitiza-
tion may also occur indirectly. Accordingly, research-
ers have proposed that mutations likely conferred 
phage resistance, while increased drug susceptibility 
may be associated with reduced antibiotic effl  ux. Col-
lectively, these fi ndings suggest that deploying phages 
targeting effl  ux-enhancing structures or entry deter-
minants represents a novel and promising mode of 
phage-antibiotic synergy [28].

Alternatively, the synergistic eff ect observed in 
this study may be attributed to complementary mech-
anisms of action. Aminoglycosides such as strepto-
mycin and neomycin inhibit bacterial protein syn-
thesis by binding to the 30S ribosomal subunit.  is 
growth inhibition may impair the bacterium's ability 
to mount eff ective defenses against phage infection, 
such as CRISPR-Cas system or receptor modifi ca-
tions, thereby facilitating phage replication. Oxytetra-
cycline, a protein synthesis inhibitor also targeting the 
30S subunit, likely operates through a similar prin-
ciple, leading to a compromised physiological state. 
Additionally, at subinhibitory concentrations these 
antibiotics may induce mild membrane stress or alter 
cell surface architecture, potentially enhancing phage 
adsorption and genome injection [24].  ese mech-
anisms are consistent with the well-established doc-
umented observations that antibiotics can potentiate 
phage therapy by weakening bacterial homeostasis 
and suppressing resistance mechanisms, resulting in a 
more eff ective combined bactericidal outcome.

Limitations
 is study acknowledges several limitations. First-

ly, the lack of transmission electron microscopy anal-
ysis precluded precise morphological classifi cation of 
the phages, which is essential for taxonomic identi-
fi cation and understanding infection dynamics. Sec-
ondly, resource constraints prevented whole-genome 
sequencing of the phages. Such genomic data would 
be invaluable for assessing their lysogenic potential, 
identifying virulence factors, and assessing safety pro-
fi les. Finally, the fi ndings derived based solely from in 
vitro assays; the absence of in vivo validation in a rel-
evant animal model limits the translational relevance 
of our conclusions regarding therapeutic effi  cacy and 
safety within a complex biological system. 

Materials & Methods  
Declaration of Generative AI and AI-assisted 
technologies in the writing process

During the preparation of this manuscript, the authors used 
AI-assisted tools solely for language translation and grammatical 

phrasing. All scientifi c content, data interpretation, and conclu-
sions are the original work of the authors.

Ethical approval
Ethical approval was provided by the College of Veterinary Medicine, 
Hama University, Hama, Syria (No. 479, Date 20/2/2024). Rectal fecal 
samples were obtained from animals without anesthesia or tranquil-
izers a er obtaining the permission of the farmers.

Sample Collection
A total of 60 samples were collected from diarrheic calves (aged 1 
day to 6 months) in diff erent parts of the Hama governorate between 
July 2, 2024, to December 23, 2024. Samples consisted of swabs taken 
from aff ected animals, with one swab per animal inoculated directly 
into sterile tube containing peptone water. All samples were trans-
ferred to the laboratory for analysis on the same day.

Bacterial Isolation
Swabs were incubated on MacConkey agar (HiMedia®) at 37°C for 
24 hours. Lactose-fermenting colonies were subcultured onto Eosin 
Methylene Blue (EMB) agar (HiMedia®) and re-incubated at 37°C for 
another 24 hours.
Colonies exhibiting a characteristic dark green metallic luster on 
EMB agar were considered presumptive E. coli positive and were 
subjected to secondary biochemical confi rmation.  e isolates were 
tested using a battery of biochemical tests: Indole, Methyl Red, Vog-
es-Proskauer, and Citrate (IMViC) as enumerated by Gibbons et al. 
[29].

DNA Extraction
For DNA template preparation, 1-2 colonies from a pure isolate were 
transferred onto agar plates and were transferred into 50 µL sterile 
distilled water.  e suspension was incubated in a boiling water bath 
for 10 minutes and centrifuged at 12,000 × g for 15 minutes.  e re-
sulting supernatant was carefully collected and used as the DNA tem-
plate for the multiplex polymerase chain reaction (PCR) assay [17].

Multiplex Polymerase Chain Reaction (PCR)
Stx1 and Stx2 Shiga toxin genes were detected using specifi c prim-
ers, as shown in Table 5.  e PCR reaction mixture comprised a total 
volume of 25 µL, containing the following components: 3 µL DNA 
template,1 µL forward and reverse primer each, 2.5 µL 10X PCR buf-
fer, 1.5 µL Magnesium Chloride (25 mM), 0.5 µL dNTP mix (10 mM 
each), 0.5 µL Taq DNA polymerase (5 U/µL) and Nuclease-free water.
Amplifi cation was carried out using the Franck et al. [30] protocol 
with the following cycling conditions: Initial Denaturation: 94°C for 
3 minutes, 30 cycles of) :Denaturation: 94°C for 30 seconds, Anneal-
ing: 50°C for 45 seconds, Extension: 72°C for 1.5 minutes (90 sec-
onds) Final Extension: 72°C for 10 minutes.

Detection of PCR Amplicons
PCR products were analyzed by electrophoresis on a 2% agarose gel 
prepared in TBE buff er and stained with ethidium bromide (1 µg/
mL). Electrophoresis was performed at 100 V for one hour. Gel was 
visualized using a UVIpro Platinum transilluminator equipped with 
a UV light source and a camera. Images were captured using the ac-
companying so ware. DNA bands corresponding to the expected 
amplicon sizes for each virulence factor (Table 5) were identifi ed by 
comparison with a DNA molecular weight ladder.

Antibiotic Susceptibility Testing
Antibiotic susceptibility testing was performed using the Kirby-Bau-
er disc diff usion method on Muller-Hinton Agar. Bacterial suspen-
sions were adjusted to a turbidity equivalent to a
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Table 5.
Primers used in Shigatoxigenic  E. coli gene detection (Franck et al., 1998)

Size of product (bp)Primer sequence 5'-3'Virulence 
factor

555
TTCGCTCTGCAATAGGTAF

st1
TTCCCCAGTTCAATGTAAGATR

118
GTGCCTGTTACTGGGTTTTTCTTCF

st2
AGGGGTCGATATCTCTGTCCR

Table 6.
Antibiotics Used in Antimicrobial Susceptibility Testing of 
Shigatoxogenic  E. coli Isolates

Concentration
(µg/disc)

CodeAntibiotic Name

μg (10)AmAmpicillin

μg (30)CefCe iofur

μg (5)CipCiprofl oxacin

μg (5)EnrEnrofl oxacin

μg (10)SStreptomycin

μg (10)GenGentamycin

μg (30)NNeomycin

μg (30)TEOxytetracycline

μg (30)DoDoxycycline

μg (25)Ppincillin G

μg (25)AxAmoxicillin

μg (5)TmTrimethoprim

Host Bacterial Culture
E. coli isolates, originally obtained from di-
arrheic calves, were cultured in Nutrient 
Broth, and incubated at 37°C.  ese cultures 
served as the host bacteria for phage propa-
gation and isolation [33].
Plaque Assay and Phage Isolation
Double agar overlay technique was em-
ployed for phage isolation. A base layer of 
nutrient agar supplemented with calcium 
nitrate was prepared in sterile Petri dishes. 
For the overlay, 300 µL of fi ltered phage ly-
sate was mixed with 300 µL of host E. coli 
culture and incubated at 37°C for 10 min-

utes with constant agitation.  is mixture was then blended with 3 
mL of so  agar and overlaid on the base layer of agar. Plates were 
incubated at 37°C for 48 hours post solidifi cation. Clear zones of lysis 
(plaques), indicative of bacteriophage activity, were observed [34, 35, 
36].

Phage Puriĕ cation and Propagation
Single plaques were purifi ed using the method described by Ko-
bayashi and Palumbo [34]. A single plaque was picked using a sterile 
cork borer and inoculated into a sterile 100 mL PYCA peptone-yeast 
extract and calcium nitrate broth tube, containing 5 mL of pre-cul-
tured host E. coli.  e tube was vortexed for 30 seconds to release 
phages and incubated at 37°C for 48 hours.  e resulting lysate was 
centrifuged at 2000 rpm for 15 minutes to remove bacterial debris. 
 e supernatant was fi ltered successively through 0.45 µm and 0.22 
µm fi lters and stored at 4°C. 

Phage Spot Assay
An E. coli bacterial suspension, adjusted to a 0.5 McFarland standard, 
was spread onto Mueller-Hinton agar plates. A 10 µL droplet of phage 
lysate was then spotted directly onto the inoculated agar surface. Af-
ter allowing the droplet to absorb briefl y, plates were inverted and 
incubated at 37°C for 24 hours. Following incubation, the presence 
of plaques was assessed, and any observed plaques were purifi ed [35].

Phage Titration
Phage titers were determined using  the double agar overlay tech-
nique. Ten-fold serial dilutions were prepared by adding 100 µL of 
phage stock to 900 µL of PYCA broth. For each dilution, 300 µL was 
added to 300 µL of an 18-hour log-phase host E. coli culture, incubat-
ed for 10 minutes, and then combined with 3 mL of so  agar.  is 
mixture was overlaid onto base agar plates and incubated at 37°C for 
24 hours. Plates exhibiting 100–200 plaques were selected, and phage 
titer was expressed as Plaque-Forming Units per mL (PFU/mL) [35].

Synergistic Eff ect Between Bacteriophages and Antibiotics
 e synergistic activity between the isolated coliphage and three an-
tibiotics (neomycin, oxytetracycline, streptomycin) was evaluated us-
ing a quantitative checkerboard method in 96-well microtiter plates. 
Working concentrations of both phage and antibiotics were prepared 
from stock solutions using the standard dilution formula (C₁V₁ = 
C₂V₂). Two-fold serial dilutions of each antibiotic were combined 
with ten-fold serial dilutions of the phage across the plate matrix, ac-
cording to established protocols [37]. Bacterial growth was assessed 
a er 24 hours of incubation at 37°C. Instead of turbidity measure-
ments, synergy was quantifi ed by determining viable bacterial counts 
(CFU/mL) through ten-fold serial dilutions from each well and plat-
ing on Eosin Methylene Blue (EMB) agar [38].
 e Fractional Bactericidal Concentration Index (FBCI) was calcu-
lated using the following formula [39]:
FBCI = (MBC A+Ph / MBC A) + (MBC Ph+A / MBC Ph)

Where:

0.5 McFarland standard and swabbed onto the agar plates. Antibiotic 
Unidiscs were aseptically located on the inoculated fl oor.  e anti-
biotics tested, along with their concentrations and abbreviations, are 
listed in Table 6.
Plates were incubated at 37°C for 24 hours. Following incubation, the 
diameter of the zone of inhibition around each antibiotic disc was 
measured in millimeters using a calibrated ruler. Results were inter-
preted according to the Clinical and Laboratory Standards Institute 
guidelines [31].

Isolation of E. coli Bacteriophages
Sample Collection and Processing
Twenty wastewater samples (n = 20) were collected from dairy cattle 
barns in the study region for the isolation of E. coli-specifi c bacte-
riophages. Samples were transported under refrigeration (4°C) and 
processed immediately. Solid particulates were suspended in 100 mL 
of sterile peptone water, fi ltered through coarse fi lter paper, and then 
centrifuged at 2000 rpm for 15 minutes to remove coarse debris.  e 
supernatant was sequentially fi ltered through 0.8 µm, 0.45 µm, and 
0.22 µm membrane fi lters [32] to obtain a bacteria-free phage lysate.
Following three consecutive cycles of plaque purifi cation, a single, 
well-isolated phage clone was selected for all subsequent synergy ex-
periments.
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Non-surgical Resolution of Dystocia: Manual Correction Fetal 
Malposition

Introduction  

Zebras belong to the genus Equus and include 
four species: the plains zebra (Equus quag-

ga), Cape mountain zebra (Equus zebra), Hartmann’s 
mountain zebra (Equus hartmannae), and Grevy’s 
zebra (Equus grevyi) [1].  e most geographically 
widespread specie is the plains zebra, also known as 
Burchell's or common zebra, ranging from eastern 
South Africa to southern Ethiopia and South Sudan 
[1].  Despite their adaptability, human encroachment, 
habitat degradation, and competition with livestock 
pose risks to plains zebras, which has resulted in a 
drop in their population, leading to their classifi cation 
as near threatened and raising conservation concerns 
[1]. 

Mares usually reach puberty between 1 and 3 
years of age [2, 3], with fi rst estrus occurring around 
2–3 years.  e gestation period ranges from 361-396 
days [4], and fi rst foaling occurs at 3-4 years of age [3]. 
Parturition commonly occurs during the early morn-
ing hours [5]. Although, dystocia is relatively rare in 
mares, it represents a true veterinary emergency and 
needs to be treated promptly due to risks to both the  
mare and fetus [6].  e most frequent cause of dysto-
cia in mares is malposition from normal alignments, 
especially postural abnormalities, while anterior pre-
sentation, dorsal position, extension of the limbs and 
head posture are normal [7]. Approximately 99% of 
parturition occurs in the anterior presentation. Wil-
liams [8] and Noakes, Parkinson [9] reported that 
there is 1.1 % incidence of dystocia in equines.  is 
report describes a case of dystocia in a four-year-old 
captive plains zebra mare (Equus quagga) housed at 
Lahore Zoo, Punjab, Pakistan. In thai case, dystocia 
resulted from fetal malposition, a commom cause in 
equids, leading to a challenging condition but ulti-
mately successful manual correction was performed.

Case Presentation  
 e administration of Lahore Zoo requested as-

sistance from the University of Veterinary and Ani-
mal Sciences (UVAS), Lahore, Pakistan, to manage 
a suspected case of dystocia in a captive zebra. A 
clinical team from UVAS arrived at the zoo (90 Mall 
Road, Lahore, Punjab, Pakistan; 31.556°N, 74.325°E) 
in the a ernoon. Feeding and drinking of the animal 
were compromised.  e aff ected animal was a four-
year-old plains zebra (Equus quagga) mare exhibiting 
symptoms of prolonged labor. According to zoo staff , 
the mare’s water broke earlier that morning but no 
progress toward delivery had occurred by a ernoon.

 is was the mare’s fi rst parturition. Upon phys-
ical examination, the animal appeared to be standing 

but dull, depressed, and exhibited a staggering gait. 
Vaginal examination indicated completion of the fi rst 
stage of laber, but the second stage had been pro-
longed for 10-12 hours without progress.  e mare 
was struggling continuously. Clinical signs included 
sacrosciatic ligaments relaxation, vulvar edema, and 
ruptured fetal membranes. During the initial obstet-
rical assessment, fetal viability, orientation, and con-
dition of the birth canal were evaluated.  e fetus was 
confi rmed dead based on the absence of refl exes such 
as suckling and pedal response. Detailed palpation 
revealed an anterior longitudinal presentation, dorso-
pubic position, and multiple postural defects, includ-
ing carpal fl exion of both forelimbs and severe lateral 
deviation of the head.  e diagnosis of dystocia relat-
ed to fetal malposition was confi rmed by these abnor-
malities.

Obstetrical procedure and treatment 
General anesthesia was administered via remote 

darting (Figure 1. A) using a Teleinject Vario 4 sys-
tem. Butorphanol (0.01 mg/kg; total 120 mg) and de-
tomidine (0.1 mg/kg; total 50 mg) were administered 
for induction.  e mare was kept under anesthesia 
a er sedation with intravenous boluses of xylazine 
(500 mg) and ketamine (1,500 mg) [10]. dart place-
ment targeted the heavy thigh musculature using an 
18-gauge, 1.5-inch specialized needle [11]. Because of 
the low musculature and risk of injury, darting in the 
thoracic or abdominal regions was avoided.  e dart-
ing area was inspected for rough ground, pools of wa-
ter, debris and fencing. To reduce the risk of capture 
myopathy, the procedure was performed in a quiet, 
enclosed stall free of obstacles. A er the dart was fi red 
(Figure 1. A), the dart stuck eff ectively in the animal’s 
muscle. Sedation took eff ect within 20 to 25 minutes, 
and the dart successfully discharged and detached 
appropriately.  e mare was examined for external 
abnormalities such as sarcoids [12], hoof deformities, 
mucous membrane state, and oral health prior to the 
obstetrical intervention. Additional ketamine boluses 
(100–200 mg IV) were administered as needed to pro-
long the anesthesia [10]. Intravenous glucose-saline 
(1,500 ml) was provided to address dehydration and 
support energy requirements.

Obstetrical correction began with mutation to 
address the fetal postural defects.  Both forelimbs 
were fl exed at the carpal joints. To provide additional 
working space, the fetus was gently repelled into the 
uterus.  Flexion of the le  carpus was converted to fet-
lock fl exion.  e proximal metacarpus was oriented 
laterally, and the hoof was manually cupped and ro-
tated medially.  An obstetrical chain (Figure 1. C) was 
used to secure the limb once it had been stretched.  
 e right limb was corrected using the same tech-
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Figure 1. 
Stages of Dystocia Management in a Zebra (Equus quagga)
(a) Chemical immobilization (darting) using a remote injection system; (b) Physical restraint for clinical examination; (c) Manual 
forced extraction of the malpositioned fetus; (d) Outcome showing the dead foal post-extraction.

nique. Both legs were pushed back into the birth ca-
nal.  e head showed severe rightward deviation. A 
so  rope was used to snare the head at the mandible, a 
gentle repulsion allowed improved access. Controlled 
upward traction realigned the head, a er which both 
limbs were simultaneously tractioned. A er some 
time, legs and head were correctly positioned on the 
pelvic fl oor. Copious amounts of obstetrical lubri-
cant was applied to minimize trauma or reduce the 
risk of uterine rupture by rotating the fetus around its 
longitudinal axis into the dorsosacral position. Final 
traction was applied in a horizontal, downward, and 
posterior direction toward the hock joints (Figure 1. 
C). A er approximately two hours, the fetus was suc-
cessfully delivered vaginally.  e foal weighed 35 kg 
and displayed a typical neonatal zebra coat pattern of 
brown and white (Figure 1. D).

 e mare received supportive therapy during re-
covery, which included a second 1,500 ml glucose-sa-
line infusion and multivitamins (Amivicom, 30 ml). 
Ce iofur hydrochloride (1.1–2.2 mg/kg; total 7 ml) 
was administered to prevent the infection. System-
ic non-steroidal anti-infl ammatory drugs (NSAIDs) 
were administered to treat pain (5 ml, 2–4.4 mg/kg). 

 e mare regained the ability to stand without assis-
tance roughly four hours a er treatment began. Post 
procedure care included continued administration 
of phenylbutazone (2.2–4.4 mg/kg IV every 12 hours 
for 48–96 hours, then decreased and continued for 
5 days) and ce iofur (1.1-2.2 mg/kg, for 5 days). An 
antispasmodic drug (Spasfon) was administered as a 
preventative measure since lateral recumbency during 
sedation carries a risk of colic. 

Dystocia in mare is less common than in other 
domestic animals, but when it occurs, it is a serious 
obstetrical emergency that needs to be treated imme-
diately [6, 13].  ere is less documentation regarding 
dystocia in mares [14].  e most common cause of 
dystocia in equines is postural abnormality, especially 
lateral deviation of the head. Although other presen-
tation and positional abnormalities can also contrib-
ute, they are observed less frequently [9]. Fetotomy 
is frequently necessary in these situations in order to 
protect the mare's life and future reproductive poten-

Results & Discussion   
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tial [9]. Despite its eff ectiveness, cesarean section pos-
es additional risks, including decreased post-surgical 
fertility, uterine laceration, retained fetal membranes, 
laminitis, metritis, and peritonitis [6, 15]. An assisted 
vaginal delivery using mutation, repulsion, and con-
trolled extraction may be preferable to cesarean sec-
tion when fetal viability is lost and surgical facilities 
are unavailable [6, 16]. Furthermore, the availability 
of surgical facilities, fetal state, gestational age, and the 
veterinary team's experience must all be taken into 
account while making decisions. In equine, assisted 
vaginal delivery or fetotomy is o en favored over ce-
sarean section due to lower risks of mare mortality, 
retained placenta and reduced fertility [17]. 

In the present case, multiple fetal abnormalities, 
including dorsopubic positioning, bilateral carpal 
fl exion, and extreme lateral displacement of the head, 
resulted in dystocia. Despite the complexity of dysto-
cia caused by these combined abnormalities, resolu-
tion was achieved without recourse to cesarean sec-
tion or fetotomy. Successful manual correction was 
facilitated by timely intervention, accurate diagnosis, 
appropriate sedation, and skilled obstetrical manipu-
lation.  e use of remote dart administered anesthesia 
was particularly important given the wildlife context 
and was well tolerated without signifi cant complica-
tions. To the authors’ knowledge, represents the fi rst 
documented case in Pakistan of dystocia in a captive 
plains zebra successfully managed via assisted vaginal 
delivery.  No post delivery complications such as re-
tained fetal membranes, vaginal lacerations, or lami-
nitis were observed.   is case highlights the potential 
of non-surgical management of complex dystocia in 
wild equids under fi eld conditions and provides prac-
tical guidance for wildlife veterinarians confronted 
with similar scenarios.

Conclusion
 is case demonstrates that even complex dysto-

cia in zebras resulting from fetal malposition can be 
successfully treated through mutation and controlled 
extraction without the need for a fetotomy or cesarean 
section.   e positive outcome was largely dependent 
on early diagnosis, appropriate anesthesia, skilled ob-
stetrical manipulation, and attentive supportive care.  
Beyond adding to the limited literature on dystocia in 
wild equids, this report provides useful guidance for 
veterinarians managing similar cases in wild equines 
in fi eld conditions, this article contributes to the scant 
literature on equine dystocia.
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 شناسايى مورفولوژيك و ملكولى گونه هاى شايع ايمريا درگوسفندان وبزهاى 
شهرستان بجستان

محمد عبداللهى١، اسما كيوانلو٢، غلامرضا رزمى٣*

١دانش آموحته  دكترى عمومى، دانشكده دامپزشكى، دانشگاه فردوسى مشهد، مشهد، ايران. 

٢دانش آموخته دكترى تخصصى انگل شناسى، دانشكده دامپزشكى، دانشگاه فردوسى مشهد، مشهد، ايران.

٣ گروه پاتوبيولوژى، دانشكده دامپزشكى، دانشگاه فردوسى مشهد، مشهد، ايران.  

كوكسيديوزنوعى  بيمارى گوارشى است  توسط گونه هاى ايمريا در نشخواركنندگان كوچك ايجاد مى شود.  تاكنون طلاعات كمى در 
مورد گونه هاى ايمريا شناسايى شده در گله هاى گوسفند در استان خراسان رضوى وجود دارد. هدف از اين تحقيق شناسايى گونه هاى 
رايج ايمريا و تشخيص گونه هاى بيمارى زا در گله هاى گوسفند در منطقه بجستان است. از اكتبر ٢٠٢١ تا ژوئن ٢٠٢٢، چهارصد نمونه 
مدفوع از ركتوم گوسفند و بز گرفته شد. نمونه هاى مدفوع ابتدا با روش ويليس از نظر وجود آلودگى ايمريا بررسى شدند و سپس ميزان 
OPG با استفاده از روش كليتون لين تعيين گرديد. نمونه هايى كه OPG بالايى داشتند در محلول ٢/٥ ٪ دى كرومات پتاسيم كشت داده 

 DNA ،شدند. پس از هاگ دار شدن نمونه كشت داده شده، گونه ايمريا با استفاده از مشخصات مورفولوژيكى شناسايى شدند. همچنين
اووسيست هاى ايمرياى هاگ دار گوسفند و بز استخراج و با روشPCR  مورد آزمايش  قرار گرفتند.  دو نمونه مثبت  واجد واكنش قوى 
PCR از هر يك از اين حيوانات انتخاب و براى تعيين توالى ارسال شدند. در اين مطالعه، فراوانى آلودگى به  آيمريا در گوسفندان ٦٩/٥ % 

(١٣٩/٢٠٠) و در بزها ۶٩ ٪ (١٣٨/٢٠٠) بودند. در مطالعات ريخت شناسى، گونه هاى آيمريا فاورى و آيمريا اووينوئيداليس در گوسفندان 
را در  آيمريا  به  PCR وجود آلودگى  نتايج  بزها شناسايى شدند.  آيمريا كريستنسنى در  آيمريا هيرسى و  آليجوى،  آيمريا  و گونه هاى 
نمونه هاى مدفوع گوسفندان و بزها تأييد كرد. نتايج  بدست امده نشان دهنده شيوع بالاى آلودگى مخلوط گونه هاى آيمريا در گوسفندان 
و بزها در منطقه بجستان بود. همچنين فقط دو گونه آيمريا در گوسفندان و سه گونه در بزها از نظر ريخت شناسى شناسايى شدند.

* نويسنده مسئول: غلامرضا رزمى
razmi@um.ac.ir   

ميزان شيوع، شناسايى ، آيمريا، بز، گوسفند
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Cryo-infarction: an optimal approach for Rat MI studies

 انفاركتوس-كرايو: روشى برگزيده براى ايجاد مدل رت انفاركتوس ميوكارد

عليرضا كريمى١، مريم مقدم متين١،٢، آزاده حقيقى طلب١،٣، حسين كاظمى مهرجردى٤، مسعود 
رجبيون٤، مهرداد آقاسى زاده١، احمدرضا بهرامى*١،٢

١ گروه زيست شناسى، دانشكده علوم، دانشگاه فردوسى مشهد، مشهد، ايران.
٢ پژوهشكده  فناورى زيستى، دانشگاه فردوسى مشهد، مشهد، ايران.

٣ گروه سلول هاى بنيادى و پزشكى بازساختى، جهاد دانشگاهى-خراسان رضوى، مشهد، ايران.
٤ گروه علوم بالينى، دانشكده دامپزشكى، دانشگاه فردوسى مشهد، مشهد، ايران.

بستن شريان كرونرى قدامى نزولى چپ (LAD) يكى از روش هاى رايج براى ايجاد انفاركتوس ميوكارد (MI) در مدل هاى تجربى است، اما 
اين روش با محدوديت هايى از جمله مرگ ومير بالا، خونريزى بيش از حد و تغييرپذيرى در اندازه انفاركتوس همراه است. انفاركتوس -كرايو 
به عنوان يك جايگزين نويدبخش مطرح شده كه مى تواند با بهبود بقا و افزايش تكرارپذيرى، بر اين چالش ها غلبه كند. در اين مطالعه، هدف 
ما بررسى كارايى روش كرايو براى ايجاد يك مدل قابل اعتماد و عملى انفاركتوس ميوكارد در رت بود. رت هاى نر بالغ ويستار تحت جراحى 
توراكوتومى و تهويه مكانيكى قرار گرفتند و MI به وسيله بستن LAD با گره يا با روش كرايو القا شد. اعتبارسنجى مدل با استفاده از 
رنگ آميزى ترى كروم ماسون و ايمونوفلورسانس، اندازه گيرى سرمى تروپونين I و ارزيابى الكتروكارديوگرافى انجام گرفت. شدت انفاركتوس 
نيز با اكوكارديوگرافى سنجيده شد. يافته هاى حاصل از رنگ آميزى هماتوكسيلين-ائوزين و ترى كروم ماسون نشان داد كه انفاركتوس -كرايو 
در مقايسه با ليگاسيون مرسوم، از نظر سادگى، كارايى و كاهش مرگ ومير، مزاياى قابل توجهى دارد. اين نتايج پتانسيل انفاركتوس -كرايو را 
براى استفاده به عنوان يك رويكرد استاندارد در توسعه مدل هاى حيوانى مختلف براى تحقيقات پايه و كاربردى قلب و عروق برجسته مى كند.

* نويسنده مسئول: احمدرضا بهرامى
ar-bahrami@um.ac.ir   

انفاركتوس ميوكارد، انفاركتوس-كرايو، قلب، حيوان مدل
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Immunohistochemistry of canine cutaneous leiomyosarcoma

 بيان ايمونوهيستوشيميايى EGFR ، E-cadherin، β-Catenin  و Ki67 در سگ هاى 
مبتلا به ليوميوساركوم پوستى موضعى و مهاجم

فاطمه حيدرزاده١، امير امنيت طلب*٢ 

١گروه علوم درمانگاهى، دانشكده دامپزشكى، واحد اروميه، دانشگاه آزاد اسلامى، اروميه، ايران. 

٢گروه پاتولوژى، دانشكده دامپزشكى، واحد اروميه، دانشگاه آزاد اسلامى، اروميه، ايران.

صاف  عضلانى  الياف  از  بالقوه  كه  است  انسان ها  و  سگ ها  در  نادر  صاف  عضلانى  بدخيم  تومور  يك   (LMS) پوستى  ليوميوساركوم 
فوليكول هاى مو، عروق خونى يا بافت هاى تناسلى منشأ مى گيرد. هدف از اين مطالعه، بررسى شيوع، ويژگى هاى بالينى-آسيب شناختى، 
تغييرات هماتولوژيكى و خصوصيات ايمونوهيستوشيميايى ليوميوساركوم پوستى در سگ بود. در يك دوره ١٠ ساله در اروميه، ايران، 
شش مورد (سه مورد موضعى و سه مورد مهاجم) ليوميوساركوم پوستى (LMS) از ميان ٣١٨ سگ با ضايعات پوستى شناسايى شد كه 
نشان دهنده شيوع ١.٨٨ % بود. تجزيه و تحليل هماتولوژيكى نشان دهنده لكوسيتوز (افزايش گلبول هاى سفيد)، مونوسيتوز و ائوزينوفيلى 
معنى دار در سگ هاى مبتلا در مقايسه با سگ هاى سالم بود (p < 0.05). از نظر ميكروسكوپى، طيفى از پلئومورفيسم سلولى و الياف 
 MyoD1، عضلانى صاف نئوپلاستيك در دسته هاى درهم تنيده با بافت همبند استروماى كم مشاهده شد. ايمونوهيستوشيمى (منفى براى
Myogenin و CD31) وجود پيلوليوميوساركوم را تأييد كرد. افزايش معنى دارى (p < 0.05) در بيان مثبت و امتياز H براى نشانگرهاى 

Desmin، SMA،  Vimentinو Ki67 مشاهده شد. بيان EGFR و β-Catenin در گروه LMS موضعى به طور معنى دارى در مقايسه 

با LMS مهاجم و بافت طبيعى افزايش يافت  (p < 0.05) در حالى كه بيان E-Cadherin تفاوت معنى دارى در موارد LMS نشان نداد. 
اين يافته ها نشان مى دهد كه  EGFR محدود به تومورهاى اپيتليال نيست، بلكه در تومورهاى مزانشيمى مانند LMS نيز بيان مى شود. 
E-Cad- بيان از متاستاز رخ دهد. اگرچه  EGFR ممكن است پيش  افزايش تنظيمى  كاهش موارد LMS مهاجم نشان مى دهد كه 
herin/β-Catenin  به تنهايى ممكن است براى پيش آگهى كافى نباشد، ارزيابى تركيبى آنها همراه با نشانگرهاى تكثيرى و مزانشيمى 

كند. كمك  مهاجم  تومورهاى  عليه  هدفمند  درمان هاى  توسعه  به  و  كند  فراهم  تهاجم  مسيرهاى  درباره  ارزشمندى  بينش  مى تواند 

* نويسنده مسئول: امير امنيت طلب 
Amir.Amniattalab@iau.ac.ir  

ليوميوساركوم پوستى، سگ، ايمونوهيستوشيمى، چسبندگى بين سلولى، تزايد
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Propolis Nanoparticles Against MRSA

افزايش كارايى ضدميكروبى نانوذرات ليپيدى جامد پروپوليس در برابر استافيلوكوكوس 
اورئوس مقاوم به متيسيلين جداشده از گوشت خام گاو

جعفر الهاشمى١، امير سالارى١*، بسيما جاسيم محمد٢

١گروه بهداشت مواد غذايى و آبزيان، دانشكده دامپزشكى، دانشگاه فردوسى مشهد، مشهد، ايران.

٢دانشكده دامپزشكى، دانشگاه القادسيه، عراق.

استافيلوكوكوس اورئوس مقاوم به متى سيلين (MRSA) در گوشت گاو خام، با ايجاد عفونت هاى مقاوم، گسترش از طريق زنجيره هاى 
غذايى و ايجاد پل انتقال حيوان-انسان، سلامت عمومى را تهديد مى كند. مقابله با آن نيازمند تلاش هاى هماهنگ در زمينه ايمنى مواد 
غذايى، كشاورزى و مراقبت هاى بهداشتى است. مواد و روش ها: ١١٢ نمونه گوشت گاو خام از سطح بيرونى بدون استخوان شانه و ران 
استفاده  با   LNPs-PL روش هاى سنتى جداسازى شد.  با  متى سيلين  به  مقاوم  اورئوس  استافيلوكوكوس  گرفته شد. سپس  گاو  لاشه 
بارگيرى و ويژگى هاى فيزيكوشيميايى  بالا تهيه شدند. راندمان كپسوله سازى، ظرفيت  با برش  از تكنيك هاى فراصوت و همگن سازى 
فرمولاسيون توليد شده ارزيابى شد. با استفاده از ميكروسكوپ الكترونى روبشى (SEM)، مورفولوژى LNPs-PL بررسى شد. تركيب 
LNPs- ارزيابى شد. براى مقايسه فعاليت ضد باكتريايى GC/MS آزمايش شده با استفاده از آناليز LNPs-PL شيميايى روغن معمولى و
PL و PL معمولى، آزمايش هاى آزمايشگاهى انجام شد. نتايج: شيوع MRSA در بين نمونه هاى گوشت گاو خام ٥٠/١١٢ (%٤٤.٦) بود. 

از ٥٠ جدايه S. aureus، 20/50 (40%) (MRSA) بودند. نتايج فعاليت ضدميكروبى LNPs-PL نشان داد كه سطح مهار رشد روى 
 (p < 0.01 ) افزايش يافته است. تفاوت بسيار معنى دارى (PL) به (٣٦ ميلى متر) در مقايسه با (١٤ ميلى متر) بره موم MRSA باكترى
وجود دارد. LNPs-PL به طور قابل توجهى هاله هاى مهار رشد بزرگترى نسبت به PL نشان داد. نتيجه گيرى: بر اساس يافته هاى اين 
مطالعه، بايد در ظرفيت بارگذارى، راندمان انكپسولاسيون و خواص فيزيكوشيميايى اصلاحاتى انجام شود. يافته هاى ما تأييد كرد كه   
SLNها حامل هاى PL مؤثرى براى كنترل بيمارى هاى باكتريايى و قارچى هستند و تحقيقات بيشترى در مورد آنها مورد نياز است.

* نويسنده مسئول: امير سالارى
a-salari@um.ac.ir  
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Technological and Sensory Characterization of LAB

 ويژگى هاى تكنولوژيكى و حسى ماست توليد شده با باكترى هاى اسيد لاكتيك جدا شده از 
ماست سنتى شرق افغانستان

سيد عطاءالحق بنورى، عبداالله جمشيدى*، امير سالارى

گروه بهداشت مواد غذايى و آبزيان، دانشكده دامپزشكى، دانشگاه فردوسى مشهد، مشهد، ايران.

سلامتى بخش  و  حسى  تكنولوژيكى،  مطلوب  خواص  با  بومى  لاكتيك  اسيد  باكترى هاى  از  مهمى  منبع  سنتى  تخميرى  ماست هاى 
است.  مانده  ناشناخته  زيادى  تا حد  افغانستان  سنتى  ماست  از  اسيدلاكتيك  هاى  باكترى  تكنولوژيكى  پتانسيل  حال،  اين  با  هستند. 
اين مطالعه با هدف ارزيابى ويژگى هاى تكنولوژيكى و حسى باكترى هاى اسيدلاكتيك جدا شده از ماست هاى سنتى افغانستان انجام 
توليد ماست مورد  افغانستان جدا شده بودند، در  از ماست سنتى  اسيدلاكتيك كه  باكترى هاى  ايمن  اين راستا، چهار سويه  شد. در 
با  و  گرفتند  قرار  حسى  و  تكنولوژيكى  بررسى هاى  تحت  محصول،  و  سويه  بر  مبتنى  آزمايش هاى  طريق  از  و  گرفتند  قرار  استفاده 
متفاوتى  پاسخ هاى  و  بودند  مثبت  آميلوليتيك  فعاليت  نظر  از  كه همه جدايه ها  داد  نشان  نتايج  مقايسه شدند.  تجارى كنترل  ماست 
اسيدى،  فعاليت هاى  نظر  از   ،(NSG2) اسيديلاكتيسى   پديوكوكوس  ويژه  به  دادند. همه سويه ها،  نشان  ها  اگزوپلى ساكاريد  توليد  به 
 .(p < 0.05) دادند  نشان  بهترى  پاسخ  كنترل،  گروه  با  مقايسه  در  آب اندازى  كاهش  و  تيتراسيون  قابل  اسيديته   ،pH كاهش 
ارزيابى   .(p < 0.05) داشتند  معنى دارى  تفاوت  كنترل،  گروه  با  مقايسه  در  ماست  سفتى  جز  به  سويه  چهار  هر  بافت  پارامترهاى 
از  بومى جدا شده  اسيدلاكتيك  هاى  باكترى  با  توليد شده  ماست  كه  داد  نشان  و مصرف كننده  متخصص  گروه  دو  هر  توسط  حسى 
افغانستان، به  بهترى را نشان داد. در نتيجه، همه جدايه هاى ماست سنتى  نمونه هاى ماست افغانى، عطر، بافت، طعم و پذيرش كلى 
است. صنعتى  استفاده  براى  آنها  پتانسيل  نشان دهنده  كه  دادند  نشان  را  برجسته اى  حسى  و  تكنولوژيكى  ويژگى هاى   ،NSG2 ويژه 

* نويسنده مسئول: عبدا... جمشيدى
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Diagnosis and isolation of Mycoplasma pulmonis

 بررسى بالينى، پاتولوژى، مولكولى و جداسازى مايكوپلاسما پولمونيس عامل مايكوپلاسموز 
تنفسى موشى در كلنى هاى يك مركز توليد و پرورش حيوانات آزمايشگاهى

روزبه فلاحى*١، مجتبى محرمى١، محسن بشاشتى٢، صغرى بزرگى١

١بخش تحقيق، توليد و پرورش حيوانات آزمايشگاهى، مؤسسه تحقيقات واكسن و سرم سازي رازي، سازمان تحقيقات، آموزش و 
ترويج كشاورزى، كرج، ايران.

تحقيقات،  رازي، سازمان  و سرم سازي  واكسن  تحقيقات  قارچى طيور، مؤسسه  و  انگلى  باكتريايى،  بيماريهاى  تحقيق،  ٢بخش 
آموزش و ترويج كشاورزى، كرج، ايران.

اين مطالعه به منظور بررسى ميزان شيوع آلودگى به مايكوپلاسما پولمونيس و بيمارى حاصل از آن در طول شش ماه، در كلونى هاى 
يك مركز توليد حيوانات آزمايشگاهى شامل رت ها، موش، همسترها، خوكچه هاى هندى و خرگوش ها انجام گرفت. ٦٦ نمونه از كلونى-
اندام هاى درگير  از  نمونه بردارى  تهيه گرديد.  آسيب شناسى  بررسى  و   (PCR) مولكولى  براى كشت، تشخيص  پرورشى  هاى مختلف 
به سمت گوش  و چرخاندن  بالينى شامل كج بودن سر  مي دادند، صورت گرفت. علائم  نشان  را  بالينى  مواردى كه حيوانات علائم  در 
شد.  مشاهده  بالغ  رت  سر   ٤ در  ريه ها  شدن  قلوه سنگى  و  در چشم ها  رنگ  قرمز  ترشحات  بدن،  پوشش  ژوليده شدن  ديده،  آسيب 
مشاهده  بودند،  پولمونيس  مايكوپلاسما  به  آلودگى  نشان دهنده  كه    DNA مثبت  باندهاى    ،  (%  ٥٠) نمونه    ٣٣ در   ،PCR روش در 
رت- ريه  بافت  شناسى  آسيب  بررسي هاى  در  بود.  مثبت  كشت  نتايج  نمونه ها)  كل  از   %  ١٨) رت ها  كلوني هاى  از  نمونه   ١٢ در  گرديد. 
آن جريان  در  كه  است  بوده  متعارفى  نوع  از  پرورش،  آنجاكه سيستم  از  گرديد.  مشاهده  برونشكتازى  و  آتلكتازى  مانند  تغييراتى  ها، 
از  عفونت  گسترش  ندارد،  وجود  كننده  محافظت   موانع  نيز  و  مي شود  تأمين  معمولى  مطبوع  تهويه  دستگاه  يك  توسط  ورودى  هواى 
به  حيوانات  اين  حساسيت  عدم  دليل  به  وجود،  اين  با  است.  گرفته  صورت  سادگى  به  آزمايشگاهى،  حيوانات  ساير  به  آلوده  رت هاى 
عفونت هاى  براى  مستعدكننده  يا  استرس زا  شرايط  وجود  عدم  نشان دهنده  كه  نشد  شناسايى  مثبتى  نمونه  هيچ  ميكروارگانيسم،  اين 
مى  گردد. توصيه  مختلف  عفونى  عوامل  براى  دوره اى  و  منظم  ميكروبى  پايش  لذا  مي باشد.  پولمونيس  مايكوپلاسما  مانند  فرصت طلب 

* نويسنده مسئول: روزبه فلاحى
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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 fi ndings in basic sciences, as well as applied veterinary 

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

3.  e 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.  ere is no cost to the reader or author. All costs are covered by 
the Ferdowsi University of Mashhad Press.
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tained and its original authors, citation details, and publisher are identifi ed.
 e Creative Commons Attribution License 4.0 formalizes these and other terms and conditions of 
publishing articles.  e Copyright assignment form can be downloaded from the IJVST website.
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PREPARATION OF MANUSCRIPT

Manuscrits submitted to IJVST should neither be published previously nor be under consideration 
for publication in another journal.  e 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 fi gures 
should be appended as individual fi les.

    Review Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduction, 
appropriate sections dependeing to the subject, Conclusions and future directions. Tables and fi gures 
should be appended as individual fi les.  e review article should provide an update on recent advanc-
es in a particular fi eld. 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 fi gures. Tables and 
fi gures should be appended as individual fi les.

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

Submission Process

    Manuscripts for IJVST should be submitted online at https://ijvst.um.ac.ir/ .

     e submitting author, who is generally the corresponding author, is responsible for the manuscript 
during the submission and peer-review process.  e 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-
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.  e editors will not necessarily approach these 
referees. Please provide detailed contact information (address, homepage, phone, e-mail address). 
 e 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 diff erent institutions to the authors. You may identify appropriate Editorial Board members 
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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 qualifi cations 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 ĕ le format

Authors are encouraged to use the Microso  Word template  to prepare their manuscript. Using the 
template fi le will substantially shorten the time to complete copy-editing and publication of accepted 
manuscripts.  e total amount of data for all fi les must not exceed 120 MB. If this is a problem, please 
contact the Editorial Offi  ce ijvst@um.ac.ir. Accepted fi le formats are:

    Microso  Word: Manuscripts prepared in Microso  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 fi le for Title page (https://ijvst.um.ac.ir/page_3.html).
    Template MS Word fi le for Original articles (https://ijvst.um.ac.ir/page_3.html).
    Template MS Word fi le for Short Communication (https://ijvst.um.ac.ir/page_3.html).
    Template MS Word fi le for Case Report (https://ijvst.um.ac.ir/page_3.html).
    Template MS Word fi le for Tables (https://ijvst.um.ac.ir/page_3.html).
    Template MS Word fi le for Persian Abstract (https://ijvst.um.ac.ir/page_3.html).

    Tables: Please submit tables as individual fi les 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 
clearly arranged. Tables should provide easier understanding and not duplicate information already 
included in the text or fi gures. Each table should be typewritten with double spacing on a separate 
fi le 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 fi les (format: TIFF, Dimensions: Width: 789 – 2250 
pixels at 300 dpi Height maximum: 2625 pixels at 300 dpi, Resolution: 300 – 600 dpi, fi le size: less than 
10 MB, Text within fi gures: Arial or Symbol font only in 8-12 point).  e text and other labels should 
be placed in the fi gure as un-compressed layers. Each fi gure should have a title which is followed by 
explanation of results shown in the fi gure. Figures should be numbered in order of citation in the text 
with Arabic numerals. If a published fi gure is used, the publisher’s permission needs to be presented 
to the offi  ce, and the fi gure should be referenced in its legend.
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    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.  e bar diagrams should be pro-
vided in color and in a well-designed and professional format. Please do not use diff erent shades of 
gray.  e axes of diagrams should have titles and units. Also, the source fi le 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.  e editors and publisher reserve the right to reject illustrations or fi gures 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 affi  liation, 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 Confl ict of interest.

    Acknowledgements: Personal acknowledgement, sources of fi nancial 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.  e 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.”
    Confl ict of interest:  All authors must disclose any fi nancial and personal relationships with other 
people or organizations that could inappropriately infl uence (bias) their work. Examples of poten-
tial confl icts of interest include employment, consultancies, stock ownership, honoraria, paid expert 
testimony, patent applications/registrations, and grants or other funding. If there are no confl icts of 
interest then please state ‘ e authors declare that there is no confl ict of interest’.  is 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, fi ndings and the conclusion made on the basis of the fi ndings. 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: Defi ne abbreviations that are not standard in this fi eld in a list to be placed on the tit-
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tle page. Such abbreviations that are unavoidable in the abstract must be defi ned at their fi rst 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 fi ndings 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 suffi  cient details to allow 
other researchers to reproduce the results. Specify any statistical computer programs used . e 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, so wares 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:  e 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 
an example:

    Mouse beta actin gene: Actb

    Bovine beta actin gene: ACTB

    Chicken beta actin gene: actb

    Beta actin protein: ACTB

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

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

    Protocol for DNA/RNA extraction, including quantifi cation 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 specifi city sis con-
fi rmed.

    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 so ware.

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 
diagnosed 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 moni-
tor 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 J, Forton J,  ompson 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 J, 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 J, editors. Oxford handbook of clinical surgery. Oxford: Oxford 
University Press; 2013.
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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.  e 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.

- e 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.  e “Confl ict of interest declaration 
and author agreement form” must be signed and completed by all authors.  is statement and sig-

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 im-
prove 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 scien-
tifi c names (using the binomial nomenclature), should be typed in italics, while the fi rst 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 con-
ditions of the Creative Commons Attribution License (CC BY).  e copyright is retained by the au-
thor(s).  e publisher will insert the following note at the end of the published text:

©2025  e author(s).  is is an open access article distributed under the terms of the Creative Com-
mons Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in 
any medium, as long as the original authors and source are cited. No permission is required from the 
authors or the publishers.
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natures certifi es that all authors have seen and approved the manuscript being submitted. Also, the 
authors by signing this form warrant that the article is the Authors’ original work, that the article has 
not received prior publication and is not under consideration for publication elsewhere, and that the 
corresponding author shall bear full responsibility for the submission.
    Before submission, all authors are required to review the Article Submission Checklist.

- Authors should disclose any confl icts of interest that might be perceived as infl uencing the results 
or their interpretation in the manuscript at the earliest stage possible.  is can be done by uploading 
the Confl icts of Interest Form along with the manuscript submission.

- e 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 so ware 
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.  is 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).   e experiments that are carried outside the university should have a written and 
signed informed consent form related to ethic protocols of university or institute that they are carried.

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

- Authors are requested to clearly identify who fi nancially supported the research and/or prepara-
tion of the manuscript and briefl y 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 offi  ce, 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 signifi cant 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 So ware. 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 
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when they are authors or have contributed to a manuscript.
- e artifi cial intelligence (AI) tools such as ChatGPT or Large Language Models cannot meet the 

requirements for authorship. Authors who use AI tools in the writing of a manuscript, production of 
images or graphical elements of the paper, or in the collection and analysis of data, must be transparent 
in disclosing in the Materials and Methods (or similar section) of the paper how the AI tool was used 
and which tool was used. Authors are fully responsible for the content of their manuscript, even those 
parts produced by an AI tool, and are thus liable for any breach of publication ethics( Authorship and 
AI 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 confi dentiality of the manuscripts they are invited to re-

view.
-Reviewers are expected to disclose any confl icts of interest they have with the authors, companies, 

or institutions associated with the manuscripts they are invited to review. If a confl ict of interest exists, 
reviewers should immediately notify the Editor-in-Chief, decline the invitation to review, and suggest 
alternative reviewers.

-  If reviewers feel unqualifi ed 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 confi dentiality 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.  is also applies to invited reviewers who decline the re-
view invitation.

   - Reviewers are obligated to treat the manuscripts they receive for peer review as confi dential 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 signifi cant similarity or 
overlap between the manuscript under consideration and any other publications of which they are 
personally aware.

  e process has been explained in the section “Peer Review Process”. 
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Ethical guidelines for Editor
- e 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.

- e Editor-in-Chief is responsible for deciding whether to accept or reject submitted manuscripts 
for the journal.  is decision takes into consideration several factors, such as the judgment of the 
editorial board members, the validation of the work in question, its signifi cance 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. 
 e Editor-in-Chief works closely with other editors and reviewers to ensure that all submissions are 
fairly evaluated.

- e editors ought to uphold the anonymity of both reviewers and authors.
- e editors should disclose any potential confl icts of interest and make eff orts to avoid them. If 

such circumstances arise, they are expected to delegate the handling of the manuscript to another 
member of the editorial board.

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

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

- e 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 affi  liation. Decisions about editing and publishing are made 
solely based on the quality and relevance of the manuscript and are not infl uenced by external policies 
of governments or other agencies beyond the scope of this journal.

- e 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 aff ected by any 
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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, clarifi cations and retractions involving its publications 
as and when needed.

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

Violation of Publication Ethics

 e 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 
so ware (e.g. i enticate).  us, 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 o en 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 falsifi cation means the researcher did 
the experiment, but manipulated, changed, or omitted data or results from the research fi ndings.

Citation Manipulation: 
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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.  is leads to mis-
representing the importance of the specifi c work and journal in which it appears and is thus a form of 
scientifi c misconduct.

Improper Author Contribution or Attribution: 
All listed authors must have made a signifi cant scientifi c contribution to the research in the man-

uscript and approved all its claims. Do not forget to list everyone who made a signifi cant scientifi c 
contribution, including students and laboratory technicians.

Handling Misconduct Cases
 e 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 fi rst action is to inform the Editor-in-chief by supplying copies of the relevant 
material and a dra  letter to the corresponding author asking for an explanation in a nonjudgmental 
manner.

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

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

Post-Publication Discussions and Corrections
 is journal allows debate post publication on journal’s site, through “Send comment about this 

article” section to the editor up to one month before fi nal publication. Our mechanisms for correcting, 
revising or retracting articles a er 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 Irani-
an Journal of Veterinary Science and Technology. In such cases the Editor-in-Chief will review the 
manuscript, 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 
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fi nal decision maker will be the Editorial board of the journal.

How to Make a Complaint
 e procedure to make a complaint is quite simple.  e complaint can be made by writing an 

e-mail to: ijvst@um.ac.ir. All complaints will be acknowledged within a week. 

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 
 e 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 fi ndings to the scope of the journal and quality of 
the science presented in the paper (suffi  cient originality, having a message that is important to the 
general fi eld 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 scientifi c 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
 e initial screen will be performed by the editorial offi  ce for the structure and format of the manu-
script. 

Peer review (double-blind)
 e manuscripts which are found to be appropriate a er the initial screen will be sent for external 
review by experts in the related fi eld. We have prepared a checklist for reviewers that summarizes 
their evaluation of the manuscript.  e 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 suffi  ciently explained and is detailed enough to be reproduced. 
5. RESULTS are clearly presented and supported by fi gures 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. 
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12. Comments on the importance of the article. 

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