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I have many thanks to the merciful God for publishing the fi rst issue of the Iranian Journal of Veterinary Sci-
ence and Technology under the new Editor-in-Chief in 2023. For this reason, I will share a few lines with the audience 
of the Journal.

First, I would like to express my gratitude to the scientifi c community of veterinary medicine in and out of Iran, 
who have helped the editors of the journal to provide better service with their scientifi c support. It is also a great op-
portunity for all the management members of the journal to express their gratitude to the previous Editors-in-Chief, 
especially Dr. Hesam Dehghani. During his astonishing seven-year management from 2017 to 2023, the journal 
reached a prestigious position at the international level and got the Scopus index as well as other databases. Moreover, 
IJVST was approved and recognized as the journal of the highest ranking by the Ministry of Science, Research, and 
Technology of Iran in 2020. Th e page layout of articles was improved to the level of international standards, and the 
issues were published on time. Th e publication timeline of the journal was changed from "Semiannual" to "Quarterly" 
and the journal possesses a logo by his attempts.

Now, I have the great honor of being the Editor-in-Chief and accept the challenges and responsibilities of 
developing IJVST. Moreover, it is my great honor to work with an exceptional team of editorial board members who 
generously devote their time and expertise to the journal.

From the very beginning, I considered it necessary to improve the previous achievements of the journal and 
keep pace with the progress of veterinary science around the globe. My goals as the new Editor-in-Chief are recruit-
ing additional editors and adjusting the expertise of the editorial board as the journal grows. We would also like to 
take this opportunity to invite researchers worldwide to submit their enlightening research output as research papers 
and reviews to this journal. We wish to improve the quality of the published papers, acquire the WOS index and other 
reliable scientifi c databases, and maintain the speed of review and publication, which has been suitable, except for the 
recent issue which had a delay due to the changes in management.

I will welcome and value greatly your suggestions and ideas for making the journal highly impactful. Together, 
with your support, we can build a journal of excellence to serve the research community.
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Editor-in-Chief
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Morphometric and genetic characterization of Oestrus ovis in 

sheep in diff erent climatic regions of Iran

Oestrosis is nasal myiasis, which results from infestation with the larvae of fl ies that belong to the 
genus Oestrus. Nasal discharge and sneezing are the most common clinical signs in infected ani-
mals. Myiasis larvae were collected from sheep in diff erent climatic regions of Iran. Morphological 
identifi cation of the larvae was made based on the diagnostic keys. Th e species was confi rmed by 
PCR amplifying the partial fragment (610 bp) of the mtCO1 gene. Genetic distance was assessed 
in CO1 sequences, and a phylogenetic tree was drawn. Sequencing showed no diff erence in the 
partial CO1 gene among the Iranian isolates, and this gene had a high similarity with the sequenc-
es of O. ovis isolates from Iraq, Bosnia and Herzegovina, and Croatia. Th e present study provided 
the fi rst molecular dataset for O. ovis species, which is crucial for the phylogenetic relationships 
assessment and the molecular identifi cation of these parasites. 

Oestrus ovis, Sheep, CO1, PCR, Phylogeny, 
Sequence
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CO1: Cytochrome oxidase I
PCR: Polymerase chain reaction
mtCO1: mitochondrial cytochrome oxidase subunit I
MBST: Molecular Biological System Transfer
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Introduction  

Oestrosis is nasal myiasis, resulting from in-
festation with the larvae of fl ies belonging to 

the genus Oestrus (Diptera: Oestridae). It is regarded 
as a severe parasitosis in goats and sheep and some-
times in other animal species [1]. Nasal discharge 
and sneezing are the most common clinical signs in 
animals [2]. Parasitic larvae seriously aff ect the host's 
well-being and cause the loss of milk, meat, and wool 
[3]. Th e sheep bot fl y (Oestrus ovis L.) causes severe 
cavitary myiasis in all areas worldwide where goats 
and sheep are reared [4]. O. ovis can be diagnosed 
by the morphological characterization of the larvae 
(e.g., the slits of the posterior spiracles located on the 
posterior spiracular plates), clinical presentation, and 
infrequent adult fl y identifi cation [5]. A few years 
ago, molecular techniques were extensively used to 
achieve insights into the systematics and taxonomy 
of various insects. Particularly, hypervariable regions 
within ribosomal and mitochondrial DNA are robust 
genetic markers to tackle taxonomic diagnostic issues 
for some fl ies that cause myiasis and belong to the 
Oestridae family [6,8]. Th e mtCO1 gene was chosen 
to characterize the Oestridae larval relationships. It 
has previously been revealed to be necessary for vari-
ous molecular phylogenetic targets due to its compar-
atively enormous size and the inclusion of both highly 
conserved and variable regions with diff erent muta-
tional rates [9]. Th e CO1 658 bp region is a standard 
and broadly considered animal taxa universal mark-
er [10]. Over the past decade, the barcoding of DNA 
has provided an eff ective instrument for phylogenetic 
characterization using CO1 sequences and molecular 
identifi cation of various insect species comprising the 
Oestridae family [11,14]. Th erefore, the current study 
aimed to utilize PCR and partial mtCO1 gene se-
quencing as a diagnostic tool to identify and demon-
strate the phylogenies of larvae in diff erent climatic 
regions of Iran. Th e molecular detection of O. ovis is 
substantial to address its epidemiology and control.

Results  
Morphological identifi cation

Th e identifi cation of the mature larvae of O. ovis 
was based on morphological characteristics. Th e 
third instar larva is up to 20 mm long, yellowish‐
white, and tapering anteriorly. Every fragment has 
an obscure lateral band on the dorsal side. Th ey have 
a big black oral hook linked to the internal cephalo-
pharyngeal skeleton. Th e ventral surface is lined with 
small spines. Th e results corresponded with what is 
mentioned in the identifi cation key [15].

PCR amplifi cation and sequencing of mtCOI 
gene

Figure 1 shows that the isolates in this study had a 
similar sequence alignment and they all are placed in 
the same consensus modifi cation group. Th e 610 bp 
fragment of mtCO1 from all isolates was successful-
ly amplifi ed (Figure 1). Th e 610 bp CO1 region cov-
ered by the consensus sequences from all reads was 
eff ectively acquired with high-quality chromatogram 
scores. Th e sequence of the amplifi ed fragments re-
vealed a genome arrangement typical of the O. ovis 
sequence in GenBank. Phylogenetic tree elucidated 
phylogenetic relationships between other members 
of the family Oestridae published in GenBank and 
O. ovis larvae amplicons as shown in Figure 3. Th e 
mean reported interspecifi c similarity value of CO1s 
in the Oestrinae subfamily was 86.7% [16]. However, 
the sequence indicated a 99% identity using the CO1 
sequences of O. ovis available at GenBank and < 91% 
identity using the CO1 sequences of other Oestrus 
species (Oestrus sp.) [17]. Furthermore, this sequence 
identity using the CO1 sequences of other Oestrid 
species was < 90%. Th ese fi ndings established that the 
examined larvae belonged to O. ovis.

Sequencing results of Iranian O. ovis isolates 
from six sheep sinuses in this study showed no dif-
ference in partial CO1 genes among six Iranian iso-
lates, and they had identical gene sequences (Figure 
3). Th e CO1 gene sequences from the other mito-
chondrial genomes available in GenBank were cho-
sen and aligned. Th e obtained sequences in this study 
(MZ972997 - MZ973002) were compared with Gen-
Bank sequences.

Figure 2 demonstrates the comparison of the iso-
lated sequences in this study with sequences in the 
gene bank, which shows the diff erences and simi-
larities in the alignment process. Based on multiple 
nucleotide sequence alignments (Figure 2) and se-
quence identity matrix algorithms, the percent iden-
tities among O. ovis isolates in this study were 100% 
with O. ovis from Iraq (MW555828), Bosnia and 
Herzegovina (MG755264), and Croatia (MN845130), 
and 99% with O. ovis from Iran (KX268655), Spain 
(MW145179), and Brazil (KR820703). Th e nucleo-
tide diff erences with other isolates are exhibited in 
Figure 3. As a result, a phylogenetic tree was inferred 
with CO1 gene sequences from this study and previ-
ously published correlated species of mitochondrial 
sequences. Th e phylogenetic reconstruction showed 
two main branches (A and B) and a sub-branch (A1) 
that contained our isolate (MZ972997 - MZ973002) 
and homolog sequences with high similarity from 
Iraq, Bosnia and Herzegovina, and Croatia (Figure 3). 

About 100% similarity of Iranian sheep isolates 
with isolates from Iraq, Bosnia and Herzegovina, and 
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Figure 1. 
Nucleotide alignment of the Oestrus ovis partial COI sequences of Iranian isolates

Croatia, shows a very close relationship, and homolo-
gy between the nucleotide sequences of O. ovis isolates 
from sheep sinuses mtCO1 gene in these geographical 
areas. Figure 4 shows the alignment process between 
the isolates of this study and the isolates of the same 
genus and species identifi ed from the GenBank.

Th is study analyzed the genetic diversity of O. ovis 
based on mtCO1 gene nucleotide sequences isolated 
from the sinuses of Iranian sheep. Th e mtDNA pro-
vides more accurate identifi cations of the species to 
which larvae belong, and even closely related species 
can have diff erent developmental characteristics [18, 
19]. Phylogenetic analysis demonstrated that none 
of the sheep sequences obtained in this study had in-
traspecifi c variations and high similarity with the se-
quences of O. ovis isolates from sheep mtCO1 gene 

Discussion  

from Iraq, Bosnia and Herzegovina, Croatia, Brazil, 
and Spain (Figure 3).

Th e results of the nucleotide alignment of 
MZ972997 - MZ973002 with other sequences re-
vealed that variation in the A chain of the phyloge-
netic tree between O. ovis sequences was in position 
258 (T > C) for KR820703, MW145179, KX268655, 
and MT124626, 372 (G > A) for MT124626, 435 (T 
> A) for MW555828, 456 (C > A) for MT124626, and 
459 (T > C) for MW145179, MN845130, MG755264, 
and MT124626 (Figure 4). Th e genes encoding pro-
teins in the mtDNA are more diverse than the ribo-
somal genes [20]. Based on molecular alignment and 
phylogenetic tree analysis in this study, the close rela-
tionship of Iranian isolates with Iraq, Bosnia and Her-
zegovina, and Croatia from the same hosts was may-
be correlated with the same geographical conditions 
and the high rate of trade between countries [21, 22]. 
Furthermore, the results of this study showed that all 
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Figure 2. 
Nucleotide alignment of the Oestrus ovis partial CO1 sequences of Iranian isolates and GenBank
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Figure 3.
Neighbor-Joining phylogenetic 
tree of Oestrus ovis partial CO1 
sequences

O. ovis obtained in this research and from GenBank 
were grouped into a monophyletic group according to 
the results of the previous work [23, 25]. Molecular 
studies are being used to investigate taxonomy and 
perform substantial status for identifying Oestridae 
larvae that lead to obligate myiasis [26].

Th e physical traits of the larvae and morpholog-
ical identifi cation are unreliable [27]. Th erefore, the 
molecular identifi cation of myiasis-causing fl y species 
may be considered a credible substitutional to mor-
phological identifi cation as it is challenging to recog-
nize larvae to the genus level [27, 29]. In this study, 
the high similarity between the isolates from Iran and 
other countries isolated from the same host and inter-
estingly between other species from other hosts were 
observed. Th e results revealed that the genetic vari-
ability of O. ovis isolated from diff erent geographical 
areas of Iran was not clear based on a 610 bp fragment 
of the mtCO1 gene. Although a low rate of intraspe-
cifi c variation existed in O. ovis, especially in diff er-
ent hosts, more O. ovis isolates should be collected for 
further investigations, and complete gene sequences 
from isolates would be required. Th e diff erences be-
tween O. ovis isolates may result from variations in the 
animal breed, geographical area, and climate [22, 24, 
25, 31, 32].

Bosly, in 2018, reported a molecular identifi ca-
tion of O. ovis larvae, which was recognized as a re-
liable replacement for morphological identifi cation 
[25]. Th is research gives the initial molecular depic-
tion data on O. ovis larvae in sheep in Iran using the 
barcode CO1 sequences. Our results showed a close 
association between O. ovis from diff erent countries, 
even though limited sequences were included in the 
dataset. Th e barcode CO1 sequence successfully anal-
yses the species of the subfamilies in Oestriade, and 
this result shows the usefulness of the CO1 as a suit-
able diagnostic molecular marker for identifying and 
characterizing bot fl y species.

Materials & Methods  

Collection and identifi cation of larvae 
O. ovis larvae were collected from the sinuses of infected 

sheep in the slaughterhouse of three climatic regions of Iran, in-
cluding the coastal areas of the Caspian Sea, mountain plateau ar-
eas, and fl at plains around the Persian Gulf. Two provinces were 
selected from each region, and ten samples were collected from 
each of these provinces. Collected larvae were conserved in 70% 
C2H5OH for morphometric identifi cation and molecular survey. 
Th e larvae were identifi ed based on their morphological traits and 
the three slits at the posterior larvae’s spiracle (Figure 5) [15, 33].
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Figure 4. 
Nucleotide alignment of the Oestrus ovis partial CO1 sequences of Iranian isolates and Oestrus ovis partial CO1 of GenBank

Morphological identifi cation and microscopic 
examination

Th e mature larvae of O. ovis were identifi ed based on the mor-
phological characteristics of the larval stages (Figure 6). Th e third 
instar larva is 20 mm long and yellow when young, changing to 
light brown later, and in the maturing stage fi nally, bands are appear 
on the dorsal of the third-stage larva.It shows wide transverse black-
ish bands dorsally. Th e second segment has a variable number of 

small teeth on the dorsal side with the rest of the segments being 
bare. Ventrally, the segments bear rows of strong spines (Figures 
6A and B). Th e fi ndings corresponded with what was mentioned 
in the identifi cation key [15].

DNA extraction
DNA was extracted from larvae using a DNA isolation kit 

(MBST, Tehran, Iran) according to the manufacturer's instruc-
tions.
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Figure 5. 
Posterior spiracles of Oestrus ovis 

Figure 6. 
Mature third instar larva of the sheep bot fl y Oestrus ovis; A: Dorsal and B: Ventral view

A B
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PCR procedures and sequencing
Extracted DNA from each sample was 

used for amplifying a 610 bp fragment of 
the mtCOI gene barcoding region using the 
FFCOI forward (5'-GGAGCATTAATYG-
GRGAYG-3') (34) and R-HCO reverse 
(5'- TAAACTTCAGGGTGACCAAAAAT-
CA-3') primers (35). Th e PCR reaction was 
a total of 25 μl containing 1 μl of DNA tem-
plate, 0.25 mM dNTPs, 1x enzyme buff er, 
0.25 mM MgCl2, 2.5 μM primers (FFCOI / 
R-HCO), and 0.5 U of Taq DNA polymerase. 
Th e PCR conditions were 40 cycles of initial 
denaturation at 94°C for 30 sec, followed by 
denaturation at 94°C for 30 sec, annealing at 
52°C for 30 sec, and extension at 72°C for 
30 sec. At the fi nal extension step, the reac-

Authors' Contributions  
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the study and writing of manuscript. S.R. sampling 
and laboratory examination. All authors reviewed the 
manuscript.
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Distribution of antimicrobial resistance and some widespread 

extended-spectrum beta-lactamase genes in diff erent phy-

logroups of Shiga toxin-producing Escherichia coli (STEC) isolates 

of ruminant origin

Limited data is available on the prevalence of ESBL genes in the STEC isolates of ruminant origin. Th is study 
investigated the molecular prevalence of ESBL-encoding genes (blaCTX-M, blaTEM, blaSHV and blaOXA) and AMR 
of 58 STEC isolates recovered from cattle (n = 32), sheep and goats (n = 26). In the current study, ESBL genes 
were identifi ed by the molecular technique. Moreover phenotypic AMR was tested by disc diff usion method 
against six antibiotics , namely amoxicillin-clavulanic acid, tetracycline, neomycin, fl orfenicol, enrofl ox-
acin, and sulfamethoxazole-trimethoprim. Phylogenetic groups were also determined by a PCR scheme. 
Isolates were categorized into fi ve phylogroups of (A, B1, C, D, and E), with B1 being the most prevalent 
phylogenetic group (43; 74.1%). Statistical analysis revealed a signifi cant association between phylogroup 
D and small ruminants (sheep and goats, p = 0.014). Moreover, the highest rates of antimicrobial resistance 
were related to tetracycline (25.9%) and neomycin (22.4%). Isolates resistant to tetracycline (p = 0.001), 
trimethoprim-sulfamethoxazole (p = 0.013) and neomycin (p = 0.00) were signifi cantly prevalent among 
strains recovered from cattle. In addition, the majority of multidrug-resistant strains also had a signifi cant 
distribution among cattle isolates (p = 0.001). In the current study, the prevalence of ESBL positive STEC 
was 12.06% (7/58). Genes blaCTX-M and blaTEM were detected separately and in combination in bovine iso-
lates. However, only one STEC strain of small ruminants harbored blaTEM. In conclusion, it seems that cattle 
isolates are notable sources of diff erent AMR traits which could be a threat to veterinary sections, public 
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Introduction  

Human disease caused by STEC range 
from mild diarrhea to HC and potential-

ly life-threatening HUS [1]. Th e STEC was the third 
most prevalent foodborne pathogens in the Europe-
an Union which increased during the last decade [2]. 
Ruminants, particularly cattle, have been identifi ed as 
the most major STEC reservoir. Furthermore, sheep 
and goats also play a key role in the spread of STECs 
into the food chain [3]. Th e STEC has also been iso-
lated from wild animals, and has been reported as a 
safety risk in the production of fresh fruits and vege-
tables [4].

Antimicrobial misuse in animal production sys-
tems has sent a warning signal to the world's public 
health. Th is event resulted in the evolution of antibi-
otic-resistant strains, and it was with estimated that 
AMR caused disease mortality to rise from 700,000 
in 2014 to 10 million by 2050 [5]. Th e AMR is regard-
ed as a severe problem in healthcare settings because 
its mobile genetic elements can alter antibiotic resis-
tance patterns in pathogenic and commensal E. coli, 
as well as the intestinal microbiota of animals and hu-
mans [6]. In contrast, little is known about AMR in 
STEC, particularly when it comes to broad-spectrum 
beta-lactamases, such as ESBLs from the blaCTX-M, 
blaTEM, blaOXA, and blaSHV families of ESBL variations 
[7]. Another issue with resistant-STEC is the spread 
of these ESBL-coding genes across other Enterobac-
terales, endowing them with antibiotic resistance [8]. 
Although the use of antibiotics to treat STEC infec-
tions is still controversial, antibiotics given early in 
the course of the infection may help to avoid HUS 
according to some studies [9]. In this scenario, the 
frequency of resistant-STEC strains is  concern since 
disease progression continues unabated. Th e STEC 
has a high level of genomic plasticity, with mobile 
genetic components including plasmids, bacterio-
phages, and genomic islands playing a key role in the 
transmission of genes, particularly those involved in 

plex PCR, which can classify E. coli isolates into eight 
phylogenetic groups, is the most practical approach 
for identifying phylogroups A, B1, C, E, D, F, B2, and 
E. Clades. E. coli strains are not randomly dispersed 
among bacterial populations. Th erefore, phylotyping 
is a useful tool in diff erent genotyping studies. Patho-
genicity, niche, and resistance features of the members 
of the same group tend to be similar [12]. In the pres-
ent study, we evaluated the STEC isolates of ruminant 
origin (sheep, goats, and cattle) to build a clear pic-
ture of status of AMR, and some important resistance 
genes in 58 STEC isolates recovered in recent years. 
Results would help combat AMR in both veterinary 
and public health sections.

Results  
Phylogenetic groups

We classifi ed 58 STEC isolates into fi ve phy-
logroups (A, B1, C, D, and E) according to  Clermont’s 
phylogrouping method. Members of groups A, B1, and 
C were identifi ed among all the sources, while group 
D was only related to sheep and goats (5/26) and E 
was only detected in cattle (1/32). Moreover, group 
B1 was the most prevalent phylogenetic group in all 
sources (sheep and goats: 17/27, 29.3%; cattle: 26/32, 
44.8%) and overall (43/58; 74.1%). Statistical analysis 
revealed a signifi cant association between phylogroup 
D and small ruminants (p = 0.014). No other notable 
relations were observed. Th e results are represented in 
details in table 1.

Antibiotic resistance
Phenotypic resistance:
A total of 58 isolates were investigated for pheno-

typic resistance to six diff erent antibiotics, including: 
tetracycline (TET), trimethoprim-sulfamethoxazole 
(SXT), amoxicillin-clavulanic acid (AMC), neomycin 
(NEO), fl orfenicol (FLO) and enrofl oxacin (ENFX), 
by disk diff usion method. Th e highest rates of antimi-

Table 1.
Distribution of STEC isolates in fi ve phylogenetic groups.

Phylogenetic groups
Source (n)

EDCB1A

1 (1.7%)01 (1.7%)26 (44.8%)4 (6.9%)Cattle (32)

05 (8.6%)2 (3.4%)17 (29.3%)2 (3.4%)Sheep / Goats (26)

1 (1.7%)5 (8.6%)3 (5.2%)43 (74.1%)6 (10.3%)Total (58)

1.0000.014*0.5820.2310.681p-value
a. *signifi cant diff erence (p < 0.05).

virulence [10]. 
Th e role of genetic back-

ground in antibiotic resistance 
has also been widely investi-
gated in E. coli, but to the best 
of our knowledge has not been 
studied in ESBL genes among 
STEC. Based on some previous 
research, certain members of 
phylogenetic groups A and D 
are prone to acquire resistance 
against third-generation ceph-
alosporins, while B2 strains are 
more vulnerable [11]. A multi-
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crobial resistance were related to tetracycline (25.9%) 
and neomycin (22.4%). Moreover, resistant isolates to 
tetracycline (p = 0.001), trimethoprim-sulfamethox-
azole (p = 0.013), and neomycin (p = 0) were signifi -
cantly prevalent among strains recovered from cattle. 
In addition, the majority of MDR strains also had a 
signifi cant distribution among cattle isolates (p = 
0.001). Table 2, represents the results in details.

ESBL/β-Lactamase genes:
Isolates were screened for four widespread ESBL/ 

β-Lactamase genes, namely blaCTX-M, blaTEM, blaSHV, 
and blaOXA gene families. Th e genes blaSHV and blaOXA 
were absent among the STEC isolates. Moreover, only 
seven isolates (12.06%) possessed ESBL genes. Among 
them, one isolate harbored blaCTX-M and blaTEM simul-
taneously, while the remaining six strains carried only 
one gene. Furthermore, the gene blaCTX-M was only 
present in cattle isolates. Figure 1 and table 2, repre-
sent the results in details.

Correlations:
Correlations between AMR, ESBL genes, and 

MDR were measured and presented in details in table 

Table 2.
Frequency of phenotypic antimicrobial resistance and ESBL genes of STEC isolates (n, %). 

ESBL genes
MDR

Antibiotics
Source (n)

blaTEMblaCTX-MENFXFLONEOAMCSXTTET

2 (3.4%)5 (8.6%)13 (22.4%)03 (5.2%)13 (22.4%)3 (5.2%)7 (12.1%)14 (24.1%)Cattle (32)

1 (1.7%)01 (1.7%)1 (1.7%)003 (5.2%)01 (1.7%)Sheep/Goats (26)

3 (5.2%)5 (8.6%)14 (24.1%)1 (1.7%)3 (5.2%)13 (22.4%)6 (10.3%)7 (12.1%)15 (25.9%)Total (58)

1.0000.0580.001*0.4480.2450.000*1.0000.013*0.001*p-value
a.*signifi cant diff erence (p < 0.05)

3. Notable strong correlations were observed between 
tetracycline and neomycin with each other, and MDR.

Distribution of antibiotic- resistant isolates 
among phylogenetic groups:

Th e majority of the isolates resistant to fi ve an-
tibiotics (all the antibiotics except enrofl oxacin) and 
MDR were observed in group B1 as it was the most 
frequent phylogroup.  Interestingly, all the blaCTX-M + 
and 66.6% of blaTEM + (2/3) strains also belonged to 
the isolates in phylogroup B1. Th e rest of the resis-
tant isolates were scattered among groups A, D and 
E. Group C did not show any phenotypic resistance, 
while  one of the blaTEM + strains was a member of 
group C. Statistical analysis revealed no signifi cant 
diff erence in the distribution of antibiotic resistant 
isolates between phylogenetic groups; except for en-
rofl oxacin, an important quinolone, which was sig-
nifi cantly related to phylogenetic group D. However,  
based on the scarcity of the group D in our study such 
a diff erence cannot be conclusive. Th e results are rep-
resented in details in table 4.

Table 3.
Correlations between AMR, ESBL genes, and MDR

MDRblaTEMblaCTX-MENFXFLONEOAMCSXTTET

0.955*0.2180.239-0.0780.395*0.910*0.1870.627*-TET

0.657*-0.0870.075-0.0490.630*0.689*-0.126-0.000SXT

0.2050.432*0.097-0.045-0.0790.089-0.3470.159AMC

0.953*0.2480.277*-0.0710.435*-0.5070.0000.000NEO

0.414*-0.0550.206-0.031-0.0010.5540.0000.002FLO

-0.075-0.031-0.041-0.8180.5950.7370.7150.559ENFX

0.2570.206-0.7620.1210.0350.4670.5770.070blaCTX-M

0.232-0.1210.8180.6840.0610.0010.5180.101blaTEM

-0.0800.0510.5770.0010.0000.1220.0000.000MDR
a.Th e table simultaneously represents p-values (numbers on the left  side of the table diameter) and Spearman’s correlation coeffi  cients (numbers on the 
right side of the table diameter); Colored cells: strong correlations (rho > 0.8); *: Correlation is signifi cant (p < 0.05)

p-value

rho
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Discussion  
Today, it is well established that livestock is an 

important reservoir of pathogenic E. coli with public 
health signifi cance [13]. Th e presence of STEC strains 
which are responsible for a wide range of clinical 
manifestations from mild diarrhea to HC and HUS in 
humans, has been shown in food-producing animals, 
especially cattle [14,15]. Emerging AMR in the STEC 
strains of animal and food sources is a public health 
threat, as the possibility of resistant genes acquisition 
by other bacteria is increased [16]. Among diff erent 
AMR, ESBL has gained a lot of attention during the 
last decade and ESBL-producing E. coli strains have 
been isolated from livestock as well [17,18]. However, 
there is a lack of knowledge on the occurrence of ESBL 
among STEC strains in cattle, sheep and goats as they 
are one of the main suppliers of milk and meat in most 
parts of the world. From this perspective, the current 
study has been conducted to evaluate the prevalence 

of ESBL-encoding genes among the STEC isolates of 
ruminant origin.

In the present study, the prevalence of ESBL posi-
tive STEC was 12.06% (7/58) which is higher than the 
reports of  Ewers et al., (2/149; 1.34%) and Elmonir 
et al., (7/100; 7%) [19, 20]. In fact, there is a lack of 
literature relevant to ESBL in STEC for comparison, 
as most studies on ESBL-producing E. coli have been 
performed in the non-STEC isolates of ruminants. 
Furthermore, bovine is the main subject in such stud-
ies, whereas ovine and caprine are mostly neglected. 
In other words, although livestock is known as STEC 
reservoirs, only a few studies have addressed the ES-
BL-producing STEC in cattle, sheep, and goats [21–
25]. Moreover, some of the mentioned studies have 
focused on food hygiene aspects [21,24,26], while at-
tention to gut-isolated pathogens is also valuable, be-
cause the intestinal tract is a ‘melting pot’ and one of 
the suitable milieu for gene exchange among bacterial 

Table 4.
Distribution of phenotypic antimicrobial resistance and ESBL genes in STEC belonging to diff erent phylogroups (n, %) 

ESBL genes
MDR

Antibiotics
Phylogroups (n)

blaTEMblaCTX-MENFXFLONEOAMCSXTTET

001 (16.7%)001 (16.7%)1 (16.7%)02 (33.3%)A (6)

2 (4.7%)5 (11.6%)12 (27.9%)03 (7%)11 (25.6%)5 (11.6%)7 (16.3%)12 (27.9%)B1 (43)

1 (33.3%)00000000C (3)

0001 (20%)00000D (5)

001 (100%)001 (100%)001 (100%)E (1)

351413136715Total

0.2370.7530.1840.029*0.8940.1890.8490.5960.205p-value
a.*signifi cant diff erence (p < 0.05)

Figure 1. 
AMR patterns for 22 resistant STEC isolates. Black = having resistance genes/not susceptible; White = no gene/susceptible; Gray = 
MDR; * = ESBL +
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species [27].
To date, several types and subtypes of ESBL-en-

coding genes have been detected in meat, milk and 
stool samples of ruminants. For example, ESBL genes 
such as blaCMY [24,28], blaTEM [18,23,24,26,29], blaSHV 
[18,23,24,26], and ampC [22,24] have been reported 
in cattle as well as sheep and goats samples, while bla-
OXA has been only reported from bovine E. coli strains 
[18]. Moreover, combination of blaCTX-M + blaTEM  
seems to be more common in E. coli with animal ori-
gin [24,30]. It seems that blaCTX-M is the most prevalent 
ESBL-encoding gene in both bovine and small rumi-
nant E. coli strains [18,21–24,26,28,29]. in the present 
study, blaCTX-M and blaTEM were detected separately 
and in combination in bovine isolates, whereas only 
blaTEM was identifi ed in one strain of STEC of small 
ruminants. Our fi nding are in line with the mentioned 
reports.

In the present study, most of the ESBL-producing 
strains which were recovered from cattle belonged to 
group B1 (6/7; 85.71%). It has been shown that the 
ESBL positive E. coli strains of livestock are mostly re-
lated to phylogenetic groups A and B1 and  a lesser 
extent are related to B2 and D which is similar to our 
results [23, 26, 28, 30, 31]. However, one of our isolates 
(1/7; 14.28%) which was recovered from small rumi-
nants belonged to phylogenetic group C. As shown by 
Atlaw et al., (2021),  the ESBL positive strains of sheep 
and goats could be rarely scattered among non-com-
mensal groups such as C and E [31]. 

Although antibiotic therapy in infections caused 
by STEC is now contraindicated due to the elevated 
risk of HUS in some cases, research on using antibi-
otics that inhibits transcription or translation, such 
as rifamycins (alone or in combination with fl uoro-
quinolones), showed promising results. Th is, may 
lead to changes in the treatment regimen using anti-
biotics in future [32,33]. Currently, the importance of 
the emergence and spread of AMR in STEC is getting 
clear. Th e more resistant traits STEC has, the poorer 
the response to therapeutic strategies will be. One 
of the well-known factors in the emergence of AMR 
in STEC is the extensive use of antibiotics in clinical 
and agricultural environments. Today, the occurrence 
and increase of AMR in the STEC of various popu-
lations (human, livestock, companion animals,and 
the environment) have been documented [34,35]. 
In our research, resistance to tetracycline (25.9%), 
neomycin (22.4%), trimethoprim-sulfamethoxazole 
(12.1%) and amoxicillin-clavulanic acid (10.3%) was 
observed which is in line with other studies that have 
noted resistance to tetracycline, aminoglycosides, sul-
fonamides and β-lactams as the most horizontally ac-
quired AMR in STEC [34,35]. 

Occurrence a positive strong correlation of resis-

Materials & Methods  
E. coli Isolates 

A panel of 58 non-duplicate archived STEC E.coli isolates 
was chosen from the bacterial collection (Ferdowsi University of 
Mashhad, Iran), including 32 isolates from cattle, and 26 isolates 
from sheep and goats. Th ese bacteria were isolated during 2010 
- 2018 in the context of diff erent previous studies and surveyed 
for the presence of stx genes. In brief, the original sampling proce-
dure included collecting fecal samples using sterile cotton swabs 
from the rectum of animals. In cases with a sample transfer time 
of more than 24 h,  Amies (Oxoid, UK) transfer medium was used. 
Th e samples were cultured on MacConkey agar (Merck, Germa-
ny) and a pure isolate from each sample was confi rmed as E. coli 
using standard biochemical tests [38]. All mentioned isolates were 
cryopreserved as stocks at -70 ˚C and recovered on Brain Heart 
Infusion broth (Merck, Germany) with the subsequent additional 
streak on MacConkey agar to confi rm the purity. 

To confi rm the identity of the STEC isolates, a PCR protocol 
proposed by Lin et al., (1993) was applied based on the recogni-
tion of a common sequence of diff erent stx types or subtypes. Each 
PCR reaction was performed in a volume of 20 μl containing: 10 
μl Taq DNA Polymerase Master Mix RED 2x (Amplicon, Den-
mark) containing 1.5 mM MgCl2, 1 μl of each primers (Macrogen, 
Seoul, South Korea), ultrapure water and 300 ng of template DNA. 
Primer characteristics and thermal conditions are shown in Table 
5. Finally, PCR products were analyzed by electrophoresis using 
1.5% (w/v) agarose gel and Green Viewer safe stain (0.01 v/v) [39]. 

DNA Extraction
Th e crude DNA was extracted using a boiling method as de-

scribed before [40]. In brief, a suspension of three colonies from 
an overnight culture (18-20 h) was selected and  prepared in sterile 
tubes containing 300 μl of sterile distilled water. Th e tubes were 
boiled in a boiling water bath for 10 min and aft er cooling on ice 
buckets centrifuged at 800×g for 5 min. Th e supernatant was used 
as a DNA template in the PCR.

Determination of phylogenetic groups 
Phylogenetic groups of the isolates were investigated using 

tance to tetracycline with MDR is one of the notable 
observation in the current study. Th is, can be partial-
ly confi rmed by the results recorded by Bourely et al. 
(2019), which proposed the resistance to tetracycline 
and amoxicillin as an indicator for MDR in E. coli 
recovered from animals [36]. We indicated a strong 
correlation between neomycin resistance and MDR as 
well. However, there is a lack in literature relevant to 
this fi nding to be compared with.

In conclusion, ESBL-encoding STEC strains were 
detected in cattle, sheep, and goats in the present study. 
Moreover, bovine strains showed higher AMR in both 
ESBL positive and ESBL negative STEC isolates which 
could be due to the extensive application of antibiotics 
in the cattle industry for therapeutic and non-thera-
peutic purposes, such as growth promotion [36,37]. 
As antibiotic use can lead to a pressure for the emer-
gence and spread of AMR, it seems that more caution 
should be taken in the veterinary fi eld for antibiotic 
application especially in sections related to cattle. 
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Table 5.
Primers used in the present study (STEC, Phylogenetic groups and ESBL genes)

Ref.Product size 
(bp)

Annealing 
temp (°C)

Sequence 
(5' to 3')

Primer pairPanel

[39]90043
F: GAACGAAATAATTTATATGT

stxSTEC
R: TTTGATTGTTACAGTCAT

Phylogenetic grouping

[12]

288

59

F: ATGGTACCGGACGAACCAAC
chuA

Quadruplex

R: TGCCGCCAGTACCAAAGACA

211
F: CAAACGTGAAGTGTCAGGAG

yjaA
R: AATGCGTTCCTCAACCTGTG

152
F: CACTATTCGTAAGGTCATCC

TspE4.C2
R: AGTTTATCGCTGCGGGTCGC

400
F: AACGCTATTCGCCAGCTTGC

arpA
R: TCTCCCCATACCGTACGCTA

21957
F: GATTCCATCTTGTCAAAATATGCC

arpA
Group E

R:GAAAAGAAAAAGAATTCCCAAGAG

48959
F: AGTTTTATGCCCAGTGCGAG

trpA
Group C

R: TCTGCGCCGGTCACGCCC

ESBL genes

[42]

800

57

F: CATTTCCGTGTCGCCCTTATTC
blaTEM

Triplex

R: CGTTCATCCATAGTTGCCTGAC

713
F: AGCCGCTTGAGCAAATTAAAC 

blaSHV R: ATCCCGCAGATAAATCACCAC   

564
F: GGCACCAGATTCAACTTTCAAG                                   

blaOXA R: GACCCCAAGTTTCCTGTAAGTG

[43]59361
F: ATGTGCAGYACCAGTAARGTKATGGC

blaCTX-M

Uniplex
R:TGGGTRAARTARGTSACCAGAAYCAGCGG

the updated method developed by Clermont et al., (2013). Th e 
method enables an E. coli isolate to be assigned to one of the eight 
phylogroups (A, B1, B2, C, D, E, F, Clade I) and also allows isolates 
that are the members of other cryptic clades (II - V) of Escherichia 
to be identifi ed. However, some isolates which cannot be catego-
rized as mentioned groups, are known as ‘unknown’. Th e method 
consists of a primary quadruplex PCR reaction and additional 
PCR reactions, when necessary [12].

Each PCR reactions was performed in a volume of 20 μl con-
taining: 10 μl Taq DNA Polymerase Master Mix RED 2x (Ampli-
con, Denmark) containing 1.5 mM MgCl2, various concentrations 
of each primers (Macrogen, Seoul, South Korea), ultrapure wa-
ter, and 300 ng of template DNA. Th ermal conditions and primer 
characteristics are shown in Table 5. Finally, PCR products were 
analyzed by electrophoresis using 1.5% (w/v) agarose gel and 
Green Viewer safe stain (0.01 v/v).

Antimicrobial resistance
Phenotypic resistance:
Antimicrobial susceptibility was conducted according to the 

CLSI recommendations using the disc diff usion method [41]. 
Th e antibiotics (Padtan Teb, Tehran, Iran) were chosen from six 
families of widely used antibiotics in humans and/or animals in-
cluding: amoxicillin-clavulanic acid (AMC, 20/10 μg), tetracycline 
(TET, 30 μg), and neomycin (NEO, 30 μg), fl orfenicol (FLO, 30 
μg), enrofl oxacin (ENFX, 5 μg), sulfamethoxazole-trimethoprim 
(SXT, 1.25/23.75 μg). Th e isolates that showed resistance against 

three or more families of antimicrobials were designated as MDR.
ESBL genes:
Molecular detection of ESBL-producing E. coli was carried 

out using using a triplex PCR reaction for blaTEM, blaSHV,and blaOXA 
and a uniplex PCR for blaCTX-M. Each PCR reaction was performed 
in a volume of 20 μl containing: 10 μl Taq DNA Polymerase Mas-
ter Mix RED 2x (Amplicon, Denmark) containing 1.5 mM MgCl2, 
various concentrations of each primers (Macrogen, Seoul, South 
Korea), ultrapure water and 300 ng of template DNA. Primer 
characteristics and thermal conditions are shown in Table 5. Fi-
nally, PCR products were analyzed by electrophoresis using 1.5% 
(w/v) agarose gel and Green Viewer safe stain (0.01 v/v).

Statistical analysis
In addition to the descriptive analysis of the results, possible 

relationships of genetic criteria (phylogenetic groups and ESBL 
genes) with phenotypic AMR were assessed by the chi-squared 
test and Fisher’s exact test. Correlation among AMR, ESBL genes 
and MDR were also measured and represented using Spearman 
rank-order correlation coeffi  cient (rho). For all the analysis, p < 
0.05 was considered signifi cant. Moreover, correlations with rho 
> 0.8 were categorized as “strong correlation”. In the present study, 
the data were analyzed by SPSS version 16.0 (SPSS Inc., Chicago, 
USA).
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Radiographic and histological evaluations of the eff ects of 

meloxicam and fl unixin meglumine on the repair of radial bone 

defects in a rabbit model

Th e current study radiographically and histologically evaluated the eff ects of meloxicam and fl -
unixin meglumine on the repair of radial bone defects in a rabbit model. Ninety New Zealand 
White rabbits (10-12 months, 1.5-2.6 kg) were randomly assigned into three groups. Following 
anesthesia, defects were created on the medial surface of the radius bone of the left  forelimb with 
a diameter and depth of 3 mm. Th e animals were administrated meloxicam, fl unixin meglumine, 
and physiological serum (positive control) subcutaneously each day for 10 days. Hematoxylin and 
Eosin and Goldner’s trichrome stainings, along with radiograph images were prepared to inves-
tigate the eff ects of the administered agents. Th e results did not show callus formation in bone 
defects on days 3 and 7. Defects were fi lled in meloxicam and positive control groups on day 14, 
while they were fi lled on day 21 in the fl unixin meglumine group. On days 14 and 21, the meloxi-
cam group outperformed the fl unixin meglumine group in terms of callus formation, but it was 
higher in the fl unixin meglumine group on day 28. It could be concluded that the administration 
of meloxicam is less eff ective in delaying the bone healing process.
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Introduction  
Bone fractures and segmental bone defects are 

major sources of patient morbidity and costs to the 
healthcare system [1]. Infection, tumor, trauma, sur-
gery, and congenital aetiologies are major causes of 
bone defects [2]. Th e healing of bone defects is the 
main challenge for veterinarians and physical med-
icines [3]. Bone healing is a complex biological and 
biomechanical process and is characterized by three 
partially overlapping phases, namely the infl amma-
tory phase, repair phase, and remodeling phase [4]. 
Infl ammation plays a pivotal role in the bone healing 
process and immune-infl ammatory modulation is a 
major challenge for treatment [5]. Th e NSAIDs, such 
as meloxicam and fl unixin meglumine, are admin-
istrated for the management of pain and infl amma-
tion in humans and animals. Meloxicam is a selective 
blocker of COX-2 that is used for managing rheuma-
toid arthritis, acute exacerbations of osteoarthritis, 
ankylosing spondylitis, skeletomuscular pains, and 
juvenile idiopathic arthritis [6]. It mostly exhibits its 
eff ects via COX-2 rather than COX-1 [7] and prevents 
COX-2 which results in inhibiting the conversion of 
arachidonic acid into pro-infl ammatory prostaglan-
dins [8]. Flunixin meglumine is another NSAID agent 
that is administrated to treat pain and signs of endo-
toxemia via the inhibition of COX isoenzymes [9]. 
It also reduces PGE2 concentrations in tissues [10]. 
Studies have investigated the eff ects of NSAIDs on the 
treatment of fractures and reported that NSAIDs have 
negative eff ects on mesenchymal stem cells due to the 
prevention of cell proliferation[11]. Another study 
showed that the administration of NSAIDs modulated 
the expression of osteogenic and chondrogenic mark-
er genes [12]. Studies have also shown that NSAIDs 
may hinder bone healing and increase the risk of 
other complications [13]. Moreover, it was reported 
that NSAIDs did not change the proliferation and 
diff erentiation of osteoblasts but reduced the activity 
of plasminogen activators, metalloproteinases, and 
cathepsin B [14]. Regarding to the eff ects of NSAIDs 
on the bone healing process, the eff ects of meloxicam 
and fl unixin meglumine on the bone healing process 
have not been still elucidated. 

 Th is study was conducted to compare and evalu-
ate the eff ects of meloxicam and fl unixin meglumine 
on the repair of radial bone defects in a rabbit model 
using H&E and Goldner’s trichrome staining and ra-
diograph images.

Results  

survived until the end of the study. 

Radiographic images
Figure 1 depicts the results of radiographic imag-

es. Our fi ndings did not show signifi cant diff erences 
on days 3 and 7. On the same days, no callus forma-
tion was observed. Th e fi lling of defects started on 
days 14 and 21 in the meloxicam and fl unixin meglu-
mine groups, respectively. Infl ammation was similar 
between all the groups on the same days. Callus for-
mation was signifi cantly higher on day 28 compared 
to days 14 and 21 (p < 0.05). Th e fi ndings indicated 
that the rabbits in the meloxicam group had more calli 
than those in the fl unixin meglumine group on days 
14 and 21. However, the score was signifi cantly high-
er in the fl unixin meglumine group on day 28 than 
in other groups. Furthermore, the scores were higher 
in the meloxicam group than in the fl unixin meglu-
mine group from day 28 until the end of study. Th ere 
were signifi cant diff erences between groups from day 
42. Table 1 illustrates the scores for the bone healing 
process.

Histopathological results 
Figure 2 shows histopathological results in diff er-

ent groups. Th e results of the fi rst day in all groups 
revealed that the defect area was infl amed due to 
blood clot formation and increased growth of blood 
vessels. In the fi rst week, blood clots were still visi-
ble in the defect area in all groups and collagen was 
gradually replacing blood clots.  Blood clot and colla-
gen ratios were 80% and 20% in the saline group, 85% 
and 15% in the fl unixin meglumine group, and 95% 
and 5% in the meloxicam group, respectively. In the 
second week, clots were replaced with collagen and 
fi brotic tissue. Th e ratio of collagen to clot was 70% 
to 30%, 80% to 20%, and 90% to 10% in the positive 
control, fl unixin meglumine, and meloxicam groups, 
respectively. In the third week, the clots were not seen 
in defects in control and meloxicam groups and they 
were also completely replaced with collagen. A small 
amount of clot (10%) was observed in the fl unixin me-
glumine group. In the fourth week, the results showed 
that collagen was slightly replaced with cartilage in 
the control and fl unixin meglumine groups, but no 
cartilage was observed in the meloxicam group. In 
the fi ft h week, the rabbits in the control groups had 
more cartilage. We observed that 30% of the samples 
had only collagen tissue, while collagen and cartilage 
tissue were equally apparent in 40% of the samples as 
the restoration process advanced. In addition, 30% of 
the samples had cartilaginous tissue, which was great-
er than their fi brous tissue. Th e diff erence between 
samples in NASID groups with collagen tissue and 
those who had progressed in their healing was 40%. In 

Age and weight diff erences between the meloxi-
cam, fl unixin meglumine, and positive control groups 
were not found to be statistically signifi cant (p > 0.05). 
All the rabbits underwent anesthesia and surgery and 
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Figure 1. 
Radiograph images in diff erent groups on days 7, 21, 35, 49, and 
63 

the 6th week, fi brotic tissue was completely replaced 
with cartilage tissue in some positive control samples 
(20%). In the NSAID groups, fi brotic tissue was com-
pletely replaced with cartilage tissue in some samples 
(10%) and cartilage tissue was signifi cantly higher in 
the meloxicam group. In the 7th week, defects were 
signifi cantly fi lled with cartilage in more samples in 
the control group and fi brotic tissue was completely 
replaced with cartilage tissue in some samples (10%) 
and cartilage tissue was signifi cantly higher in the 
meloxicam group. Th e results of week 8 indicated that 
blood clots were not observed in the defect area in all 
groups and a signifi cant amount of cartilage had re-
placed the clots. Consequently, there was more prog-
ress in the repair. Th e samples in which the amount 
of cartilaginous tissue was more than fi brous tissue 
were measured to be 20%. In addition to cartilaginous 
tissue, the samples also contained bone tissue, albeit 
in smaller amounts. In the fl unixin meglumine group, 
samples were counted as having 30% more cartilagi-
nous tissue than fi brous tissue. Moreover, in certain 
samples (40% of the subjects), the fi brotic tissue had 
vanished and the defects were cartilaginous. Th ere 
was less bone tissue than cartilage tissue in 30% of 
the cases. Samples from the meloxicam group were 
measured to have 30% more cartilaginous tissue than 
fi brous tissue. In the 8th week's samples, it was not-
ed that the defect area was completely cartilaginous, 
and 30% of the fi brotic tissue had vanished. In this 
eighth week, there were samples that contained bone 
tissue. However, the amount of bone tissue was low 
compared to cartilage tissue. Th ese samples made up 
40% of the total. Th e results of week 9 revealed that 
in 20% of the control group samples, there was more 
cartilaginous tissue than fi brous tissue, while the re-
maining samples had an equal quantity of cartilage 
and bone tissue. We observed that 20% of the samples 
in the fl unixin meglumine group only had cartilage 
tissue, 40% of the samples had less bone tissue than 
cartilage tissue, and the remaining samples showed 
an equal distribution of cartilage and bone tissue. In 
the meloxicam group, bone tissue was found in 50% 
of the subjects in lower amounts than cartilage tissue. 
In addition, bone and cartilage tissue were found in 
similar amounts in the remaining samples.

Table 1.
 Th e scores for the bone healing process

6349423528211470Groups

2.64 ± 0.242.71 ± 0.262.57 ± 0.342.00 ± 0.001.42 ± 0.440.92 ± 0.180.85 ± 0.240.00 ± 0.000.00 ± 0.00Control

1.57 ± 0.341.42 ± 0.261.28 ± 0.261.14 ± 0.241.07 ± 0.180.64 ± 0.370.00 ± 0.000.00 ± 0.000.00 ± 0.00Flunixin M

1.78 ± 0.261.88 ± 0.261.78 ± 0.261.28 ± 0.350.85 ± 0.240.78 ± 0.260.71 ± 0.390.00 ± 0.000.00 ± 0.00Meloxicam

0.0150.0230.0210.02140.0120.02310.001.001.00P-values*
a.* Statistically signifi cant (p < 0.05).
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Figure 2. 
A: Longitudinal section of the radius in rabbits in the third week 
and collagen is observable. Arrows show fi broblasts. B and C: 
Transversal section of the defect in the control group. B: Th ere 
are similar ratios of fi brosis and cartilage tissues in the fi ft h week. 
Yellow and white arrows show cartilage and fi brotic tissues, re-
spectively. C: Cartilage tissue is low and bone tissue is signifi cant-
ly found in the ninth week. Yellow and black arrows show carti-
lage and bone tissues. D-F: Transversal section of defects in the 
fl unixin meglumine group. D: Fibrosis tissue is less and cartilage 
tissue is signifi cantly observed in the seventh week. Yellow and 
white arrows show cartilage and fi brotic tissues, respectively. E & 
F: Cartilage tissue is much and bone tissue is slightly observed in 
the eighth and ninth weeks. Yellow and black arrows show car-
tilage and bone tissues, respectively. G-I: Transversal section of 
the defect in the meloxicam group. G: Fibrosis tissue (collagen) is 
observable in the fourth week. Arrows show fi broblasts. H: Car-
tilage tissue is much and fi brotic tissue is too low in the eighth 
week. I: Th ere is a similar ratio of cartilage and bone in the ninth 
week. Yellow and black arrows show cartilage and bone tissues, 
respectively.   

I
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Th is study aimed to evaluate radiographically and 
histologically the eff ects of meloxicam and fl unixin 
meglumine on the repair of radial bone defects in a 
rabbit model. Results showed that NSAIDs signifi -
cantly reduced the bone healing process compared to 
the control group. In the fi rst week, the radiographic 
results did not show signifi cant diff erences between 
groups (p = 1). On days 14 and 21, there were no sig-
nifi cant diff erences between the meloxicam and the 
control groups. However, the bone healing process 
was signifi cantly higher in the control group com-
pared to other groups, indicating that meloxicam and 
fl unixin meglumine did not cause any delay in the 
bone healing process in the fi rst week compared to the 
control group. On the other hand, the administration 
of these agents delayed the bone healing process from 
the fourth week until the end of the study. 

Our results are in line with previous studies that 
showed NASIDs retard the bone healing process [11-
14]. A delay in the bone healing process could be at-
tributed to the eff ects of NSAIDs on PGE2 because 
bone and collagen formation is dependent on PGE2 
[10]. Prostaglandins have pivotal roles in the regen-
eration of pericytes in injured bones and stimulate 
bone maturation. Th e results showed that the eff ects 
of meloxicam on the bone healing process were weak-
er compared with fl unixin meglumine. It means that 
meloxicam has fewer adverse eff ects on the bone heal-
ing process due to its mechanism of action. Meloxi-
cam primarily demonstrates its eff ects via inhibiting 
COX-2 [7] and preventing the conversion of arachi-
donic acid into pro-infl ammatory prostaglandins [8], 
while fl unixin meglumine exerts eff ects via inhibiting 
COX isoenzymes [10] and reducing PGE2 concen-
trations in tissues [14]. Flunixin meglumine appears 
to involve more COX isoenzymes than meloxicam 
and to have more potent eff ects. Histopathological 
results showed the presence of infl ammation in the 
defects. According to the histopathological fi ndings, 
the defects had infl ammation which is a protective re-
sponse to tissue trauma and/or a stimulus for remov-
ing harmful stimuli and starting the healing process 
[15]. It is argued that chronic sustained infl ammation 
delays the healing process [16, 17]. Th e bone healing 
process might not be accompanied by infl ammatory 
responses and may last for several months [18, 19]. 
Infl ammation is the fi rst step in bone healing and its 
prevention can expedite the healing process [16, 17]. 
Th e NASIDs can reduce infl ammation and accelerate 
the bone healing process. Our fi ndings revealed that 
the administration of NSAIDs reduced infl ammation. 
A reduction in infl ammation may hasten the bone 
healing process, although NSAIDs inhibit it via oth-
er mechanisms. Th ese agents inhibit the production 

Discussion  of PGE2 and bone regeneration via interaction with 
bone morphogenetic proteins [20, 21]. In addition to 
preventing DNA synthesis and reducing osteoblast 
proliferation, NSAIDs have no appreciable eff ects on 
bone mineralization [22]. Histopathological results 
indicated that the healing process slowed down in the 
second week and there was less fi brosis tissue forma-
tion in the NSAID groups than in the control group.

Th e results showed that the formation of cartilage 
and bone tissues was slower in the NASID groups. 
Th eir actions on COX-2 may be responsible for the 
reduction in bone and cartilage production [6]. It 
can be stated that infl ammation is essential for the 
bone healing process but it should rapidly occur. Th e 
NASIDs inhibit infl ammation and slow down bone 
healing. Our fi ndings showed that NSAIDs inhibit the 
development of cartilage, collagen, and bone tissues 
and produce persistent clots over longer periods than 
in control groups.

It was concluded that NASIDs inhibit callus for-
mation in the defects. Histopathological fi ndings 
confi rmed that NSAIDs prevent callus formation, fi -
brosis, and bone tissue formation in defects. Flunixin 
meglumine had greater eff ects than meloxicam. It is 
suggested to administer the NASIDs with lower side 
eff ects for decreasing pain during the bone fraction

Materials & Methods  
Materials 

Meloxicam (Boehringer-Ingelheim; Mobic, Germany), fl u-
nixin meglumine (Banamine injectable solution; Merck Animal 
Health, Madison, NJ, USA), ketamine (Alfasan; Woerden, Neth-
erlands), and xylazine (Bayer; Leverkusen; Germany) were pur-
chased.

Animals and surgery 
Islamic Azad University, Urmia Branch approved all the pro-

cedures used in the current study for the care and treatment of an-
imals (IR.IAU.URMIA.REC.1400.020). All the eff orts were made 
to minimize pain. Ninety male New Zealand White rabbits (10-12 
months, 1.5-2.6 kg) were prepared and kept in a room with free 
access to water and food. Th ey were housed in a room at 24°C with 
a 12-h light/dark cycle. To induce anesthesia, each animal was in-
travenously administrated with 2% pentobarbital sodium (1.5 ml/
kg). Bone defects were created as reported by other researchers 
[23]. Th e animals were intramuscularly administrated with 1 mg/
kg of acepromazine and their left  forelimbs were shaved from the 
middle of the arm to the end of the radius. To induce anesthesia, 
xylazine (8 mg/kg) and ketamine (70 mg/kg) were administered 
intramuscularly. Following the isolation of bone periosteum and 
soft  tissues, a defect with a diameter and depth of 3 mm was creat-
ed on the medial surface of the radius bone of the left  forelimb of 
each rabbit. Soft  tissue was overlapped on the defect and sutured. 
Cefazolin was intramuscularly administrated for three days. Th e 
animals subcutaneously received 0.5 mg/kg meloxicam, 1 mg/kg 
fl unixin meglumine, and physiological serum (positive control) 
12 h/once for six days and then 24 h/once for four days.  

Radiographic investigations
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Eff ects of Adding α-tocopherol to Brahman Bull Chilled Semen 

on Sperm Quality, Lipid Peroxidation, Membrane Integrity, and 

DNA Integrity

During storage at low temperatures, the spermatozoa quality changes due to cold shock and free 
radicals. Diluent supplementation with antioxidants is an eff ort to maintain the quality of sper-
matozoa during storage. Th is study aimed to evaluate the α-tocopherol eff ect in CEP extender on 
sperm quality, membrane integrity, and lipid peroxidation during storage at 4°C-5°C. Th is was a 
laboratory experiment that compared the use of 2 mM of α-tocopherol in CEP with no addition of 
α-tocopherol (as control) in fi ve bulls. Semen was collected from Brahman bulls, diluted in CEP 
with and without α-tocopherol, and stored at 4°C-5°C. Sperm motility and viability were inves-
tigated by a light microscope at a ×400 magnifi cation using Eosin-Nigrosin staining. Moreover, 
membrane integrity was evaluated by lipid peroxidation using the MDA assay and hypoosmotic 
swelling test. Th e sperm motility, viability, and membrane integrity were higher in CEP with α-to-
copherol. Lipid peroxidation was signifi cantly diff erent between the treatment and control groups. 
Th e α-tocopherol supplementation in the diluent CEP could maintain the spermatozoa quality 
during storage at 4°C-5°C.
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Introduction  

Some procedure in sperm preservation (stor-
age) is performed at 4°C-5°C and freezing con-

ditions, which aff ects sperm quality [1, 2]. Th erefore, 
fresh semen must comply with a standard quality to 
be frozen, such as 70%-80% of motility and 80%-90% 
of viability [3]. Th e storage of semen at a temperature 
of 4°C-5°C can maintain the quality of spermatozoa 
for up to 2-3 days [4]. Moreover, this method does 
not depend on the availability of liquid nitrogen as a 
preservation agent. However, by modifying the dilu-
ent media, the storage time can be extended. Several 
studies showed an extension of storage time by using 
INRA96 diluent which could maintain the quality of 
bovine spermatozoa for up to 4 days [5], in commer-
cial diluent Megapor S.L. Spain was able to maintain 
the quality of boar spermatozoa for up to 10 days [6].

Spermatozoa preservation at low temperatures 
cannot prevent the presence of free radicals. It reduces 
the acrosome integrity, motility, plasmalemma func-
tion, and viability, and induces chromatin damage [7, 
8]. Th e freezing of spermatozoa preservation has been 
also reported to decrease spermatozoa motility and 
viability. Th e spermatozoa head region surrounding 
the plasma membrane is most susceptible to gluttony. 
Spermatozoa heads have been reported to swell more 
than 50% [9]. Moreover, it triggers spermatozoa of 
RNA expression before and aft er freezing on its pres-
ervation [10]. Fresh semen commonly contains not 
only spermatozoa cells but also other cells, such as 
leukocytes and epithelial cells, before storage. Th ese 
cells and immature spermatozoa are the sources of 
ROS [11].

Lipid peroxidation is caused by free radical and 
spermatozoa damage [12]. Lipids, proteins, and DNA 
oxidation are usually induced by high ROS levels in 
cells [2, 13]. Th ere are high lipid membrane phospho-
lipids in spermatozoa that lead to high ROS generation 
[14-16]. Spermatozoa with damaged and abnormal 
morphology produce higher ROS than spermatozoa 
with normal morphology [17]. Dead spermatozoa are 
the main source of ROS during storage at low tem-
peratures [18, 19].

Antioxidants are required to reduce lipid perox-
idation in the extender. Vitamin E (α-tocopherol) is 
one of the non-enzymatic antioxidants that protects 
polyunsaturated fatty acids, cell components, or cell 
membranes from oxidation by free radicals [20].

Th e addition of α-tocopherol in the semen diluent 
aff ects the spermatozoa quality at low-temperature 
conditions. It is able to maintain motility and protects 
spermatozoa from damage [21]. A study reported 
that the addition of α-tocopherol caused a signifi -
cant change in the diluents of Madura bull spermato-

zoa [22]. Furthermore, α-tocopherol can maintain 
the integrity, motility, and viability of the spermato-
zoa membrane on the Simental bull aft er storage at 
4°C-5°C. High-quality semen has a motility of ≥ 70% 
and a viability of ≥ 75%. Th e use of antioxidants in 
diluents is useful for maintaining spermatozoa quality 
[23]. 

Th e CEP diluent was fi rst developed by Verberck-
moes et al. [24] who used it to store bovine semen at 
a temperature of 4°C-5°C with the constituent com-
ponents mimicking the physical and chemical condi-
tions in the cauda epidydimal plasma of cattle [25]. 
Th ey modifi ed the concentration of egg yolk and re-
placed the antibiotic gentamicin with penicillin-strep-
tomycin, and managed to maintain the quality of 
spermatozoa until day 8. Th e CEP diluent is also able 
to maintain the quality of sexed spermatozoa during 
storage at low temperatures [26]. Th is study aimed to 
evaluate the sperm quality, membrane integrity, and 
DNA integrity of Brahman bull that was stored in 
CEP with or without α-tocopherol at 4°C-5°C.

Results  
As shown in Table 1, the mean percentage of 

sperm motility was not signifi cantly diff erent on days 
0-3 between the control and treatment groups. How-
ever, a signifi cant diff erence was found in spermato-
zoa motility in CEP with α-tocopherol compared to 
without α-tocopherol on days 4-7. Based on our study, 
sperm motility was better in CEP with α-tocopherol 
than without α-tocopherol. Th ere were no signifi cant 
diff erences (p > 0.05) in the viability percentage of 
sperms from day 0 to 4. However, on days 4-7, the 
percentage of sperm viability was higher (p < 0.05) in 
diluents with α-tocopherol than without α-tocopherol 
(Table 1).

Membrane Integrity
Th e motility and viability of spermatozoa were as-

sessed along with spermatozoa function during stor-
age based on their membrane integrity. Th e evalua-
tions of membrane integrity percentage are illustrated 
in Table 2.

Th ere was no signifi cant diff erence in membrane 
integrity at the beginning of storage (days 0-4). On 
the other hand, there was a signifi cant diff erence in 
membrane integrity in each treatment aft er day 5. Th e 
best results were in the CEP diluent using α-tocoph-
erol on day 7.

Lipid Peroxidation
Th e MDA levels were measured to determine the 

existence of radicals inside and outside the cell. Th e 
MDA results can be seen in Table 3.
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Table 1.
 Eff ects of α-tocopherol  addition to cauda epididymal plasma extender on sperm quality (Motility % and Viability %) during seven 
days (D) of storage at refrigerator temperature (4°C -5°C)

% Motility in days
Treatments

D7D6D5D4D3D2D1D0

35.00 b ± 
0.00

38.33 b ± 
0.85

41.67 a ± 
1.67

44.17 b ± 
0.96

48.33 a ± 
1.66

52.50 a ± 
1.43

55.83 a ± 
0.83 

58.83a ± 
0.84

CEP without 
α-tocopherol

45.00 a ± 
0.00

45.83 a ± 
0.83

46.67 a ± 
1.66

49.17 a ± 
0.83

50.00 a ± 
0.00

50.00 ab ± 
0.00

55.00a ± 
0.00

56.67a ± 
0.83

CEP + α-to-
copherol 

% Viability in days

 45.50 b ± 
1.00

 47.17 b ± 
1.78

 49.46 b ± 
2.68

62.61 ab ± 
1.53

 69.54 a ± 
0.68

 73.00 ab ± 
0.59

70.94 ab ± 
0.76

80.76a ± 
1.06

CEP without 
α-tocopherol

 56.10 a ± 
0.11

 58.44 a ± 
0.47

60.58 a ± 
1.31

64.13 a ± 
0.31

 68.37 ab ± 
0.43

 69.77 b ± 
0.77

71.45 a ± 
0.82

79.2 a ± 
0.20

CEP + α-to-
copherol

CEP: Cauda epididymal plasma
a-b uppercase letters in the same column indicate signifi cant diff erences based on Student’s T-test (α = 5%)

Table 2.
Eff ects of α-tocopherol addition to cauda epididymal plasma extender on membrane integrity % during seven days (D) of storage 
at refrigerator temperature(4°C-5°C)

Membrane integrity (%)
Treatments

D7D6D5D4D3D2D1D0

43.98 b ± 
1.33

46.41 b ± 
1.99

48.55 b ± 
2.57

60.86 ab ± 
1.60

68.93 ab ± 
0.35

71.76 a ± 
0.65

72.61 a ± 
0.72

79.59 a ± 
1.06

CEP without α-to-
copherol (control)

56.29 a ± 
0.33

60.91 a ± 
1.02

65.66 a ± 
1.94

65.92 a ± 
0.63

67.69 a ± 
0.35

68.84 ab ± 
0.95

70.53 a ± 
0.99

78.23 a ± 
0.32CEP + α-tocopherol

CEP: Cauda epididymal plasma
a-b uppercase letters in the same column indicate signifi cant diff erences based on Student’s T-test (α = 5%)

Table 3.
Eff ects of α-tocopherol addition to cauda epididymal plasma extender on malondialdehyde values during four 
days (D) of storage at refrigerator temperature (4°C-5°C)

MDA value
Treatments

D7D5D3D1

0.613 ± 0.234 a0.390 ± 0.055 a0.306 ± 0.179 a0.222 ± 0.191 a
CEP without α-tocopher-

ol (control)

0.182 ± 0.008 b0.175 ± 0.018 b0.168 ± 0.168 b0.116 ± 0.007 bCEP + α-tocopherol 
CEP: Cauda epididymal plasma; MDA: malondialdehyde
a-b uppercase letters in the same column indicate signifi cant diff erences based on Student’s T-test (α=5%)

Th ere were signifi cant diff erences in MDA lev-
els between treatments. A signifi cant diff erence was 
found on days 1-7 of storage. Th e lowest MDA lev-
els were shown in the α-tocopherol treatment, while 
the highest MDA levels were observed in the control 
group (CEP without α-tocopherol).

DNA Integrity
DNA integrity during storage may change due to 

the presence of free radicals. DNA integrity was as-
sessed by sequencing a gene that controls spermato-
zoa motility (NAD1-1) (Table 4).



34

RESEARCH ARTICLEIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Th e α-tocopherol eff ect of Brahman bullDucha et al., IJVST 2023; Vol.15, No.1                               
DOI:10.22067/ijvst.2023.74571.1108

q
 10 20 30 40 50 60 70 80 

Control Day-1 GTTCTAGGCT ACATACAACT CCGAAAAGGC CCAAATGTCG TAGGCCCATA TGGCCTACTT CAACCTATCG CCGATGCAAT 

Control Day-3 GTTCTAGGCT ACATACAACT CCGAAAAGGC CCAAATGTCG TAGGCCCATA TGGCCTACTT CAACCTATCG CCGATGCAAT 

Control Day-5 GTTCTAGGCT ACATACAACT CCGAAAAGGC CCAAATGTCG TAGGCCCATA TGGCCTACTT CAACCTATCG CCGATGCAAT 

Control Day-7 GTTCTAGGCT ACATACAACT CCGAAAAGGC CCAAATGTCG TAGGCCCATA TGGCCTACTT CAACCTATCG CCGATGCAAT 
α-tocopherol    Day-
1 GTTCTAGGCT ACATACAACT CCGAAAAGGC CCAAATGTCG TAGGCCCATA TGGCCTACTT CAACCTATCG CCGATGCAAT 
α-tocopherol    Day-
3 GTTCTAGGCT ACATACAACT CCGAAAAGGC CCAAATGTCG TAGGCCCATA TGGCCTACTT CAACCTATCG CCGATGCAAT 
α-tocopherol    Day-
5 GTTCTAGGCT ACATACAACT CCGAAAAGGC CCAAATGTCG TAGGCCCATA TGGCCTACTT CAACCTATCG CCGATGCAAT 
α-tocopherol    Day-
7 GTTCTAGGCT ACATACAACT CCGAAAAGGC CCAAATGTCG TAGGCCCATA TGGCCTACTT CAACCTATCG CCGATGCAAT 

         

         

 90 100 110 120 130 140 150 160 

Control Day-1 CAAACTTTTC ATTAAAGAAC CACTACGACC CGCCACATCT TCAACCTCAA TATTCATCCT AGCACCCATT TTAGCCCTAG 

Control Day-3 CAAACTTTTC ATTAAAGAAC CACTACGACC CGCCACATCT TCAACCTCAA TATTCATCCT AGCACCCATT TTAGCCCTAG 

Control Day-5 CAAACTTTTC ATTAAAGAAC CACTACGACC CGCCACATCT TCAACCTCAA TATTCATCCT AGCACCCATT TTAGCCCTAG 

Control Day-7 CAAACTTTTC ATTAAAGAAC CACTACGACC CGCCACATCT TCAACCTCAA TATTCATCCT AGCACCCATT TTAGCCCTAG 
α-tocopherol    Day-
1 CAAACTTTTC ATTAAAGAAC CACTACGACC CGCCACATCT TCAACCTCAA TATTCATCCT AGCACCCATT TTAGCCCTAG 
α-tocopherol    Day-
3 CAAACTTTTC ATTAAAGAAC CACTACGACC CGCCACATCT TCAACCTCAA TATTCATCCT AGCACCCATT TTAGCCCTAG 
α-tocopherol    Day-
5 CAAACTTTTC ATTAAAGAAC CACTACGACC CGCCACATCT TCAACCTCAA TATTCATCCT AGCACCCATT TTAGCCCTAG 
α-tocopherol    Day-
7 CAAACTTTTC ATTAAAGAAC CACTACGACC CGCCACATCT TCAACCTCAA TATTCATCCT AGCACCCATT TTAGCCCTAG 

 
 
        

         

 170 180 190 200 210 220 230 240 

Control Day-1 GCTTAGCCTT AACCATGTGA ATCCCCCTCC CAATACCCTA CCCTCTTATT AACATAAATC TAGGAATCCT ATTTATACTA 

Control Day-3 GCTTAGCCTT AACCATGTGA ATCCCCCTCC CAATACCCTA CCCTCTTATT AACATAAATC TAGGAATCCT ATTTATACTA

Control Day-5 GCTTAGCCTT AACCATGTGA ATCCCCCTCC CAATACCCTA CCCTCTTATT AACATAAATC TAGGAATCCT ATTTATACTA 

Control Day-7 GCTTAGCCTT AACCATGTGA ATCCCCCTCC CAATACCCTA CCCTCTTATT AACATAAATC TAGGAATCCT ATTTATACTA 
α-tocopherol    Day-
1 GCTTAGCCTT AACCATGTGA ATCCCCCTCC CAATACCCTA CCCTCTTATT AACATAAATC TAGGAATCCT ATTTATACTA 
α-tocopherol    Day-
3 GCTTAGCCTT AACCATGTGA ATCCCCCTCC CAATACCCTA CCCTCTTATT AACATAAATC TAGGAATCCT ATTTATACTA 
α-tocopherol    Day-
5 GCTTAGCCTT AACCATGTGA ATCCCCCTCC CAATACCCTA CCCTCTTATT AACATAAATC TAGGAATCCT ATTTATACTA 
α-tocopherol    Day-
7 GCTTAGCCTT AACCATGTGA ATCCCCCTCC CAATACCCTA CCCTCTTATT AACATAAATC TAGGAATCCT ATTTATACTA 

         

         

  
 
       

 250 260 270 280 290 300 310 320 

Control Day-1 GCCATATCAA GCCTAGCCGT ATACTCTATC CTCTGATCAG GTTGAGCCTC CAATTCAAAA TACGCACTAA TCGGAGCCCT 

Control Day-3 GCCATATCAA GCCTAGCCGT ATACTCTATC CTCTGATCAG GTTGAGCCTC CAATTCAAAA TACGCACTAA TCGGAGCCCT 

Control Day-5 GCCATATCAA GCCTAGCCGT ATACTCTATC CTCTGATCAG GTTGAGCCTC CAATTCAAAA TACGCACTAA TCGGAGCCCT 

Control Day-7 GCCATATCAA GCCTAGCCGT ATACTCTATC CTCTGATCAG GTTGAGCCTC CAATTCAAAA TACGCACTAA TCGGAGCCCT 
α-tocopherol    Day-
1 GCCATATCAA GCCTAGCCGT ATACTCTATC CTCTGATCAG GTTGAGCCTC CAATTCAAAA TACGCACTAA TCGGAGCCCT 
α-tocopherol    Day-
3 GCCATATCAA GCCTAGCCGT ATACTCTATC CTCTGATCAG GTTGAGCCTC CAATTCAAAA TACGCACTAA TCGGAGCCCT 
α-tocopherol    Day-
5 GCCATATCAA GCCTAGCCGT ATACTCTATC CTCTGATCAG GTTGAGCCTC CAATTCAAAA TACGCACTAA TCGGAGCCCT 
α-tocopherol    Day-
7 GCCATATCAA GCCTAGCCGT ATACTCTATC CTCTGATCAG GTTGAGCCTC CAATTCAAAA TACGCACTAA TCGGAGCCCT 

         

  

 
 
       

 330 340 350 360 370 380 390 400 

Control Day-1 ACGAGCAGTA GCACAAACAA TCTCATACGA AGTAACACTA GCAATTATCC TATTATCAGT GCTCCTAATA AGTGGGTCCT 

Control Day-3 ACGAGCAGTA GCACAAACAA TCTCATACGA AGTAACACTA GCAATTATCC TATTATCAGT GCTCCTAATA AGTGGGTCCT 

Control Day-5 ACGAGCAGTA GCACAAACAA TCTCATACGA AGTAACACTA GCAATTATCC TATTATCAGT GCTCCTAATA AGTGGGTCCT 

Control Day-7 ACGAGCAGTA GCACAAACAA TCTCATACGA AGTAACACTA GCAATTATCC TATTATCAGT GCTCCTAATA AGTGGGTCCT 
α-tocopherol    Day-
1 ACGAGCAGTA GCACAAACAA TCTCATACGA AGTAACACTA GCAATTATCC TATTATCAGT GCTCCTAATA AGTGGGTCCT 
α-tocopherol    Day-
3 ACGAGCAGTA GCACAAACAA TCTCATACGA AGTAACACTA GCAATTATCC TATTATCAGT GCTCCTAATA AGTGGGTCCT 
α-tocopherol    Day-
5 ACGAGCAGTA GCACAAACAA TCTCATACGA AGTAACACTA GCAATTATCC TATTATCAGT GCTCCTAATA AGTGGGTCCT 
α-tocopherol    Day-
7 ACGAGCAGTA GCACAAACAA TCTCATACGA AGTAACACTA GCAATTATCC TATTATCAGT GCTCCTAATA AGTGGGTCCT 

         

Table 4.
Data of NAD-1 sequences



35

RESEARCH ARTICLE IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Th e α-tocopherol eff ect of Brahman bull Ducha et al., IJVST 2023; Vol.15, No.1                             
DOI:10.22067/ijvst.2023.74571.1108

At the beginning of storage, no signifi cant diff er-
ences were found between the control and treatment 
groups. It demonstrated that short storage time did 
not aff ect the spermatozoa quality. Th is result also 
indicated that the dilution process of semen in CEP 
with and without α-tocopherol was a success. Th ere-
fore, it did not cause a signifi cant change in spermato-
zoa quality. It was also supported by the spermatozoa 
quality such as motility and viability become slowly.

In the present study, we revealed that the CEP me-
dia was very suitable for the storage of bull spermato-
zoa, although the semen was categorized as rejected 
semen. Th e CEP media could maintain the spermato-
zoa quality from the rejected semen during the stor-
age process at 4°C-5°C. Th ese fi ndings are also in line 
with Verbeckmoes [24] and Ducha [25, 27, 28]. Th e 
CEP media provides chemical and physical conditions 
to store bulls’ spermatozoa. Th e basic diluent of CEP 
was developed by imitating the physical and chemical 
conditions of bovine epidydimal plasm which has an 
osmolarity in the range of 290-300 mosm, contains 
ionic components Na, K, Ca, Cl, Mg, P, bicarbonate, 
energy source molecules (i.e., fructose and sorbitol), 
molecules for pH balance (i.e., tris and citric acid), 
as well as antibiotics and egg yolk [24, 27]. Another 
research [24] showed that CEP was able to maintain 
the quality of bovine spermatozoa for up to 6 days at 
a temperature of 4°C-5°C with the addition of 20% 
egg yolk. Furthermore, the replacement of gentamicin 
with penicillin-streptomycin showed that CEP could 
maintain the quality of bovine spermatozoa for up to 
8 days [25].

Th e addition of α-tocopherol to the CEP diluent 
strengthens the ability to maintain the quality of Brah-
man bull spermatozoa during storage at 4°C-5°C. It 
was similar to the SNI for AI until the seventh day of 
storing Brahman bull semen. Th e CEP media without 
α-tocopherol keeps the quality of bull spermatozoa 
from the rejected semen until the fi ft h day of stor-
age. Th e increase in free radicals during the storage 
of spermatozoa at low temperatures may be due to 

Discussion  

     

Control Day-1 TTACCCTCT    

Control Day-3 TTACCCTCT    

Control Day-5 TTACCCTCT    

Control Day-7 TTACCCTCT    
α-tocopherol    Day-
1 TTACCCTCT    
α-tocopherol    Day-
3 TTACCCTCT    
α-tocopherol    Day-
5 TTACCCTCT    
α-tocopherol    Day-
7 TTACCCTCT    

     
Note: Alignment results for sample 

Table 4 - Cont'd the production of free radicals from dead or abnormal 
spermatozoa. Th e addition of antioxidants into the di-
luent media tends to minimize the production of free 
radicals [19].

Sperm stored at a low temperature can be dam-
aged by free radicals. α-tocopherol is known as an 
antioxidant that reduces free radicals and can im-
prove the quality of spermatozoa. We found that the 
addition of α-tocopherol into the CEP extender did 
not protect the spermatozoa of the Brahman bull at 
the beginning of storage. We observed no signifi cant 
diff erence between the control and treatment groups. 
Furthermore, free radicals in the diluent can be over-
come by antioxidants in spermatozoa cells during 
fi ve days of storage. Th erefore, the extent of damage 
to cells was low. α-tocopherol plays the role of an an-
tioxidant and protects the cells or other compounds 
against free radicals by donating one hydrogen atom 
from the OH group to free radical compounds, result-
ing in tocopheroxyl radical compounds that are more 
stable and non-damaging. It can stop the propagation 
process when lipid peroxidation occurs in the mem-
brane of spermatozoa [29]. Th e concentration of α-to-
copherol can vary considering the percentage of lipids 
in the environment, aff ecting the solubility of vitamin 
E and the morphology of spermatozoa. Th erefore, the 
type and composition of the diluent media and the 
type of animal will infl uence the dose of α-tocopherol 
[30].

Th ere were signifi cant diff erences in membrane 
integrity, motility, and viability on the sixth day of 
storage. Th ese conditions were caused by free radicals 
in the diluent. Antioxidants were unable to reduce free 
radicals in the cell, especially in CEP diluents with-
out adding α-tocopherol. Th e decrease in spermato-
zoa quality, such as motility, viability, and membrane 
integrity was faster in diluents without α-tocopherol 
compared to diluents containing α-tocopherol. Brah-
man bull spermatozoa stored in CEP diluents with-
out α-tocopherol showed a low quality of sperm on 
the fi ft h day of storage. It was due to the presence of 
free radicals in semen. Th is fi nding is similar to buf-
falo sperm which has a higher quality with an extend-
er containing α-tocopherol or vitamin C [31]. Th ese 
results indicate that α-tocopherol provides the best 
protection for the plasma membrane of spermatozoa. 
α-tocopherol is known as an antioxidant that prevents 
lipid peroxidation during storage in bovine spermato-
zoa [32]. 

Th e integrity of spermatozoa DNA during storage 
was assessed based on the profi le of the genes encoding 
spermatozoa motility (NAD1-1). Spermatozoa motili-
ty was a major parameter in determining spermatozoa 
quality at the center of AI. Th e motility parameter is 
determined by the ability of spermatozoa to fertil-
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Materials & Methods   

Preparation of Extender with α-tocopherol 
Addition

Th e CEP extender in the present study was prepared accord-
ing to Verbeckmoes et al. [18, 27] with antibiotic, egg concen-
tration, and a diff erent method (water jacket method) [20]. Th e 
following compounds were included in the CEP extender: BSA 
2.0 gr/l, CaCl2(H2O)2 3.0 mmol/l, citrate acid mmol/l, fructose 
55 mmol/l, KH2PO4 20.0 mmol/l, KCl 7.0 mmol/l, NaH2PO4 8.0 

ize eggs. Th ese results revealed no changes in genes 
during various treatments until day seven of storage. 
It indicated that the presence of free radicals during 
storage for up to seven days did not damage the cell 
and DNA structure. Gene sequences did not show any 
changes in either the control or treatment groups, be-
fore or aft er storage. Th e process of storing the liquid 
at 4°C-5°C was simpler than the freezing method and 
fewer free radicals existed in the liquid method than 
in the frozen technique. Th e freezing process can trig-
ger damage to the integrity of the spermatozoa mem-
brane, compared to storage at 4°C-5°C as happened 
in the freezing process of human spermatozoa. Freez-
ing storage triggers damage in chromatin integrity by 
oxidative stress [33]. Th e storage of human sperma-
tozoa at freezing temperatures damages DNA integ-
rity [34]. DNA integrity did not damage aft er storage 
at 4°C-5°C, while DNA integrity was damaged aft er 
freezing [35].

Assessment of both sperm motility and sperm 
viability by light microscope was an important lim-
itation of the present study. However, computer-aided 
sperm analysis technology (CASA) is more accurate 
for such assessments. Moreover, other concentrations 
of α-tocopherol or combinations of other antioxidants 
with α-tocopherol may be required to obtain better 
results on bull spermatozoa stored at 4°C-5°C. Th ere-
fore, further research is needed in this important fi eld 
of research concerning spermatozoa preservations. It 
is necessary to study the eff ect of adding α-tocopherol 
to the CEP diluent in which each diluent has compo-
sitional characteristics, especially lipids that can aff ect 
α-tocopherol solubility. Consequently, it can infl uence 
the eff ectiveness of α-tocopherol in counteracting free 
radicals.

Conclusion
Th e sperm motility, viability, and membrane in-

tegrity were higher in CEP with the supplementation 
of α-tocopherol. Our present study showed that lipid 
peroxidation was signifi cantly diff erent between the 
treatment and control groups. Th e CEP with α-to-
copherol supplementation could maintain the sper-
matozoa quality during storage at 4°C-5°C.

mmol/l, NaHCO3 11.9 mmol/l, NaCl 15 mmol/l, MgCl2(H2O)6 
3.0 mmol/l, penicillin 1000 IU, streptomycin 1 gr, sorbitol 1.0 gr/l, 
and tris 133.7 mmol/l. Next, 2 mM of α-tocopherol (Sigma, USA) 
was added to the CEP extender while the control group was not 
supplemented with α-tocopherol.

Bull Semen Collection and Preparation 
Fresh semen of the bull was obtained from AI Center in Sin-

gosari, Malang, Indonesia by an artifi cial vagina. Bulls’ semen was 
obtained twice a week to gain optimum semen quality. Th e fresh 
semen was observed to evaluate motility and viability before be-
ing diluted. Th e low quality of semen, according to the SNI, was 
continued for the process of dilution and freezing. If the quality 
was below the SNI, semen was rejected. According to the SNI, 
low-quality semen does not meet the requirements of the freezing 
process. For example, the motility of spermatozoa is less than 70% 
and the viability percentage is less than 75%, and it is called reject-
ed semen. Fresh semen was diluted 25 times in a CEP extender 
with 2 mM α-tocopherol and without antioxidants as the con-
trol group. Spermatozoa were stored at refrigerator temperature 
(4°C-5°C) in darkness conditions at 25×106/ml concentration. 

In the present study, we used fresh semen with low quality. 
We evaluated the level of spermatozoa degradation from fresh 
low-quality semen (rejected for the freezing process) during stor-
age at low temperatures on CEP diluents with α-tocopherol as an 
antioxidant, compared to those without α-tocopherol. 

Sperm Motility
Spermatozoa motility was measured by observing semen us-

ing a light microscope to determine the percentage of progres-
sive motility. Spermatozoa were taken by a stick glass on days 0 
and 8 in the CEP-2 extender with and without egg yolk. Next, it 
was placed on an object glass and covered with cover glass. Th e 
observation was conducted under a light microscope with ×200 
magnifi cation. Evaluation of the motility-based method of Garner 
and Hafez [36] was performed by two people to determine sperm 
motility. 

Sperm Viability
Sperm viability was assessed using Eosin-Nigrosin staining to 

gain the permanent slides. Nigrosin provides a dark background 
to recognize viable cells. Non-viable sperms had red or dark pink 
heads and viable sperms had white or faintly-pink heads.

Membrane Integrity
Membrane integrity was determined using the hypoosmotic 

swelling test. It was performed by incubating 100 μl semen in the 
control and treatment groups with 1 ml of 125 mOsm/l hypoos-
motic (0.31 g sodium citrate and 0.565 g fructose in 50 ml H2O) 
at 37°C for 30 min. Aft erwards, 0.2 ml of the mixture was spread 
using a coverslip on a warm slide aft er incubation. Th e observa-
tion was performed using 200 sperms under light microscopy at 
a magnifi cation of ×400. Sperms with swollen or coiled tails were 
recorded [37].

Lipid Peroxidation
Sperm oxidative levels were determined using the MDA as-

say-based TBA reaction. A total of 1 ml in each spermatozoa 
treatment (fi ve technical replications) was incubated in 0.7 ml of 
tris buff er (100 mM, pH 7.4), 10 mM of iron sulfate, and 100 mM 
sodium ascorbate at 37°C for 60 min. Th is reaction was stopped 
by adding 1 ml of 10% trichloroacetic acid on ice for 15 min. Sam-
ples were immediately centrifuged at 7800 rpm for 15 min and the 
supernatant was removed. A total of 2 ml supernatant was add-
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Table 5.
Primers in the mtDNA sequencing procedure

Primer sequenceSense/antisense primerSegment

ATTCCCATCCTATTGGCCBOVNADH1S (sense)
457 bp (3131–3588)1

GAGAGGGTAAAGGACCCACTBOVNADH1A(antisense)

TAAGTGGGTCCTTTACCCTCBOVNADH1S (sense)
488 bp (3567–4055)2

ATGTTTGTGGTGGGATGCBOVNADH1A (antisense)
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Th e TiO2 NPs are widely used in many commercial products, nanomedicine, agriculture, personal 
care products, diff erent industries, and pharmaceutical preparations with potential risks to human 
health and the environment. Th e present study investigated the eff ects of diff erent doses of TiO2 
NPs on the liver, small intestine, and kidney tissues in the rat. Th e TiO2 NPs were administrated 
daily through gavage at the doses of 10, 20, and 50 mg/kg BW for 2 months. A total of 32 male rats 
were divided into four groups. Aft er 60 days, rats were euthanized with CO2 gas (Code of Ethics: 
IR UM.REC.1400.327). Histopathological examination of the kidney, small intestine, and hepatic 
tissues treated with  TiO2 NPs showed toxic changes compared to the control group. Histopatho-
logical examination revealed hemorrhage in the liver, swelling in the kidney glomerulus, as well as 
infl ammation and damage to the mitochondria in enterocytes. Further evaluations are needed to 
understand the impact of diff erent doses of NPs on human health.

Small intestine, Kidney, Liver, Rat, TiO2 
nanoparticles

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

2022- Oct- 15 

2023-Apr- 23
2023- Apr- 03

Number of Pages:          

         6

 35
  8

         0

LM: light microscope
TEM: Transmission electron microscopy
TiO2 NPs: Titanium dioxide nanoparticles

Rahele Javaheri , Ahmad Reza Raji, Amir Moghaddam Jafari, Hossein Nourani

PhD student of comparative Histology, School of veterinary medicine, Ferdowsi University of Mashhad, 
Mashhad, Iran.
Department of Basic Sciences, Faculty of Veterinary medicine, Ferdowsi University of Mashhad,  Mash-
had, Iran.
Department of Pathobiology, School of Veterinary Medicine, Ferdowsi University of Mashhad, Mashhad 
, Iran

c

a

b

c

Eff ects of Oral Exposure to Titanium Dioxide Nanoparticles 
on the Liver, Small Intestine, and Kidney of Rats assessed by 
light microscopy and Transmission Electron Microscopy

a bb



42

RESEARCH ARTICLEIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Toxicity of Titanium Dioxide on Rat tissuesJavaheri et al., IJVST 2023; Vol.15,  No.1                          
DOI:10.22067/ijvst.2023.78900.1194

Introduction  

Currently, the use of nanotechnology, includ-
ing NPs, in various fi elds, such as medicine, 

cosmetics, energy, chemicals, and textile industries 
has increased signifi cantly. Th e size of nanomaterials 
varies from 1 to 100 nm [2]. Some NPs, if they are 
based on certain metals, can interact with hydrogen 
peroxide present in cells, resulting in the production 
of hydroxyl radicals that can enter the nucleus and 
cause DNA damage. Th e TiO2 NPs are reported to 
be cytotoxic. Several reports have indicated that these 
NPs can induce oxidative stress and ROS leading to 
membrane and DNA damage. Th is structural damage 
causes apoptosis or genetic alteration in cells aff ecting 
the overall health of the organism [3]. NPs can enter 
through various routes such as the digestive or respi-
ratory system and reach the blood or major organs. 
Th ey can enter the body through various routes, such 
as the digestive or respiratory systems, and reach the 
blood or major organs. Th erefore, it is necessary to 
understand the long-term eff ects of  TiO2 NPs on var-
ious biological systems [4]. Th e TiO2 NPs are mostly 
used in a large panel of applications, such as manu-
facturing plastics, paints, cosmetics, sunscreens, and 
toothpaste, as an adjuvant in pharmaceutical pills, and 
as bleaching agents in the paper industry [3]. Oral ab-
sorption of TiO2 NPs depends on the particle type, 
size, surface charge, surface coating, protein binding, 
dose, and species. It may increase with smaller size, 
negative charge, and appropriate coatings. As for other 
engineering nanomaterials, the potential toxicological 
hazards of nano-sized TiO2 are related to intracellular 
bioaccessibility, the ability to react with macromol-
ecules, and the generation of free radicals [4]. Toxi-
cokinetic studies in rodents administered intravascu-
lar and oral NPs showed accumulation predominantly 
in the spleen, liver, intestine, and kidneys [5, 6]. Ab-
sorption of TiO2 can be diff erent according to the 
exposure routes and there is little knowledge on how 
the kinetic relates to physicochemical characteristics, 
such as size [7]. Recent studies showed that TiO2 has 

very low oral bioavailability and slow tissue elimina-
tion which might result in the long run in tissue ac-
cumulation [8]. Moreover, a study performed on hu-
mans stated that TiO2 NPs are likely to agglomerate 
in gastric fl uid, reducing the bioavailability in nano-
form during oral exposure and there is no evidence of 
signifi cant absorption regardless of particle size [9]. 
Aft er short-term (5 days) oral exposure to TiO2 NPs 
(0, 1, and 2 mg/kg BW per day) in rats, deposition 
of TiO2 (aggregates of test nanomaterial) was shown 
in the spleen, selected as a putative indicator of TiO2 
NP deposition in tissues [10, 11]. Th e gastrointestinal 
tract represents a route of entry for several NPs both 
directly through intentional ingestion or indirectly 
via NP dissolution from food contact materials or by 
the secondary ingestion of inhaled particles. In addi-
tion, the growing use of NPs may lead to increased 
environmental contamination and unintentional in-
gestion via water, food animals, or fi sh [12]. Due to 
the high use of NPs, we decided to study the histo-
pathological eff ects of these particles on the intestinal, 
liver, and kidney tissues in the rat.

Results  
Th e present study explored the potential eff ects of 

TiO2 NPs on the jejunum, liver, and kidney follow-
ing repeated oral administrations in rats, at doses rel-
evant to human dietary intake. Detailed histological 
and morphometrical examinations of the jejunum, 
kidney, and liver were performed in the control and 
treated rats. No mortality occurred in any of the in-
vestigated groups of the current study. No eff ects on 
animal health and weight gain were observed during 
the treatments. 

Kidney Histopathology 
Kidneys of all control rats demonstrated well-pre-

served and kept intact normal histological compo-
nents of the glomeruli, renal tubules, and interstitial 
tissues of the cortex and medulla (Figure 1-A). Kid-
ney histological analysis did not show any signifi cant 
qualitative changes both in 10 and 20 mg/kg groups, 

A B Bowmman's capsule

Figure 1.
A: Light micrograph of 
the kidney in control rats 
demonstrating normal his-
tological architecture. H & E 
stain (×400). B: Light micro-
graph of the kidney in rats 
exposed to 50 mg/kg TiO2 
NPs, demonstrating Bow-
man's capsule swelling and 
dilatation (arrow). H & E 
stain (×400).
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However, in the group that received 50 mg/kg of NPs, 
Bowmman's capsule swelling and dilatation were ob-
served. Th is study indicated the dissociation of junc-
tions between the glomeruli and the renal tubule and 
might be associated with free radicals induced by 
TiO2 NPs exposure (Figure 1-B).

Liver Histopathology  
In the liver, no histopathological changes were ob-

served in the untreated animals (Figures 2-A). Aft er 
oral exposure, TiO2 NPs reached the liver via blood 
circulation. Th e NP aggregates were internalized in 
the Kupff er cells and probably into phagolysosomes 
localized in hepatic sinusoids as well as in the periph-
ery of the portal tract. Th ese diff erent histological al-
terations occurred in animals exposed to the highest 
dose (50 mg/kg BW). In the histopathological study, 
no pathological lesion was observed and the liver had 
a normal appearance. Liver tissue was normal in the 
groups receiving 10 (Figures 2-B) and 20 mg/kg of 
NPs, but lesions, such as hyperemia and dilation in 
central veins, were observed in the group receiving 50 

Figure 2. 
A: Light micrograph of the liver 
in control rats demonstrating 
normal histological 
architecture. H & E stain (×400). 
B: Light micrograph of the liv-
er of rats exposed to 10 mg/kg 
TiO2 NPs. H & E stain (×400). 
C: Light micrograph of the liv-
er of rats exposed to 50 mg/
kg TiO2 NPs. CV: Central Vein 
congestion (arrow). H & E stain 
(×400). D: Light micrograph of 
the liver of rats exposed to 50 
mg/kg TiO2 NPs. Th e obstruc-
tion of central veins (arrow). H 
& E stain (×400).

Figure 3. 
A: Light micrograph of the je-
junum of control rats demon-
strating normal histological 
architecture. H & E stain 
(×400). B: Light micrograph 
of the intestine of rats exposed 
to 50 mg/kg TiO2 NPs. H & E 
stain (×400).

mg/kg (Figures 2-C and D).

Jejunum Histopathology  
Jejunum was completely normal in the control 

group (Figure 3-A) and in the groups that received 10 
and 20 mg/kg of NPs. However, in the group that re-
ceived 50 mg/kg of NPs, crypt structures were injured, 
the mucosa was eroded, and jejunum villi were loos-
ened. Our results showed that in the TiO2 NP-treat-
ed groups, injured crypt structure, mucosal erosion, 
and the loosening of intestinal villi were present. Th e 
straight line shows the villus height (Figure 3-B). Ab-
sorptive cells were long and cylindrical. Basally locat-
ed nuclei were in harmony with the shape of the cell. 
Microvilli were located on the luminal side of the cells 
(Figure 4-A). 

Examining Histological Changes by Electron 
Microscopy

Aft er 60 days of oral exposure to TiO2, the ultra-
structure of the absorptive cells showed signifi cant 
changes. Th e most striking histopathological fi ndings 
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Discussion  

Figure 4.
A: Electron micrograph of the jejunum of control rats demonstrating normal histological archi-
tecture. Microvilli and apically located mitochondria in the control group. mitochondria (M) 
and microvilli (mv) (×20.000). B: Electron micrograph of the jejunum of rats exposed to 50 
mg/kg TiO2 NPs. Mitochondrial cristae loss (M). Alterations in microvilli can be observed 
(×20.000).

in the group of 50 mg/kg were distortion in microvilli 
and increased goblet cells and mast cells (Figure 5-A 
and B), mitochondrial elongation, along with exces-

It is very challenging to draw fi rm conclusions on 
the toxicity of TiO2. Recent toxicity studies on TiO2 
raised concerns for liver eff ects (fi brosis, steatosis, and 
edema) [13-18], and the potential promotion of intes-
tinal tumors [16, 19-21] aft er ingestion. On the other 
hand, there are also toxicity studies showing no eff ect 
on the liver and intestine despite prolonged exposure 
and high doses [22, 23]. We included information 
from in vivo studies using advanced techniques to as-
sess specifi c adverse eff ects in the liver, jejunum, and 
kidney. Th e toxic eff ects associated with TiO2 NPs in 
humans are mainly long-term eff ects resulting from 
chronic exposure by diff erent routes (inhalation, in-
gestion, and transcutaneous passage from sun cream 
or internal production from titanium prostheses). Th e 
exposure of humans to TiO2 via diff erent consumer 
products is estimated at 5 mg per person per day in 

occidental countries. Once incorporated into tissues, 
TiO2 nanoparticles are not eliminated and accumu-
late over time, which can lead to very high doses of 
several grams aft er several tens of years of exposure It 
is very diffi  cult to recreate such chronic exposures in 
rodent models that have a short lifespan of no more 
than two years. Th us, most animal toxicity studies 
carried out on these NPs use diff erent doses admin-
istered at a single time or over a relatively limited pe-
riod. Daily, humans are exposed orally to TiO2 via 
food, food supplements, toothpaste (for young chil-
dren), and medicines [24, 25]. Analysis of postmor-
tem tissues indicated that these particles are taken up 
by the jejunum and are subsequently transported to 
secondary organs, such as the liver and kidney [26, 
27]. Current legislation of the food additive E171 is 
based on the lack of eff ects in the chronic study by 
NCI (1979), investigating only traditional toxicolog-
ical endpoints (NCI 1979). Th e small size of particles 

A
Figure 5. 
A: Semi-thin micrograph of the jejunum of control rats demonstrating normal histological architecture. Goblet 
cells (G) and Mast cells (M) can be observed. B: Semi-thin micrograph of the jejunum of rats exposed to 50 mg/
kg TiO2 NPs. An increase in Goblet cell (G) and Mast cell (M) numbers can be observed.

B

sive swelling of mitochondria and matrix dissolution 
(Figure 4-B).

A B
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enables them to enter and damage the organism by 
penetrating the physiological barriers traveling with 
circulatory systems [5]. A study found that oral expo-
sure to the nano-forms of diverse particles was more 
toxic than micro-counterparts [28]. Th is study inves-
tigates the eff ect of TiO2 NPs on the kidney, jejunum 
and liver tissues.Nanoparticles can spread more in 
blood, kidney, liver and other organs [29]. Th is study 
agrees with Dhawan A et al. [30] who showed that 
oral exposure to TiO2 NPs causes apoptosis in the 
rat liver cells and induces severe oxidative stress. We 
concluded that TiO2 NPs can induce changes in the 
kidney, jejunum, and liver of rats. Liver damage may 
result from excess oral TiO2 NPs, which is in line with 
another study in 2012 [31]. Th e histo-toxicity of TiO2 
NPs in high doses (50 mg/kg BW/day) was more than 
in low doses (10 mg/kg BW/day) in the kidney, jeju-
num, and liver tissues. Dietary exposure to TiO2 NPs 
caused liver toxicity [32]. Other investigations have 
demonstrated that pathogenic mechanisms initiated 
by some NPs were dominated by infl ammation-driv-
en eff ects, which occurred due to oxidative stress or 
DNA damage [5]. Th is explains the role of oxidative 
stress in cellular death by necrosis or degeneration in 
the rat kidney, jejunum, and liver treated with TiO2 
NPs.

In the present study, animals were exposed to 
TiO2 NPs at diff erent doses (10, 20, and 50 mg/kg 
BW). Th e rats were euthanized aft er 60 days to ob-
serve the chronic toxicological eff ects of TiO2. Th e 
range of doses used in our study was in accordance 
with other toxicological studies [33-35]. Morpholog-
ical damage was induced by oral exposure to TiO2 
NPs. In order to observe morphological changes, we 
opted for a high dose (50 mg/kg BW). Th e two lower 
doses (10 and 20 mg/kg BW) were used to detect his-
topathological changes.

Liver
Th e liver is the major distribution site due to its 

high blood circulation and the phagocytosis of NPs 
by Kupff er cells. Th e other major target organs are the 
spleen, kidneys, and lungs [8, 33, 34]. Th e amount of 
TiO2 NPs in the mouse liver, spleen, lung, and kid-
neys reached high levels 14 days aft er intraperitoneal 
administration. Wang et al. in 2007 [7] also reported 
the accumulation of TiO2 NPs in the liver, kidneys, 
intestine, and lungs following oral administration. 
Th ese alterations were correlated with oxidative stress 
localized in the same area of the liver. It may be the 
reason why hepatocytes present around the cen-
tral vein are particularly sensitive to oxidative stress 
induced by TiO2. In conclusion, the present study 
highlighted the fact that TiO2 NPs caused detectable 
histological changes only in animals treated with high 

doses. In the liver, lesions aff ecting hepatocytes cells 
were related to oxidative stress.

Kidney
In the kidneys, morphological alterations entailed 

the swelling of the renal glomeruli and therefore, 
probably more exposure to oxidative stress induced 
by TiO2 [10]. Bowman's capsule was the most aff ect-
ed part following exposure to the high doses of TiO2 
NPs. Th ese alterations were accompanied by changes 
in renal and hepatic function parameters that persist-
ed chronically. In contrast, animals treated with lower 
doses showed no histological changes by light mi-
croscopy or signifi cant variation in renal and hepat-
ic function parameters. However, the very sensitive 
metabolomics approach allowed us to demonstrate a 
very early change in metabolism, even in animals ex-
posed to the lowest doses of TiO2.

Jejunum
At least four zones are distinguished in the intesti-

nal tract, namely the duodenum, jejunum, ileum, and 
colon. Th e gut epithelium is composed of enterocytes 
and mucus-secreting cells (Goblet cells). Th e NPs are 
usually believed to be taken up by Goblet cells and 
M-cells, although this process is dependent on the 
particle size. In the current experiment, diff erent dos-
es of TiO2 were administered orally and electron mi-
croscopic assessments were carried out based on the 
control group to reveal the pathologic changes in the 
jejunum epithelium cells. Correlated with the expo-
sure dose, the most signifi cant changes were observed 
in mitochondria, goblet cells, and mast cells. Overall, 
the results of the present study showed that the gas-
trointestinal tract and enterocytes in particular may 
represent a target of TiO2 NPs toxicity following di-
rect exposure. Ultrastructural changes in the intestine 
epithelial cells were observed using transmission elec-
tron microscopy, and severe structural damage was 
found in microvilli and mitochondria. It indicates 
that the possible site of the action of these TiO2 NPs 
is the cytoplasmic membrane and endomembrane 
system of the intestine epithelial cells. Th ese fi ndings 
provide a basis for the development of novel NPs ac-
tive compounds with a novel mechanism of action. 
Th e intestinal compartment is highly chemically and 
physically complex. As a result, further studies are 
recommended to highlight the mechanism and mode 
of action for a reliable risk assessment of TiO2 NPs 
relevant to food safety.
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Nanoparticles Characterization
Th e TiO2 NPs were purchased from Sigma-Aldrich, UK. Th e 

TiO2 NPs used in this study were titanium (IV) oxide and anatase 
with a purity of 99.7%. Th e TiO2 NPs were weighted and suspend-
ed in ultrapure water. In order to reduce the size of NP aggregates, 
NPs were sonicated in a probe sonicator for 3 runs of 30 min as 
detailed in the previous publications. Briefl y, TiO2 NPs were char-
acterized by a particle size analyzer and the titanium particle size 
was about 30 nm.

Animal and Treatment
Th irty-two adult male rats at 2 months of age weighing ap-

proximately 220 g were used in this study. Th e rats were housed 
in cages under a regulated light and dark schedule on a 12 h day/
night cycle and controlled ventilation, humidity, and temperature 
of 24°C ± 3°C and were fed with standard laboratory rodent pel-
leted feed and water ad libitum. Aft er 5 days of acclimatization, 
the rats were distributed in four experimental groups of eight an-
imals each (n = 8).

Treatment Groups
Diff erent doses of TiO2 were administered to experimental 

animals orally. Th e subjects were divided into four equal groups (n 
= 8). Doses were selected based on the available data on TiO2 NPs 
estimated human exposure and dispersibility of the test NPs in the 
selected medium, taking into account that the maximum volume 
administered by gavage to each rat cannot exceed 2 ml in aqueous 
solution. Th e TiO2 NPs were suspended in ultrapure water by son-
ication for 15 min and the dispersions were prepared daily. Aft er 
60 days, male rats were euthanized with CO2 gas (Code of Ethics: 
IR.UM.REC.1400.327). Aft er dissecting the animals, tissue sam-
ples were taken from the liver, kidney, and intestine. Th e samples 
for LM were fi xed in 10% buff ered formalin. Next, the preparation 
of samples was performed by tissue processing. Th ey were embed-
ded in a paraffi  n dispenser, cut into 5-μm sections by semi-auto-
matic microtome, and stained with Hematoxylin & Eosin. Briefl y, 
the slides of tissues were examined by an image analysis system 
applied to an optical microscope. For electron microscopy, sam-
ples from jejunum were fi xed in glutaraldehyde (3%) and osmium 
tetroxide. Aft er the preparation of samples, they were blocked in 
Epon 812. Samples were cut by ultra-microtome and thin sections 
were double stained with saturated uranyl acetate (20 min) and 
lead citrate (10 min). Jeol JEM 100 CX-II electron microscope was 
used for examining the specimens.

Group I: Control animals received ultrapure water.
Group II: Received 10 mg/kg TiO2 NPs for 60 days.
Group III: Received 20 mg/kg TiO2 NPs for 60 days.
Group IV: Received 50 mg/kg TiO2 NPs for 60 days.

Ethics approval
Th is study has the code of ethics (Code of Ethics 

for Study IR UM.REC.1400.327).

Materials & Methods  
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Phenotypic and Genotypic Characterization of Colistin Resis-

tance in Escherichia coli Isolated from Bovine Mastitis

Mastitis is a global disease occurring in dairy cows, causing notable economic losses. Extensive use 
of antibiotics could allow the emergence of mobile antimicrobial resistance genes in mastitis-caus-
ing pathogens. Th is study aimed to investigate the prevalence and characterization of colistin re-
sistance genes in E. coli recovered from bovine mastitic milk. A total of 74 E. coli isolates were 
investigated for antimicrobial resistance. Th e presence of mcr-1, mcr-2, mcr-3, mcr-4, and mcr-5 
plasmid-mediated resistance genes, as the most crucial contributors to resistance to colistin, was 
examined by Multiplex PCR. Antimicrobial susceptibility patterns of all isolates to the seven most 
common antibiotics applied in dairy herds, including colistin, ceft riaxone, ampicillin, tetracycline, 
gentamicin, enrofl oxacin, and trimethoprim-sulfamethoxazole were determined by the DD test. 
Among all samples, 70 isolates (94.6%) were resistant to colistin. In the MIC test, all isolates were 
also resistant to colistin, which was in agreement with the DD test. None of the E. coli isolates 
carried plasmid-mediated colistin resistance mcr-1 to 5 genes in Multiplex PCR. Despite the im-
portant role of food-producing animals in the transfer of antibiotic resistance, mastitis-causing E. 
coli isolates were not the source of mcr 1 to 5 genes in this study. Th e present research showed a 
high level of phenotypic resistance to colistin, while there was no agreement with their genotypic 
resistance. Consumption of polymyxins in dairy calves and the probable existence of other more 
eff ective resistance genes could be the reason for this high rate of phenotypic resistance.
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Introduction  

Mastitis is considered a critical global condi-
tion in the dairy industry, causing notable 

economic losses due to various detriments, especial-
ly a signifi cant reduction in milk production. Th e ef-
fects of mastitis on reproduction and product quality 
have been also documented [1]. Furthermore, clinical 
mastitis induces a vast range of symptoms from mild 
or moderate to severe with generalized signs, such as 
fever, anorexia, and pain, which are emergencies and 
should be instantly treated [2]. E. coli is one of the pri-
mary causative pathogens of mastitis, responsible for 
more than 80% of acute mastitis cases [3].

Colistin (also known as polymyxin E), which is a 
polypeptide with bactericidal activity against diff erent 
species of Enterobacteriaceae, such as E. coli, targets 
the lipid A component of the LPS in the outer layer 
of Gram-negative bacteria [4, 5]. Oral formulations 
of colistin are usually used for intestinal disorders in 
calves. Intra-mammary colistin compounds also exist 
in the market to treat mastitis. Polymyxin resistance 
happens following changes in the lipid A moiety in the 
structure of LPS by either mutation in chromosomal 
genes or acquired resistance genes resulting in a more 
cationic LPS [3, 4]. Until 2016, chromosomal mech-
anisms leading to LPS modifi cation, including aug-
mented 4-amino-4-deoxy-L-arabinose (L-Ara4N), 
2-aminoethanol, and phosphoethanolamine (PetN), 
or other approaches, such as capsule synthesis and 
effl  ux pump were considered the major reasons for 
colistin resistance attainment within Enterobacteria-
ceae [6]. Th e activation of PmrCAB and the two-con-
stituent system PhoP/PhoQ due to mutation, inac-
tivation, or mutation of the regulatory mgrB gene 
and consequent adverse feedback of the PhoP/PhoQ 
system causing lipid A modifi cation in the LPS were 
recognized in animal E. coli isolates [3, 7]. Th e mgrR 
and etk encoding a tyrosine-kinase are other genes in-
ducing colistin resistance in E. coli by altering the LPS 
charge [6].

Following the fi rst record of the mcr-1 gene in 
2016, many papers showed the presence of plas-
mid-mediated polymyxin resistance gene, which is 
coding mcr-1 phosphoethanolamine transferase on 
diff erent plasmids in the isolates of animal, human, 
or environmental source in most countries [3, 4, 6, 
8, 9]. Few retrospective studies have been conducted 
to separate mcr-1-positive isolates in the samples de-
rived from chickens and calves in the 1980s and 2006, 
respectively. Th ese studies revealed that the develop-
ment of mcr-1-positive strains seemed to be a silent 
distribution of mcr genes during preceding decades 
rather than a current disaster [10, 11]. However, the 
growth of mcr-1 prevalence to 30% in 2014 from 5.2% 

in 2009 represented a striking raise in mcr-1 preva-
lence emphasized through the preceding years (11). 
Th e acquisition of the plasmid-mediated mcr-1 gene 
currently has become the main reason for polymyxin 
resistance in E. coli as 98% of colistin-resistant E. coli 
can be described by the carriage of the plasmid-borne 
mcr-1 gene [12-14].

Th e announcement of a vast range of mcr-1-car-
rying plasmids in E. coli from various regions ex-
plains the potential of this gene to spread [13]. Th e 
mcr genes might spread quickly within important hu-
man pathogens due to the very high in vitro transfer 
of mcr-carrying plasmid among E. coli strains. Th e 
coexistence of mcr-1 and genes encoding ESBLs and 
carbapenemases, namely CTX-M-55, CTX-M-15, 
and blaNDM, was observed in various sequences of E. 
coli isolates originated from several reservoirs [8, 11, 
13,15]. Haenni et al. reported that 21% of recovered 
ESBL-producing E. coli samples had the mcr-1 gene 
with a higher frequency in veal calves [16].

Th e addition of transferrable mcr-1 plasmid-me-
diated colistin resistance in carbapenem-resistant E. 
coli isolates, even in the absence of polymyxins’ selec-
tive pressure, could be a global hazard of pan-drug 
resistant isolates development. However, the attain-
ment of mcr-1 by E. coli could be a consequence of 
the substantial consumption of colistin in veterinary 
[3, 7, 14].

Co-occurrence of the mcr-1 gene and resistance 
to various antibiotics, such as ampicillin, gentamicin, 
chloramphenicol, sulfonamides, trimethoprim, ceph-
alosporins, and tetracyclines, has been reported [6, 
11]. Extensive application of these antibiotics in vet-
erinary medicine may have a role in distributing mcr-
1 and colistin resistance [11]. A 4- to 8-fold rise in 
the MICs of polymyxins may result from the presence 
of mcr-1 in E. coli [4]. Considering the importance of 
colistin as the last-resort option for human infections 
caused by MDR bacteria and its broad consumption 
in veterinary medicine, the identifi cation of mcr genes 
in food-producing animals is noteworthy in terms of 
public health concern that colistin resistance might 
be transmittable to humans [3, 4, 8].

Our study aimed to evaluate phenotypic resis-
tance to colistin, the prevalence of plasmid-mediated 
colistin resistance genes (mcr-1 to 5 genes), the relat-
edness of phenotypic and genotypic resistance, and 
also the agreement between two diff erent phenotypic 
susceptibility tests in mastitis-causing E. coli isolates 
in a dairy farm.
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Results  
Antimicrobial susceptibility tests

A) Disk Diff usion: Based on the DD test, 70 E. 
coli isolates (94.6%) showed phenotypical resistance 
to colistin (zone diameter < 14 mm), which was the 
most prevalent resistance among all seven diff erent 
antimicrobial agents. Enrofl oxacin was the most ef-
fective agent compared to other antibiotics. Enrofl ox-
acin inhibited bacterial growth in 62 isolates (83.8%) 
among all E. coli isolates. More details of phenotypi-
cal susceptibility to all seven antimicrobial agents are 
summarized in Table 1. Our study also revealed that 6 
(8.1%) isolates were resistant to all seven antibiotics. 
Among all isolates (n = 74), 21 samples (28.4%) were 
known as MDR due to phenotypical resistance against 
at least three examined antibiotics other than colistin. 
Details of antibiotic susceptibility patterns to diff erent 
antibacterial agents are summarized in Figure 1. 

B) Minimum Inhibitory Concentration to colis-
tin Th e MICs of isolates on cation-adjusted Mueller 
Hinton broth (Mueller Hinton broth 2) showed that 
all isolates were resistant to colistin (MIC > 8 μg/ml). 
Results also revealed that almost 42% of isolates (31 
isolates) had MICs greater than 128 μg/ml.

Agreement between antimicrobial susceptibility 

tests
 MICs demonstrated that all isolates were pheno-

typically resistant to colistin, while DD results showed 
that 70 isolates (94.6%) were colistin-resistant (Table 
2). Th ere was a signifi cant agreement between the 
two phenotypical susceptibility tests. Th e details are 
shown in Figure 2.

Occurrence of mcr genes in E. coli isolates
In order to investigate the existence of mcr-1 to 5 

resistance genes, Multiplex PCR was carried out, and 
the obtained results revealed that among all masti-
tis-causing E. coli isolates, none of the isolates carried 
mcr-1, mcr-2, mcr-3, mcr-4, and mcr-5 plasmid-medi-
ated resistance genes.

Figure 1.
Antibiotic Susceptibility 
Patterns of E.coli Clinical 
Isolates

Discussion  
Th e phenotypic colistin resistance of E. coli iso-

lates in this research was 94.6% and 100% in DD and 
MIC, respectively. Th ese two phenotypically colistin 
resistance tests had great concordance in our study. 
However, most studies showed that the DD test is un-
reliable and introduced standard broth microdilution 
as the golden standard for colistin resistance detection 
[17, 18]. Th ere is a wide range of colistin resistance 
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Table 1.
Comparison of phenotypic E. coli isolates susceptibility to 7 diff erent antibiotics.

Resistant (R)Intermediate (I)Susceptible (S)Antibiotic Name

17 (23%)4 (5.4%)53 (71.6%)Tetracycline (TE) (30 μg)

21 (28.4%)2 (2.7%)51 (68.9%)Trimethoprim-Sulfamethoxazole 
(SXT) (1.25+23.75 μg)

36 (48.7%)34 (45.9%)4 (5.4%)Colistin (CL) (10 μg)

6 (8.1%)7 (9.5%)61 (82.4%)Gentamicin (GM) (10 μg)

9 (12.2%)3 (4%)62 (83.8%)Enrofl oxacin (NFX) (5 μg)

29 (39.2%)23 (31.1%)22 (29.7%)Ampicillin (AM) (10 μg)

9 (12.2%)4 (5.4%)61 (82.4%)Ceft riaxone (CRO) (30 μg)

Table 2.
Comparison of two phenotypically colistin resistance tests (Disk diff usion and MIC).

Total
Disk diff usion results

ResistantIntermediatesusceptible

1001Count
8

MIC (μg/ml)

1.4%.0%.0%1.4%% of Total

4220Count
16

5.4%2.7%2.7%.0%% of Total

186111Count
32

24.3%8.1%14.9%1.4%% of Total

13940Count
68

17.6%12.2%5.4%.0%% of Total

7250Count
128

9.5%2.7%6.8%.0%% of Total

3117122Count
> 128

41.9%23.0%16.2%2.7%% of Total

7436344Count
Total

100.0%48.6%45.9%5.4%% of Total

reported from diff erent animals in various origins and 
locations, including fi ve continents and forty countries 
[4, 8, 13, 15, 19]. High resistance to colistin (> 50%) 
was reported from piglets in Th ailand. It was observed 
that 4.6% of avian E. coli isolates were colistin-resis-
tant in Morocco. Resistance to colistin (3%-5%) in E. 
coli isolates from small animals was low in Sweden. 
Colistin resistance in bovine samples in Europe was 
2% [8, 20, 21]. In Vietnam, 11% of the MDR E. coli 
strains derived from food animals were resistant to 
colistin [9]. Th e high rate of resistance to colistin in 
the current study compared to other investigations 

might result from orally administrated compounds of 
polymyxins to treat calves’ intestinal disorders.

Th e screening of E. coli isolates from various an-
imal species during 2000-2014 revealed that 1% of 
samples were classifi ed as colistin-resistant cases. 
Generally, 0.4% of E. coli from several regions of the 
world were colistin-resistant cases (MIC ≥ 4 mg/L), 
whereas 32.2% of colistin-resistant isolates (overall 
prevalence: 0.1%) had mcr-1 gene in 2014 and 2015 
(13). A survey during 2010-2015 in Germany showed 
that 3.8% of E. coli isolates from various origins were 
resistant to colistin, while 79.8% of them had the mcr-
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Table 3.
Primers and PCR conditions for molecular confi rmation of isolates and mcr 1 to 5 detection. 

Amplicon 

size (bp)

Annealing 

temp. (�C)
Primer sequence (5’-3’)PrimerGenetic target

23264
ATCAACCGAGATTCCCCCAGTEco223-F

23S rRNA
TCACTATCGGTCAGTCAGGAGEco455-R

320

54

AGTCCGTTTGTTCTTGTGGCmcr1-fw
mcr-1 gene

AGATCCTTGGTCTCGGCTTGmcr1-rev

715
CAAGTGTGTTGGTCGCAGTTmcr2-fw

mcr-2 gene
TCTAGCCCGACAAGCATACCmcr2-rev

929
AAATAAAAATTGTTCCGCTTATGmcr3-fw

mcr-3 gene
AATGGAGATCCCCGTTTTTmcr3-rev

1116
TCACTTTCATCACTGCGTTGmcr4-fw

mcr-4 gene
TTGGTCCATGACTACCAATGmcr4-rev

1644
ATGCGGTTGTCTGCATTTATCmcr4-fw

mcr-5 gene
TCATTGTGGTTGTCCTTTTCTGmcr4-rev

 Figure 2. 
Agreement between antimicrobial susceptibility tests

1 gene. Th e mcr-1 was also observed in 73.68% (14/19) 
of E. coli isolates collected from dairy cows in China.

Th e role of food-producing animals in spreading 
the mcr genes, even in healthy calves, was revealed 
in diff erent countries [22]. In Belgium, the mcr-1 to 
mcr-5 genes were detected in healthy cattle, pigs, and 
poultry with the highest frequency of 77.5% (31 from 
40 isolates) found for the mcr-1 gene, 27 (67.5%) of 
which were carried out from cattle in 40 phenotypi-
cally colistin-resistant samples. In our study, although 
most isolates phenotypically were resistant to colistin, 

none of them had mcr-1 to 5 genes [22, 23].
Amongst diff erent sources, the prevalence of mcr 

genes in veal calves was low, and mcr-1 was not de-
tected in beef cattle, which is in agreement with our 
results [12]. Th e absence of mcr-positive isolates in 
our research was similar to other reports in human 
and animal specimens, such as bovine isolates, where 
these genes were not detected or the detection rate 
was low [8, 13, 24]. Th e mcr genes were reported the 
highest in the porcine and poultry collected isolates 
[25-27]. In contrast, the Islamic countries had no mcr 
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genes isolation or very low prevalence of mcr genes 
due to the lack of pig industry [28, 29]. In Saudi Ara-
bia, mcr genes were not detected until the fi rst report 
in 2016 [29]. In Iran, the fi rst mcr-1 gene detection 
from an animal source was in 2021 from a cow rectal 
swab, whereas no mcr-2 to mcr-6 genes were detect-
ed [30]. Ilbeigi et al. did not detect mcr-1 and mcr-
2 genes in 36 bovine mastitis-causing and other 571 
E. coli isolates of animal origin in Iran [28]. Howev-
er, the presence of mcr-1 in E. coli isolates recovered 
from cattle mastitis was reported in Egypt, Japan, 
and currently Greece [31-33]. Phenotypic resistance 
to colistin (with MIC ≥ 4 μg/mL) has been reported 
at 4% in bovine mastitis-causing Pseudomonas aeru-
ginosa, and the mcr-2 gene was also detected in two 
colistin-resistant isolates in Iran [34]. Th e prevalence 
of mcr-1-harboring E. coli isolated from bovine mas-
titic milk in China was 2% [24]. Th e fi rst report of 
mastitis caused by ESBL-producing, mcr-1-harboring 
E. coli was recently in Greece, where the mcr-1 gene 
was detected in 1.5% of isolates, while 22.25% of milk 
samples were phenotypically resistant to colistin [19, 
31]. Th e high rate of phenotypic colistin resistance in 
our study could be related to its use in calves’ digestive 
disorders treatment. Colistin constant consumption 
as well as other antibiotics, namely cephalosporins, 
cause the transfer of other resistance genes [7, 8, 11].

Although the detection of colistin-resistant E. 
coli isolates from ruminants or their products was not 
witnessed in some research, in 2014 the percentage of 
colistin resistance was estimated to be less than 2.5% 
for isolates from calves following cattle mastitis. Th e 
latter fi nding is contrary to the results of this study 
that only 5.4% of isolates were susceptible to colistin. 
In mastitis-causing Klebsiella pneumoniae strains, re-
sistance to colistin was also reported by 1% in France 
[35].

Extensive use of cephalosporins, sulfonamides, 
and tetracyclines in veterinary medicine may also 
play a part in colistin resistance cases and even the 
distribution of mcr genes. Moreover, the co-occur-
rence of mcr genes with tetracyclines and sulfon-
amides resistance encoding genes was recorded [16]. 
Porcine mcr-1-harboring colistin-resistant E. coli 
isolates which simultaneously were resistant to am-
picillin, gentamicin, sulfonamides, chloramphenicol, 
trimethoprim, tetracycline, or cefotaxime have also 
been reported [6]. Emerging colistin and carbapen-
ems resistance in bovine mastitis-causing Pseudomo-
nas aeruginosa was also recorded in Iran [34]. In our 
study, the higher percentage of MDR and pan-drug 
resistant isolates also confi rmed resistance to colis-
tin and other antibiotics. High rates of colistin resis-
tance have been also noted among the strains of K. 
pneumoniae producing carbapenemase in Brazil and 

Italy but they lack mcr genes, which is in line with 
our results that phenotypic and genotypic resistance 
patterns were not compatible [36]. Th is is evidence of 
PCR limitation in which a negative result in PCR does 
not indicate susceptibility to colistin. PCR cannot ex-
clude the chromosomal mechanisms of resistance, 
such as mutations, or even novel mcr genes not pos-
sessed in the test. Th erefore, a negative PCR result for 
mcr genes would have insuffi  cient predictive value for 
a colistin-susceptible phenotype [36].

Conclusion
Th e current study indicated high phenotypic re-

sistance to colistin in E. coli isolates from bovine mas-
titic milk and the signifi cant concordance between 
two phenotypically colistin susceptibility tests MIC 
and DD. However, phenotypic and genotypic resis-
tance patterns were not compatible. Th e high rate 
of colistin resistance may result from colistin use in 
dairy calves and its potential to induce resistance in 
mastitis-causing pathogens, such as E. coli. Despite 
the frequent usage of colistin in farm animals, the 
lack of mcr genes revealed that these genes were not 
widespread in veterinary and human clinical isolates 
in Iran, consistent with previous studies. Further in-
vestigations are also needed to understand the role of 
other colistin-resistance genes. Th e selection pressure 
of polymyxins in the dairy industry, even in calves, 
could provide a source of colistin resistance. Conse-
quently, the possibility of other colistin-resistance 
genes' presence and their ability to spread to humans 
could be a global risk for public health. Hence, it 
should be noted that signifi cant interruptions are re-
quired to lessen the spread of resistance to colistin in 
food animals.

Materials & Methods  
Sample collection
Th e current retrospective cohort study was planned to investigate 
the prevalence of mcr-positive isolates among E. coli (n = 74) sam-
ples from mastitic cows in a dairy farm collected from October 2018 
to February 2019. Th e severity status of all cases had been evaluated 
and recorded during sample collection. All isolates were collected 
based on National Mastitis Council guidelines. All milk samples 
were quickly transported on ice to the laboratory for microbiolog-
ical culture.

Isolation and identifi cation of E. coli
Conventional bacteriological culture was performed based on the 
National Mastitis Council (1999). To this aim, 0.01 ml of milk was 
primarily overlaid on McConkey and Blood agar and incubated aer-
obically for 24 and 48 h at 37°C, respectively. A milk sample was 
described as positive if at least two colonies of any pathogen were ob-
served on the plate. Plates with more than two diff erent colony types 
were reported as contaminated samples. Aft er morphological anal-
ysis of colonies, isolates were investigated by Gram staining. Supple-
mentary metabolic and biochemical evaluations were performed as 
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needed applying particular microbiological analyses.
McConkey-positive samples were then subcultured on eosin methy-
lene blue agar. In addition, sucrose and glucose fermentation, citrate, 
gas and H2S production, indole, and motility tests were performed 
to screen the samples for the existence of E. coli. Seventy-four E. coli 
confi rmed isolates were fi nally selected to be included in the study.

Molecular confi rmation of E. coli isolates 
To confi rm the presence of E. coli, biochemically-positive samples 
were reanalyzed by PCR. For DNA extraction, 250 μl lysis buff er (0.2 
M NaOH, 1% SDS, pH=8) and 250 μl Tris-EDTA buff er (100 mM 
Tris, 10 mM EDTA, pH=8) was fi rst added to 200 μl of milk samples. 
Next, 550 μl phenol was added to the mixture. Th e supernatant was 
rinsed twice with phenol aft er 5 min centrifugation at 6000 rpm. Fol-
lowing the addition of 0.1 of 3.0 M sodium acetate (pH = 5.2), DNA 
was precipitated by ethanol and redissolved in distilled water aft er 
drying. Aft erwards, 1 μg of extracted DNA was used to perform PCR. 
Th e primers were synthesized according to Riff on et al. (37). Th e de-
tails are given in Table 3.

Antimicrobial susceptibility testing 
A) Disk Diff usion Test: A total of 74 E. coli sam-

ples confi rmed by bacteriological tests were selected to evaluate 
antibiotic susceptibility status to ceft riaxone (30 μg), colistin 
(10 μg), ampicillin (10 μg), tetracycline (30 μg), gentamicin (10 
μg), enrofl oxacin (5 μg), and trimethoprim-sulfamethoxazole 
(1.25+23.75 μg) disks by DD method. Th e diluted samples were 
equivalent to a 0.5 McFarland standard cultured on Mueller Hin-
ton agar media. Aft er overnight incubation at 37°C, the inhibitory 
zone was measured, and the susceptibility of samples was recorded 
by comparing to the standards of the CLSI and García-Meniño et 
al. study for colistin (17). However, the CLSI recommended the 
broth microdilution method as the gold standard for colistin sus-
ceptibility testing. We included the DD test in our with the cut-off  
value of ≤ 13 mm suggested by García-Meniño et al. to evaluate 
agreement with the gold standard method. Using a cut-off  value of 
≤ 13 mm, as inhibition zone diameter,have increased the sensitivity to 
100% with a specifi city of 98.7% (17). Isolates with antimicrobial re-
sistance against at least three examined antibiotics other than colistin 
were considered MDR.

B) Evaluation of minimum inhibitory concentrations of 
isolates: To determine the MIC of isolates, the broth microdilu-
tion method was performed based on ISO standards for coliforms. 
Pure colistin sulfate powder (Sigma-Aldrich, Merck KGaA, Ger-
many) was dissolved in distilled water and then kept at -80°C until 
the test, at the fi nal dose of 1024 μg/ml. Cation-adjusted Mueller 
Hinton broth culture medium was poured into polyester pellets 
aft er preparation. For each of the tested isolates, eight serial con-
centrations of colistin from 1 to 128 μg/ml were added to the me-
dia. Aft er overnight incubation, 50 μl of each sample equal to the 
standard concentration of 0.5 McFarland was added to each well 
and then incubated for 16-20 h at a temperature of 35°C ± 2°C. 
Th e MIC value was calculated based on the lowest concentration 
that completely inhibited bacterial growth.

Molecular detection of mcr-1 to 5 resistance 
genes

 Th e presence of mcr-1, mcr-2, mcr-3, mcr-4, and mcr-5 genes in all the 
isolates were analyzed by Multiplex PCR to evaluate the plasmid-me-
diated colistin resistance genes. All reactions were accomplished in a 
fi nal volume of 25 μl. Multiplex PCR screened the existence of mcr-1 
to 5 in isolates with the primers synthesized based on Rebelo et al. 
study (38). A volume of 1 μl of extracted DNA templates was added 
to 12.5 μl of master mix buff er solution, 10 ρmol of each 10 forward 

and reverse primers, and 9.5 μl of distilled water in a 0.5 ml micro-
fuge tube. Aft er applying a pre-PCR step at 94°C for 15 min, 25 cycles 
were run under the following condition: denaturation at 94°C for 30 
sec, annealing at 58°C for 90 sec, and extension at 72°C for 60 sec. 
To fi nalize the reaction, the preparation was held at 72°C for 10 min 
following the last cycle. Th e details of the PCR protocol are summa-
rized in Table 3. A 1.7% agarose gel stained with 0.5 mg of ethidium 
bromide/ml was used, and the agarose gel was fi nally visualized un-
der UV light.
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Ectopic migration of Fasciola sp. in the lung of a water buff alo 

(Bubalus bubalis)

Th ere are few reports of ectopic fasciolosis in the lungs of ruminants. Here, we report a rare case 
of ectopic pulmonary migration of Fasciola sp. in a water buff alo (Bubalus bubalis). In October 
2021, during the routine veterinary inspection of the carcass and edible off al of a 3-year-old female 
buff alo in Tabriz industrial slaughterhouse, Iran, a severe liver infection with Fasciola parasites 
was observed. Th ey were diagnosed as Fasciola hepatica based on size and gross morphology. One 
3-cm fl uke was recovered from the caudal lobe of the buff alo’s right lung. Histopathologically, 
chronic active pneumonia, along with mild interstitial fi brosis, alveolar septa and pleura thicken-
ing, and necrosis associated with severe mixed infl ammatory cell infi ltration was observed in the 
aff ected lung. Th is case was observed for the fi rst time in over 15 years of buff alo carcass inspection 
in the study area, indicating that pulmonary fasciolosis is rare in Bubalus bubalis.
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Introduction  

Fasciolosis is a worldwide distributed zoonotic 
food- and waterborne infection. A wide range 

of domestic and wild animals as well as humans get 
infected mainly with F. hepatica and F. gigantica [1]. 
In addition, intermediate forms that occur aft er inter-
specifi c hybridization between these two species are 
present in geographical areas in which both species 
are endemic [2]. Th e economic impact of fasciolosis 
on livestock production, which is estimated to exceed 
3 billion USD/year, results from sudden death due to 
acute infections, high condemnation of infected liv-
ers at abattoir inspection, costs of anthelmintic treat-
ments, as well as a reduction in body condition score, 
milk yield, and live weight gains [2]. 

Mammalian hosts acquire the infection via in-
gesting food or water contaminated with metacer-
cariae. Once in the small intestine, metacercariae ex-
cyst within an hour in the duodenum, releasing the 
juvenile stage, which penetrates the host’s intestinal 
wall and appears in the abdominal cavity in approxi-
mately 2 hours. Most worms reach the liver within 6 
days and migrate through the liver parenchyma for 
5-6 weeks, preferentially feeding directly on the liver 
tissue. Th ey eventually enter the bile duct where they 
mature sexually and initiate egg production [3]. Fur-
thermore, it has been suggested that immature fl ukes 
may enter the bloodstream and be carried to various 
parts of the body or may reach the liver by traveling 
up in the bile duct. If the fl ukes fail to reach the he-
patic biliary tree, they die in the abdominal cavity and 
other parts of the body [4]. 

Normally, the metacercariae of Fasciola cross the 
duodenal wall, migrate actively across the peritoneal 
cavity, and reach the bile ducts by penetrating Glis-
son’s capsule and the liver parenchyma. However, 
some are lost on the way and occasionally grow in the 
peritoneal cavity or other ectopic foci. In humans, ec-
topic lesions are reported more frequently in the gas-
trointestinal tract and subcutaneous tissues. However, 
they are also found in the heart, blood vessels, pleural 
cavity, lung, abdominal wall, peritoneum, pancre-
as, spleen, stomach, appendix, cervical and inguinal 
lymph nodes, skeletal muscle, brain, eyes, and epidid-
ymis [3]. In ruminants, there have been few reports 
of ectopic fasciolosis in the lungs of cattle [5-8], sheep 
[9], and goats [10]. A relationship between foodborne 
trematodes and proximity to fresh water has already 
been demonstrated [11], which matches the habits of 
water buff aloes (Bubalus bubalis). To our knowledge, 
there are only two reports of erratic parasitism found 
in the lungs of water buff aloes in India, indicating the 
rarity of its occurrence [12, 13].  

According to the latest offi  cial reports, nearly 

224,000 water buff aloes live in 16 of 31 provinces of 
Iran. Almost 94% of buff aloes are reared in four prov-
inces of Khoozestan, West Azerbaijan, Ardabil, and 
East Azerbaijan. Th ey are raised traditionally and are 
used for meat and milk production. In 2020, approx-
imately 27% (6549/24275) of slaughtered buff aloes 
were from East Azerbaijan province [14]. Herein, we 
report a case from a slaughtered buff alo in East Azer-
baijan province, Iran.

Case Presentation  
In October 2021, during the routine veterinary 

inspection of the carcass and edible off al of a 3-year-
old female buff alo in the Tabriz industrial slaughter-
house, a severe liver infection with Fasciola parasites 
was observed. Based on the size and gross morphol-
ogy, the parasites were diagnosed as F. hepatica. One 
mature Fasciola trematode ca. 3 cm was recovered 
from the caudal lobe of the buff alo’s right lung (Figure 
1). Th e lung tissue samples were collected for histo-
pathological evaluation. Th e tissue was fi xed in 10% 
buff ered formalin, processed routinely, sectioned at 
5 μm thickness, stained with hematoxylin and eosin 
(H&E), and fi nally, studied using a light microscope.

Microscopically, chronic active pneumonia in the 
aff ected lung was observed. in addition, mild intersti-
tial fi brosis increased alveolar wall and pleura thick-
ness, and necrosis associated with mixed infl amma-
tory cell infi ltration was found. Infl ammatory cells 
included lymphocytes, macrophages, plasma cells, 
neutrophils, and eosinophils (Figure 2). Although no 
parasite sections were observed, the histopathological 
lesions were suggestive of a parasitic infection.

Figure 1. 
Mature Fasciola helminth ca. 3 cm isolated from the caudal lobe 
of the right lung of water buff alo (Bubalus bubalis); A) prominent 
anterior cone (arrow) and B) anterior end in focus. Note the oral 
sucker (arrow) and the acetabulum (asterisk). 
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Discussion  
Here, we report a rare case of ectopic migration 

of Fasciola sp. in the lung of a water buff alo (Bubalus 
bubalis). Ectopic manifestations usually appear short-
ly aft er infection. However, the route of migration 
toward ectopic sites is still unknown, and diff erent 
hypotheses have been proposed. For instance, it has 
been suggested that migration occurs during the acute 
phase through blood vessels or soft  tissues [8]. Fur-
ther experimental studies using diff erent infectious 
doses of metacercariae are needed to elucidate the 
mechanisms underlying ectopic migrations. 

Th is case was observed for the fi rst time during 15 
years of buff alo carcass inspection in the study area, 
indicating that pulmonary fasciolosis is rare in Bub-
alus bubalis. Th ere is only scarce information on the 
frequency of pulmonary fasciolosis in water buff aloes 
in the literature [12, 13]. In cattle, the predominant 
location of ectopic fasciolosis is the lung, and pul-
monary fasciolosis has been observed in 2.2% of ex-
amined animals in Sudan, of which, one also showed 
pancreatic involvement [15]. Other researchers have 
reported erratic pulmonary fasciolosis in 3.7% and 
4.1% of slaughtered cattle in Peru [5] and the US [8], 
respectively. Th e lower frequency of lung migrations 
in buff aloes needs further investigation. 

Although the live fl uke in this study did not reach 
the laboratory safely for morphometric and molecu-
lar examinations, based on the size and morphology 
(e.g., very prominent anterior cone), the worm could 
represent a young form of F. hepatica (Figure 1). It has 
been reported that ectopic fl ukes achieve maturity 

Figure 2. 
Chronic active pneumonia was 
observed in the lung of the pa-
tient, H&E staining. Mild fi bro-
sis (a: arrow), increased alveolar 
wall (b: small arrow) and pleura 
thicknesses (b: large arrow), and 
necrosis (c: small arrow) associat-
ed with mixed infl ammatory cell 
infi ltration (c: large arrows) were 
found. Infl ammatory cells includ-
ed lymphocytes, macrophages, 
plasma cells, neutrophils, and eo-
sinophils (d: arrows). 

only rarely [3]. However, small lung nodules isolat-
ed from experimentally-infected calves were found 
either calcifi ed or containing live specimens of F. he-
patica [16]. In the latter study, live fl ukes recovered 
from the lungs were stunted in their development but 
sometimes contained mature eggs [16]. In contrast, in 
an abattoir-based study in Peru, fl ukes were pale pink 
to greyish-brown and sized 10.36 ± 3.44 mm long and 
4.31 ± 0.97 mm wide, with no evidence of oviposition 
[5], suggesting that despite maturation in size, the 
fl ukes may not reach sexual maturity in the lungs. 

Pathological lesions in this study were not spe-
cifi c, and no migratory track was present. In ectopic 
lesions, the common pathologic eff ects are due to the 
migratory tracks that cause tissue damage with in-
fl ammation and fi brosis. Flukes may then be calcifi ed 
or contained in a granuloma [3]. In cattle and sheep, 
lung pathological alterations result from chronic ir-
ritation of the alveoli which are somehow related to 
the loss of their respiratory function followed by the 
thickening of the interalveolar septa or occlusion of 
the alveoli by foreign materials [6, 16]. Furthermore, 
secondary viral and bacterial infections may occur 
due to parasite migration into the lung parenchyma 
[6, 8] which were not observed in this case. 
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Uterine Horn Intussusception in a Chihuahua Bitch 

Uterine horn intussusception has rarely been reported in bitches. However, the pathogenesis is not 
entirely clear and the incidence of uterine intussusception in bitches is unknown. Th is disorder oc-
curs during the postpartum period and is a challenging clinical condition in terms of presentation, 
diagnosis, and management. In this report, a case of uterine horn intussusception is described in a 
four-year-old female Chihuahua bitch, which presented with abdominal pain, lethargy, anorexia, 
tremors, recumbency, and ongoing reddish vaginal discharge 20 days aft er whelping two pups. All 
the hematological and biochemical test results were within normal ranges except for a decreased 
calcium level. Ultrasonographic examination revealed the multilayered appearance of the uterine 
wall. Th e midline laparotomy confi rmed the invagination of a proximal segment of the uterine 
horn into its distal segment near the uterine body. Ovariohysterectomy was performed as the rec-
ommended treatment. Th is case highlights the importance of assessing abdominal pain to avoid 
delay in diagnosis and management. Moreover, uterine intussusception should be considered as 
a diff erential diagnosis in bitches with the symptoms of abdominal pain during the postpartum 
period. 

Bitch, Intussusception, Postpartum period, 
Uterine horn
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Introduction  

Diff erent acquired disorders can aff ect the ca-
nine uterus during the postpartum period. 

Some of them include hemorrhage, retained placenta, 
sub-involution of placental sites, metritis, uterine pro-
lapse, and rupture [1, 2]. Uterine intussusception is a 
rare acquired disorder in bitches [3]. Th erefore, its in-
cidence cannot be estimated exactly. Th e pathogenesis 
of uterine intussusception is not very clear. Physiolog-
ical changes of the uterus during the postpartum pe-
riod, such as uterus involution and hormonal chang-
es or some pathological conditions, namely dystocia 
and retention of fetal membranes, may lead to uter-
ine intussusception [3-7]. Diagnosis of this problem 
is a challenge because of the nonspecifi c clinical signs 
and symptoms. Th is report describes a case of uterine 
horn intussusception in a Chihuahua Bitch. 

Case Presentation  

A four-year-old female Chihuahua was referred 
with a 24-hour history of lethargy, anorexia, tremors, 
and recumbency. Th e patient had a delivery 20 days 
before with an ongoing reddish vaginal discharge 
post-parturition. Her two previous pregnancies had 
been uncomplicated. She had no known trauma 
history. Th e bitch was nursing her puppies. On the 
physical examinations, although panting was initial-
ly observed, heart rate and rectal temperature were 

normal. In addition, some stiff ness in her limbs and 
inability to stand was observed, and the palpation of 
the abdominal region was painful. 

For hematological and biochemical assessment, 
blood samples were collected by venipuncture of the 
cephalic vein. Th e results of routine hematological 
and biochemical tests were within the normal range, 
except for a decreased calcium level (5.99 mg/dl, refer-
ence value: 9-10.8). In caudal abdominal ultrasonog-
raphy, the multilayered appearance of the uterine wall 
(concentric rings) was obvious which represented 
the superimposed wall layers of intussusceptum and 
intussuscipiens. Furthermore, echogenic mesenter-
ic fat was noticed in this view. Th e ultrasonographic 
fi ndings were suggestive of uterine intussusception 
(Figure 1a). Th e surgeons advised a laparotomy, and 
the dog underwent surgery aft er her condition was 
stabilized by fl uid therapy, perioperative pain man-
agement, oxygen therapy, and intravenous antibiotics. 
Confi rmed surgical fi ndings revealed the invagination 
of a proximal segment of the right uterine horn into its 
distal segment near the uterine body which confi rmed 
uterine horn intussusception (Figure 1b). Th e manu-
al reduction of intussusception was successfully per-
formed by gentle pulling and the retrograde milking 
of the intussusceptum out of the intussuscipiens (Fig-
ure 2a). Th e intussuscipiens segment was distended 
without any signifi cant abnormalities in the appear-
ance of the aff ected uterine horn, and no adherence 
areas were observed (Figure 2b). An ovariohysterec-

Figure 1.
 a) Transverse ultrasonographic image of uterine intussusception, the inner uterine wall is identifi ed within the outer uterine wall 
surrounded by echogenic mesenteric fat; b) Right uterine horn intussusception (arrow) near the uterine body
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Discussion  

tomy was performed following obtaining the owner's 
consent.

Uterine intussusception is a rare condition in 
small animals, which has only been described in a 
few cases. To date, only less than ten case reports of 
bitches with this condition were published in the lit-
erature. Among these cases, only three were described 
in the English literature [3, 8, 9], while Brazilian vet-
erinarians have reported three cases in Portuguese [3, 
4, 8, 10, 11] and one case in Spanish [12]. Th e female 
dogs aff ected by uterine intussusception have been of 
various breeds, including Chow Chow [8], Golden 
Cocker [12], Yorkshire Terrier [10], crossbred [11], 
American Bully [3], Shih Tzu [4], German Shepherd 
[9], and Chihuahua. Uterine intussusception has also 
been previously reported in a nulliparous sheep [13] 
and a Th oroughbred broodmare [14]. 

Th e possible pathogenesis and complete clinical 
manifestations are not very clear due to the rarity of 
this condition. Th e tubular anatomical structure of 
the uterus and its ability for contraction and expan-
sion may predispose it to intussusception [3]. In the 
cases of Chow Chow [8] and Yorkshire Terrier [10], 
the bitches were in the proestrus phase and immi-
nent delivery, respectively. In other case reports [3, 
4, 12], uterine intussusception was described in the 
postpartum period, as for a Chihuahua described in 
this paper. Th erefore, it seems that uterine intussus-
ception predominantly occurs during the postpartum 
period. Th is period is characterized by uterine involu-
tion which is completed when the uterus diameter re-

turns to the original non-pregnant size. Furthermore, 
it was suggested that the normal involution process 
of the uterus is slow in the bitches and can last about 
3 months [15]. During the postpartum period, phys-
iological changes, involving the regeneration of the 
uterine tract [5], distention of uterine ligaments [3], 
and hormonal changes, including decreased or in-
creased estrogen concentration [4], may be associated 
with uterine intussusception in this period. Moreover, 
uncoordinated peristalsis along the uterine tube may 
contribute to this condition [13, 16]. Uterine horn 
intussusception may be associated with prolonged 
dystocia because of the more atonic condition of the 
uterus [11]. Retained fetal membranes combined with 
prolonged straining and injudicious traction on a re-
tained fetal membrane are other predisposing factors 
in this regard. Th e traction of a retained fetal mem-
brane can invert the tip of the uterine horn, thereby 
leading to the progression of prolapse [3, 7]. However, 
in the reported case, parturition was normal.

In the Chihuahua Bitch presented in this paper, 
abnormally low levels of calcium were observed. Cal-
cium is an essential element for the proper contrac-
tions of muscles, including the uterine muscles [17]. 
Low blood calcium is the leading cause of the poor 
contraction of the uterus, also known as uterine atony 
or inertia [2, 18]. Th erefore, it seems that hypocalce-
mia may be implicated in the development of uterine 
intussusception via uterine inertia. Other hematolog-
ical and biochemical values were normal in the case 
presented here. In a previous case of uterine intussus-
ception, decreased hematocrit, the total number of 
red blood cells, and hemoglobin levels were found [3]. 
In contrast, in another case report, blood laboratory 

Figure 2.
 a) Manual reduction of the invaginated uterine horn segment by a combination of milking and pulling; b) Uterine horn aft er the 
manual reduction of intussusception presenting a slight distention (arrow)



65

CASE REPORTIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Uterine horn intussusception in a bitchGhasemi  et al., IJVST 2023; Vol.15, No.1                               
DOI:10.22067/ijvst.2023.80548.1224

Confl ict of Interests
Th e authors declare that there is no confl ict of in-

terest.

References 
1. Purohit GN, Bihani DK, Gauri AA. Management of post-par-

tum genital complications in the bitch. 9-11. In, Proceeding 
of Indian Society for the advancement of canine practice, In-
ternational Canine Conference. 9-11 February, Bikaner, Ra-
jasthan, India, 2012. 

2. Singh GY, Dutt RA, Kumar SA, et al. Gynaecological problems 
in she dogs. Haryana Veterinarian. 2019;58(S.I.):8-15.

3. da Silva MF, Ilkiu AM, Rossi ES, et al. Uterine intussusception 
in immediate postpartum in bitches: case report. Braz J Vet 
Res Anim Sci. 2020;57(1):e158398-e158398.Doi:10.11606/
issn.1678-4456.bjvras.2020.158398.

4. de Oliveira Néia R, de Mello SS, Gonçalves LPR, et al. Intus-
suscepção uterina em fêmea canina Shih tzu: Relato de 
caso (Uterine intussusception in canine female Shih Tzu: 
Case Report). Pubvet. 2021;15(6):181.Doi:10.31533/pubvet.
v15n03a767.1-5.

5. Braga Paiano R, Becker Birgel D, Harry Birgel Junior E. Uter-
ine involution and reproductive performance in dairy cows 
with metabolic diseases. Animals. 2019;9(3):93. Doi: 10.3390/
ani9030093.

6. Turner RM. Post-partum problems: the top ten list. 306-319. In, 
Proceedings of the 53rd Annual Convention of the American 
Association of Equine Practitioners. 1-5 December, Orlando, 
Florida, USA, 2007. 

7. Frazer GS: Post-partum complications in the mare. Part 1: Con-
ditions aff ecting the uterus. Equine Vet Educ. 2003;15(1):36-
44. Doi: 10.1111/j.2042-3292.2002.tb01793.x.

8. Gorham MF, Spink RR. Uterine intussusception in a chow chow. 
Mod Vet Pract. 1975;56(1):35. 

9. Antonov A. A rare case of uterine body intussusception 
in a bitch. EJ-VETMED. 2022;2(4):1-3. Doi: 10.24018/
ejvetmed.2022.2.4.41.

10. Pinto Filho STL, Carus DS, Dalmolin F, et al. Intussuscepção 
uterina em uma cadela Yorkshire Terrier (Uterine intussus-

analysis showed no changes in the parameters [9].
Uterine intussusception associated with non-spe-

cifi c symptoms makes it challenging to diagnose. Th e 
most commonly observed symptoms in previous cases 
[3, 4, 8-12] and the present case report are weakness, 
muscle tremors, dyspnea, abdominal pain, and vagi-
nal discharge. Uterine prolapse was another concur-
rent clinical sign in a bitch [3]. Abdominal discomfort 
related to uterine intussusception may be caused by 
compromised circulation and pressure on nerve end-
ings [7]. Th e uterine intussusception was detected in 
the right horn of the current case. Th is condition may 
develop either on the right horn or the left  horn of 
the uterus. Uterine intussusception was previously re-
ported three times in the right [3, 10, 11] and left  [4, 
8, 12] uterine horn. 

In some previous case reports, the ultrasonogra-
phy of the abdominal cavity was not performed or was 
not possible, and a defi nitive diagnosis was obtained 
by laparotomy [4, 10]. No signs of uterine intussuscep-
tion were observed in one case of uterine intussuscep-
tion in ultrasonography examination [3]. Th erefore, it 
seems that pre-operative diagnosis is rather diffi  cult 
in such cases. In contrast, the abnormal view of the 
uterus was visible in our case as the telescoping of 
concentric rings in ultrasonography was confi rmed at 
surgery. A similar appearance in the abdominal cavity 
was reported in a case of uterine body intussusception 
in a bitch [9].

In large animals, such as horses, the manual re-
duction is oft en recommended for resolving uterine 
horn intussusception in aff ected mares. If the cases 
become nonresponsive, surgical intervention, includ-
ing partial or total hysterectomy, is required [7, 19]. 
Th ere is no defi ned non-surgical treatment for this 
condition in bitches. Ovariohysterectomy is the treat-
ment of choice in small animals [20]. 

In conclusion, uterine intussusception must be 
considered as a diff erential diagnosis for abdominal 
pain in bitches during the postpartum period. Th is 
condition is quite rare, which limits the overall knowl-
edge and understanding of this problem. Research on 
uterine intussusception epidemiology, pathophysiol-
ogy, and diagnosis is required for eff ective manage-
ment.

Ethical Approval
Th is case reports details the management of a 

clinical case that was a part of clinical caseload. Th e 
owner understood procedure and agrees that results 
related to investigation or treatment and the high vet-
erinary care has been performed with the consent of 
the animal owner.

Authors' Contributions
All authors have been involved in writing the arti-

cle, and accept responsibility for its content.

Acknowledgments
Th e authors gratefully acknowledge the support 

and facility provided by the Veterinary Teaching Hos-
pital of  Ferdowsi University of Mashhad, Iran.



66

CASE REPORT IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Uterine horn intussusception in a bitch Ghasemi  et al., IJVST 2023; Vol.15, No.1                             
DOI:10.22067/ijvst.2023.80548.1224

ception in a Yorkshire terrier bitch). Arq Bras Med Vet Zoo-
tec. 2015;67(1):37-40. Doi: 10.1590/1678-6590.

11. Silva DF, Carmo LM, Sousa AG, et al. Intussuscepção uter-
ina em uma cadela sem raça defi nida-relato de caso (Uter-
ine intussusception in a crossbred female dog - case report). 
Arq Bras Med Vet Zootec. 2019;71(05):1531-1534. Doi: 
10.1590/1678-4162-10938.

12. Izquierdo D, Cueto E. Intususcepción uterina. Relato de un 
caso clínico. Selecciones Veterinarias. 2013;21.

13. Smith C, Parkinson TJ, Long SE. Abattoir survey of acquired re-
productive abnormalities in ewes. Vet Rec. 1999;144(18):491-
146. Doi 10.1136/vr.144.18.491.:

14. Yang JH, Yang YJ, Kim HS. Intussusception of the uterine horn 
associated with dystocia in a Th oroughbred broodmare. Ko-
rean J Vet Res. 2004;44(1):121-124. 

15. Orfanou DC, Ververidis HN, Pourlis A, et al. Post-partum in-
volution of the canine uterus–gross anatomical and histolog-
ical features. Reprod Domest Anim. 2009;44(2):152-155. Doi: 
10.1111/j.1439-0531.2009.01388.x. 

16. Palmieri C, Schiavi E, Della Salda L. Congenital and acquired 
pathology of ovary and tubular genital organs in ewes: A re-
view. Th eriogenology. 2010;75(3):393-410. Doi: 10.1016/j.
theriogenology.2010.09.020.

17. Pehlivanoğlu B, Bayrak S, Doğan M. A close look at the 
contraction and relaxation of the myometrium; the role of 
calcium. J Turk Ger Gynecol Assoc. 2013; 14(4): 230. Doi: 
10.5152/jtgga.2013.67763.

18. Frehner BL, Reichler IM, Keller S, et al. Blood calcium, glu-
cose and haematology profi les of parturient bitches diag-
nosed with uterine inertia or obstructive dystocia. Reprod 
Domest Anim. 2018;53(3):680-687. Doi: 10.1111/rda.13157.

19. Tibary A, Pearson LK: Medical problems in the immediate 
postpartum period. 362-369. In, Proceedings of the 58th 
Annual Convention of the American Association of Equine 
Practitioners, 1-5 December, Anaheim, California, USA, 
2012. 

20. Slatter DH: Textbook of Small Animal Surgery. Vol. 2, 3rd ed., 
1495, Elsevier Health Sciences, London, 2007. 

  COPYRIGHTS
  ©2023 Th e author(s). Th is is an open access article distributed under the terms of the 
  Creative Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution, 
  and reproduction in any medium, as long as the original authors and source are cited. No 
  permission is required from the authors or the publishers.

  How to cite this article 
Ghasemi S, Emami MR, Mirshahi A, Khanzadeh P, Yal Beyranvand S, Zarezadeh MM. Uterine Horn Intussusception in a Chihuahua 
Bitch . Iran J Vet Sci Technol.2023; 15(1): 63-67.
DOI: https://doi.org/10.22067/ijvst.2023.80548.1224
URL: https://ijvst.um.ac.ir/article_43706.html



Abstracts (in Persian)

Iranian Journal of Veterinary
Science and Technology

Received: 
Accepted aft er revision: 
Published online: 

67

 چکیده

واژگان کلیدى

Rajabi et al., IJVST 2023; Vol.15, No.1
DOI : 10.22067/ijvst.2022.77084.1153

Morphometric and genetic characterization of Oestrus 
ovis

شناسایى مورفولوژى و ژنتیکى استروس اویس در گوسفندان در مناطق مختلف آب و
هوایى ایران

فیلوژنى و توالى ،PCR ، استروس اویس، گوسفند، سیتوکروم اکسیداز 1

سپیده رجبى، موسى توسلى*، بیژن اسمعیل نژاد

2022- jun-26 

2022- Nov-19
2022- Oct- 14

گروه پاتوبیولوژى، دانشکده دامپزشکى، دانشگاه ارومیه، ارومیه، ایران.

استروزیس یک نوع میاز بینى مى باشد که در اثر هجوم لارو مگس استروس اویس به وجود مى آید. ترشحات بینى و عطسه شایع ترین 
علائم بالینى در حیوانات آلوده است. لاروها به طور جدى سلامت میزبان را تحت تأثیر قرار مى دهند و باعث کاهش تولید شیر، گوشت 
و پشم مى شوند. این مطالعه بر روى گوسفند و بزهاى سه منطقه آب و هوایى ایران (نواحى ساحلى دریاى خزر، نواحى فلات کوهستانى 
 DNA  و جلگه مسطح اطراف خلیج فارس) انجام شد. لاروها بر اساس کلیدهاى تشخیصى معتبر شناسایى شدند. در مرحله بعد استخراج
DNA   به منظور شناسایى تفاوت هاى ژنتیکى و آنالیز فیلوژنى از CO1 از لاروهاى جمع آورى شده انجام گردید. تکثیر ژن میتوکندریایى

 PCR ى استخراج شده لاروها انجام شد همچنین مطالعات هاپلوتیپ و درخت فیلوژنى در توالى هاى ژن ذکر شده انجام گردید. واکنش
که تکثیر قطعه 610 جفت باز ژن میتوکندریایى CO1 را هدف قرار داد، گونه مورد نظر را تایید کرد. توالى هاى نوکلئوتیدى CO1 بدست 
آمده از این مطالعه در بانک ژن جهانى ثبت و سپس شماره هاى دسترسى به آن ها اختصاص داده شد. نتایج توالى یابى جدایه هاى استروس 
توالى هاى  با  زیادى  شباهت  و  ندارد  وجود  جدایه ها  بین  در   CO1 ژن  در  تفاوتى  که  داد  نشان  مطالعه  این  در  گوسفندان  مغز  از  اویس 
جدایه هاى استروس اویس از عراق، بوسنى، هرزگوین و کرواسى دارد. مجموعه اطلاعات مولکولى در مورد گونه هاى استروس اویس براى 
اولین بار در این مطالعه ارائه گردید که یک پایگاه داده مهم براى ارزیابى روابط فیلوژنى و شناسایى مولکولى این انگل ها ارائه مى دهد.

* نویسنده مسئول: موسى توسلى 

m.tavassoli@urmia.ac.ir
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Tomeh et al., IJVST 2023; Vol.15, No.1
DOI:10.22067/ijvst.2022.79046.1197

AMR and ESBL genes in STEC isolates of ruminant 

توزیع مقاومت ضد میکروبى و برخى از ژن هاى شایع بتالاکتاماز وسیع الطیف در فیلوگروه 
هاى مختلف جدایه هاى اشرشیا کلى تولید کننده سم شیگا (STEC) با منشأ نشخوارکنندگان

اشرشیا کلى،STEC, (AMR)مقاومت ضد میکروبى   ESBL، blaCTX-M، blaTEM ، فیلوگروه    

رویده طعمه، مهدى عسکرى بدوئى، غلامرضا هاشمى تبار*، حمیده کلاته رحمانى

2022- Oct-12

2022- Dec-22
2022- Dec-14

گروه پاتوبیولوژى، دانشکده دامپزشکى،دانشگاه فردوسى مشهد، مشهد، ایران.

 (STEC) در جدایه هاى اشرشیا کلى تولید کننده سم شیگا (ESBL) داده هاى کمى پیرامون شیوع ژن هاى بتالاکتاماز وسیع الطیف
 (blaOXAو ESBL (blaCTX-M, blaTEM, blaSHV با منشأ نشخوارکنندگان وجود دارد. این مطالعه، شیوع مولکولى ژن هاى رمز کننده ى
و مقاومت ضد میکروبى 58 جدایه STEC بدست آمده از گاو (32)، گوسفند و بز (26) را تعیین مى کند. در مطالعه حاضر، ژن هاى 
سیلین-کلاوولانیک  (آموکسى  بیوتیک  آنتى  شش  علیه  ضدمیکروبى  مقاومت  که،  حالى  در  شدند؛  شناسایى  مولکولى  روش  با   ESBL
اسید، تتراسایکلین، نئومایسین، فلورفنیکول، انروفلوکساسین و سولفامتوکسازول-ترى متوپریم) با استفاده از روش انتشار دیسک آزموده 
شد. همچنین، گروه هاى فیلوژنتیکى با استفاده از PCR مشخص گشت. جدایه ها در پنج فیلوگروه (A، B1، C، D و E) قرار گرفتند و 
B1 شایع ترین گروه (43؛ % 74/1) شناخته شد. همچنین، ارتباط معنادار بین فیلوگروه D و نشخوارکنندگان کوچک (گوسفند و بز؛ 
p = 0/014 ) آشکار شد. به علاوه، بیش ترین نرخ مقاومت ضد میکروبى مرتبط با تتراسایکلین (% 25/9) و نئومایسین (% 22/4) بود. 
 (p = 0/000) و نئومایسین (p = 0/013) ترى-متوپریم-سولفامتوکسازول ،( p = 0/001) همچنین، جدایه هاى مقاوم به تتراسایکلین
به طور معنادارى در میان سویه هاى بدست آمده از گاو شایع-تر بودند. علاوه بر این، سویه هاى داراى مقاومت چندگانه نیز در میان 
سویه هاى گاوى به صورت معنادارى (p = 0/001 ) حضور داشتند. در مطالعه حاضر، شیوع STEC هاى داراى ESBL، % 12/06 بود. ژن 
هاى blaCTX-M و blaTEM- به صورت جدا و در ترکیب با یکدیگر در سویه هاى گاوى شناسایى شدند. با این حال، تنها یک سویه ى مرتبط 
با نشخوارکنندگان کوچک، داراى blaTEM بود. در نهایت این طور به نظر مى رسد که جدایه هاى گاوى منابع قابل توجهى از مقاومت 
هاى ضد میکروبى هستند که مى تواند خطرى براى واحدهاى دامپزشکى، بهداشت عمومى و به خصوص بهداشت مواد غذایى باشد.

* نویسنده مسئول: غلامحسین هاشمى تبار

hashemit@um.ac.ir
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Kamfar et al., IJVST 2023; Vol.15, No.1
DOI:10.22067/ijvst.2023.79081.1199

Eff ects of meloxicam and fl unixin on the repair of radial bone 

ارزیابى رادیوگرافى و بافت شناسى اثرات ملوکسیکام و فلونیکسین مگلومین بر روند ترمیم 
نقیصه ي تجربى استخوان زند زبرین خرگوش

رادیوگرافى، هیستوپاتولوژى، ملوکسیکام، فلونیکسین مگلومین، خرگوش

پوریا کامفر1، سیامک علیزاده2*، محمدرضا حسین چى3

2022- Oct-16

2023- Jan-30
2023- Jan-30

1 دانش آموخته دکتراى حرفه اى دامپزشکی، دانشکده دامپزشکی، واحد ارومیه، دانشگاه آزاد اسلامی، ارومیه، ایران.
2 گروه علوم درمانگاهى، دانشکده دامپزشکی، واحد ارومیه، دانشگاه آزاد اسلامی، ارومیه، ایران. 

3 گروه علوم پایه، دانشکده دامپزشکی، واحد ارومیه، دانشگاه آزاد اسلامی، ارومیه، ایران.

هدف از این مطالعه بررسى اثرات داروهاى ملوکسیکام و فلونیکسین مگلومین بر روند ترمیم طبیعى استخوان زند زبرین خرگوش 
ماه و محدوده وزنى  مطالعه نود سر خرگوش نر سفید نژاد نیوزیلندي با میانگین سنى 10-12  متعاقب نقیصه ي تجربى بود. در این 
2/6-1/5 کیلوگرم به صورت تصادفى در سه گروه قرار داده شدند. متعاقب بى هوشى هریک از خرگوش ها با کوکتل زایلازین و کتامین، 
نقیصه اى به قطر و عمق 3 میلى متر در سطح داخلى استخوان رادیوس اندام حرکتى قدامى چپ ایجاد گردید. در گروه اول، ملوکسیکام 
و در گروه دوم فلونیکسین مگلومین و در گروه کنترل مثبت، سرم فیزیولوژى در یک دوره درمانى 10 روزه به شکل زیر جلدي تجویز 
شد. ارزیابى ترمیم نقیصه ها با اخذ رادیوگراف ها و تهیه مقاطع هیستوپاتولوژى انجام گرفت. ارزیابى تصاویر رادیوگرافى نشان داد که 
در روزهاى صفر و هفت در هر سه گروه اثرى از تشکیل کالوس در موضع نقیصه ى استخوانى مشاهده نشد. آغاز روند پر شدن نقیصه 
گروه  و 21  روزهاى 14  در  بود.  روز 21  از  مگلومین  فلونیکسین  گروه  در  و  جراحى  از  پس  روز 14  از  ملوکسیکام  و  سالین  گروه  در 
ملوکسیکام نسبت به گروه فلونیکسین مگلومین از نظر تشکیل کالوس و پرشدگى نقیصه، میانگین امتیازى بیشترى کسب نمود اما این 
میانگین امتیازى در گروه فلونیکسین مگلومین در روز 28 بیش از گروه ملوکسیکام بود و بعد از آن این نسبت تا انتهاى مطالعه در گروه 
دارد. استخوان  ترمیم  روند  تأخیر  در  کمترى  تأثیر  به فلونیکسین  ملوکسیکام نسبت  که  داد  نشان  مطالعه  این  بود.  ملوکسیکام بیشتر 

* نویسنده مسئول: سیامک علیزاده 

Si.Alizadeh@iau.ac.ir



Abstracts (in Persian)

Iranian Journal of Veterinary
Science and Technology

Received: 
Accepted aft er revision: 
Published online: 

70

 چکیده

واژگان کلیدى

Javaheri et al., IJVST 2023; Vol.15,  No.1  
DOI : 10.22067/ijvst.2023.78900.1194

Toxicity of Titanium Dioxide on Rat tissues

اثرات مواجهه خوراکى با نانوذرات دى اکسید تیتانیوم بر کبد، روده کوچک و کلیه در موش 
صحرایى توسط میکروسکوپ نورى و الکترونى

روده کوچک، کلیه، کبد، موش صحرایى، نانو ذرات دى اکسید تیتانى

راحله جواهرى 1،احمد رضا راجى*2 ، امیر مقدم جعفرى2 ، حسین نورانى3

2022-Oct- 15

2023 Apr- 23 
202-Apr-03 

1 دانشجوى دکترى تخصصى، گروه علوم پایه، دانشکده دامپزشکى، دانشگاه فردوسى مشهد، مشهد، ایران.

2 گروه علوم پایه، دانشکده دامپزشکى، دانشگاه فردوسى مشهد، مشهد، ایران.

3 گروه پاتوبیولوژى، دانشکده دامپزشکى، دانشگاه فردوسى مشهد، مشهد، ایران.

صنایع  کشاورزى،  پزشکى،  نانو  تجارى،  محصولات  از  بسیارى  در  گسترده  طور  به  تیتانیوم   اکسید  دى  ذرات  نانو 
اثرات حاضر  مطالعه  شود.  مى  استفاده  زیست  محیط  و  انسان  سلامت  براى  بالقوه  خطرات  با  دارویى  هاى  فرآورده  و  مختلف 

 غلظت هاى مختلف تیتانیوم را بررسى کرد. نانوذرات دى اکسید تیتانیوم بر روى بافت کبد، روده کوچک و کلیه در موش صحرایى 
موش  شد. 32  تجویز  ماه  مدت 2  به  گاواژ  صورت  به  بدن)   وزن  کیلوگرم  بر  گرم  میلى  روزانه (10، 20، 50  خوراکى  دوز  عنوان  به 
 Code of Ethics for Study IR) صحرایى نر به چهار گروه تقسیم شدند. پس از 60 روز، موش ها با گاز دى اکسید کربن کشته شدند
UM.REC.1400.327). بررسى هیستوپاتولوژیکى بافت هاى کلیه، روده کوچک و کبد تیمار شده با نانو ذرات دى اکسید تیتانیوم تغییرات 
سمیت را در مقایسه با گروه کنترل نشان داد.  نتایج هیستوپاتولوژیک خون ریزى در کبد، تورم گلومرول در کلیه، التهاب و آسیب به 
میتوکندرى در سلول هاى انتروسیتى را نشان داد. براى دانستن تأثیر دوزهاى مختلف نانو ذرات بر سلامت انسان به مطالعات بیشترى نیاز است.

* نویسنده مسئول:احمدرضا راجى 

rajireza@um.ac.ir :
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Zarei et al., IJVST 2023; Vol.15, No.1
DOI :  10.22067/ijvst.2023.78055.1175

Colistin Resistance in E.coli Isolated from Mastitis

خصوصیات فنوتیپى و ژنوتیپى مقاومت به کلستین در اشرشیاکلاى جدا شده از ورم پستان 
گاوى

   MDR , اشرشیاکلاى، mcr ورم پستان گاوى، مقاومت به کلستین، ژن

محمدهادى زارعى1، سعید حسین زاده 2، هادى محب علیان3 ، محمد عزیززاده 1 ، کیانا ایراندوستى1،  
بابک خرمیان* 1

2022- Sep-13

2023- Apr-10
2023- Apr-09

1گروه علوم درمانگاهى، دانشکده دامپزشکى، دانشگاه فردوسى مشهد، مشهد، ایران. 

2 گروه بهداشت دام، دانشکده دامپزشکى، دانشگاه شیراز، شیراز، ایران.

3 گروه پاتوبیولوژى، دانشکده دامپزشکى، دانشگاه فردوسى مشهد، مشهد، ایران.

استفاده  شود.  مى  چشمگیرى  اقتصادى  خسارات  باعث  شیرى  گاوهاى  در  که  است  ملاحظه  قابل  جهانى  بیمارى  یک  پستان  ورم 
گسترده از آنتى بیوتیک ها مى تواند باعث ظهور و گسترش ژن هاى مقاومت آنتى بیوتیکى در عوامل بیمارى زاى ایجاد کننده ورم 
شیر  از  شده  جدا   E. coli هاى  نمونه  در  کلستین  به  مقاومت  هاى  ژن  خصوصیات  و  شیوع  بررسى  هدف  با  مطالعه  این  شود.  پستان 
قرار  بررسى  مورد  بیوتیکى  آنتى  مقاومت  جهت    E. coli جدایه   مجموعا 74  مطالعه،  این  در  شد.  انجام  پستان  ورم  درگیر  گاوهاى 
گرفت. حضور ژن هاى  mcr 1 تا 5 نیز، به عنوان مهمترین عامل مقاومت در برابر کلستین، با روش Multiplex-PCR بررسى شد. 
الگوهاى حساسیت آنتى بیوتیکى همه جدایه ها به هفت آنتى بیوتیک متداول در گله هاى گاو شیرى، از جمله کلستین، سفتریاکسون، 
آمپى سیلین، تتراسایکلین، جنتامایسین، انروفلوکساسین و ترى متوپریم-سولفامتوکسازول با تست دیسک آنتى بیوتیکى (DD) تعیین 
شد. در میان تمام جدایه ها، هفتاد نمونه (6/94 درصد) به کلستین مقاوم بودند. در آزمون تعیین حداقل غلظت مهارى، همه نمونه 
ها  جدایه  از  هیچکدام  در   Multiplex-PCR آزمون  در  داشت.  تطابق   (DD) دیسک  تست  نتایج  با  که  بودند  مقاوم  کلستین  به  ها 
عوامل  بیوتیکى،  آنتى  مقاومت  انتقال  در  غذا  تولیدکننده  حیوانات  مهم  نقش  علیرغم  نشد.  شناسایى   5 تا   mcr 1 مقاومت  هاى  ژن 
مطالعه  این  نبودند.  مطالعه  این  در   5 تا   mcr 1 کلستین  به  مقاومت  هاى  ژن  منبع  شیرى  گاو  در  پستان  ورم  مسبب  اشرشیاکلاى 
پلى  مصرف  نداشت.  وجود  آنها  ژنوتیپى  مقاومت  با  همخوانى  که،  حالى  در  داد؛  نشان  را  کلستین  به  فنوتیپى  مقاومت  از  بالایى  سطح 
باشد. فنوتیپى  مقاومت  بالاى  میزان  این  دلیل  تواند  مى  دیگر  مقاومت  هاى  ژن  احتمالى  وجود  و  شیرى  هاى  گوساله  در  میکسین 
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Uterine horn intussusception in a bitch

درهم روى شاخ رحم در یک قلاده سگ ماده شى هوا هوا

سگ ماده، درهم روى، دوره پس از زایمان، شاخ رحم

سمانه قاسمى*، محمدرضا امامى، على میرشاهى، پوریا خان زاده، سینا یل بیرانوند، محمدمهدى 
زارع زاده 

2023- jan-24

2023- Apr-08
2023- Apr- 05

گروه علوم درمانگاهى، دانشکده دامپزشکى دانشگاه فردوسى مشهد، مشهد، ایران

درهم روى شاخ رحم به ندرت در سگ هاى ماده گزارش شده است که پاتوژنز آن به طور کامل آشکار نیست. به هر حال بروز درهم روى 
شاخ رحم در سگ هاى ماده ناشناخته است. این اختلال در طى دوره پس از زایمان رخ مى دهد و از نظر تظاهر، تشخیص، و مدیریت 
وضعیت بالینى چالش برانگیز است. در این گزارش، یک مورد از درهم روى شاخ رحم در یک سگ ماده شى هوا هوا چهارساله که با درد 
شکمى، بى حالى، بى اشتهایى، لرزش، زمین گیریف و ترشحات واژنى قرمزرنگ مداوم بیست روز پس از زایمان دو توله مراجعه کرده بود، 
شرح داده مى شود. تمامى نتایج هماتولوژى و بیوشیمى به جز کاهش سطح کلسیم در محدوده نرمال بودند. معاینه سونوگرافى، نماى 
چندلایه دیواره رحم را نشان داد. لاپارتومى خط وسط فرورفتگى قطعه بالایى را در داخل قطعه پایینى نزدیک بدنه رحم تایید کرد. 
اواریوهیسترکتومى به عنوان درمان توصیه شده انجام شد. این مورد اهمیت ارزیابى درد شکمى را به منظور تاخیر در تشخیص و مدیریت 
برجسته مى کند. درهم روى رحم باید به عنوان تشخیص تفریقى در سگ هاى ماده در دوره پس از زایمان باید مورد توجه قرار بگیرد.

* نویسنده مسئول: سمانه قاسمى

s.ghasemi@um.ac.ir
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    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. Th e corresponding author should provide all co-authors with information regarding the manu-
script, and obtain their approval before submitting any revisions.

3. Th 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. Th ere is no cost to the reader or author. All costs are covered by 
the Ferdowsi University of Mashhad Press.

COPYRIGHT

Copyright on any open access article in the Iranian Journal of Veterinary Science and Technology, 
published by Ferdowsi University of Mashhad Press is retained by the author(s).
• Authors grant Ferdowsi University of Mashhad Press a license to publish the article and identify 

itself as the original publisher.
• Authors also grant any third party the right to use the article freely as long as its integrity is main-

tained and its original authors, citation details, and publisher are identifi ed.
Th e Creative Commons Attribution License 4.0 formalizes these and other terms and conditions of 
publishing articles. Th e Copyright assignment form can be downloaded from the IJVST website.

SUBMISSION

Authors should submit their manuscript in electronic format directly through the IJVST website 
(ijvst.um.ac.ir) along with a letter to the editor signed by the author to whom correspondence should 
be addressed. Please ensure that Email addresses are university/governmental addresses and full 
postal addresses are included on the title page of the manuscript. Th e following fi les and forms can 
be downloaded from the IJVST website:
 Manuscript (template fi le can be downloaded from the IJVST website)
 Title page (template fi le can be downloaded from the IJVST website)
 Tables (template fi le can be downloaded from the IJVST website)
 Endnote manuscript library fi le (Vancouver style can be downloaded from the IJVST website)
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PREPARATION OF MANUSCRIPT

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

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

Review Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduc-
tion, appropriate sections dependeing to the subject, Conclusions and future directions. Tables and 
fi gures should be appended as individual fi les. Th e review article should provide an update on recent 
advances 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, Introduction, 
Case Presentation, Results and Discussion, and References. Case reports should not exceed 2000 
words (excluding the references) and should include no more than two tables or 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. Th 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.

Title Page
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 

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

For further information, please contact the Editorial Offi  ce:
Iranian Journal of Veterinary Science and Technology
Email: ijvst@um.ac.ir; 
Tel: +98 51 3880-3742
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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. Th 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/mate-
rials/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 ‘Th e authors declare that there is no confl ict of interest’. Th 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 keywords, fol-

lowing the abstract and preferably chosen from the Medical Subject Headings (MESH). Keywords 
should express the precise content of the manuscript.

Introduction
Introduction should be as concise as possible, and clearly explain the main objective and hypoth-

esis of the investigation.

Results
Results indicate the results of an original research in a clear and logical sequence. Do not repeat 

data that are already covered in tables and illustrations. In manuscripts describing more than one 
animal, all animals should be assigned a case number.

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

Materials and methods
Materials and methods should be described in suffi  cient details to allow other researchers to re-

produce the results. Specify any statistical computer programs used .Th e methods of data collection 
and use of statistical analysis will be checked by the referees and if necessary, a statistician. Drugs and 
therapeutic agents, reagents, soft 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 (https://arriveguidelines.org/) 
guidelines and the authors should clearly indicate in the manuscript the ethical code of the study.

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

Mouse beta actin gene: Actb
Bovine beta actin gene: ACTB
Chicken beta actin gene: actb
Beta actin protein: ACTB

Quantitative PCR: If the quantitative PCR method has been used, the related section in Materials and 
Methods 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, Vandes-
ompele J, Wittwer CT. Th e MIQE guidelines: minimum information for publication of quantitative real-time PCR 
experiments. Clin Chem. 2009 Apr;55(4):611-22.

Th e following information must be provided in the section: 

Protocol for DNA/RNA extraction, including quantifi cation and determination of purity; 

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

qPCR: sequence of forward and reverse primers, probes, amplicon size, accession number of Genebank;
thermocycler parameters (i.e. denaturation, annealing and extension steps, number of cycles, melting curves); 
validation of PCR products; non-template controls for reverse transcription and qPCR should be included in all reac-
tions; 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-
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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 soft 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 monitor the disease by measuring their blood glucose levels 
with a glucose meter but Song and Lipman [6] have concerns about how well this is managed.

References for the above example: 
1. Hull J, Forton J, Th 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 wilder-
ness medicine. Oxford: Oxford University Press; 2015.

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

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

6. Liaw S, Hasan I, Wade, V, Canalese R, Kelaher M, Lau P, et al. Improving cultural respect to improve Aboriginal health 
in general practice: a multi-perspective pragmatic study. Aust Fam Physician. 2015; 44(6):387-92. Doi: 10.1001/arch-
neur.62.1.110.

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 results shown 
in the table. Use of vertical rules must be avoided. Tables should be self-explanatory, and clearly ar-
ranged. 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 num-
bered 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.
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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). Th 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.

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; 13(4):e1002128.
Th e bar diagrams should be provided in color and in a well-designed and professional format. 

Please do not use diff erent shades of gray. Th 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. Th e editors and publisher 
reserve the right to reject illustrations or fi gures based upon poor quality of submitted materials.

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. 

Use of Italics
 Gene symbols, Latin terms (i.e. in vivo, in vitro, ex vivo, in utero, in situ, and etc.) and species 
scientifi 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).



IJVST 2023; VOLUME 15; NO. 1Publication Ethics

Publication Ethics

81

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

PUBLICATION ETHICS 

Iranian Journal of Veterinary Science and Technology is aligned with COPE’s (Committee on 
Publication Ethics) best practice guidelines for dealing with ethical issues in journal publishing and 
adopts the COPE guidelines. Th 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:

Authorship Criteria
IJVST requires authors to confi rm that they and their co-authors meet all four criteria for author-

ship based on the guidelines of Th e International Committee of Medical Journal Editors (ICMJE) 
(verbatim as follows):

1. Substantial contributions to the conception or design of the work; or the acquisition, analysis, or 
interpretation of data for the work; AND 
2. Draft ing the work or revising it critically for important intellectual content; AND 
3. Final approval of the version to be published; AND 
4. Agreement to be accountable for all aspects of the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are appropriately investigated and resolved.

Th e section “Author Contributions” in the manuscript should illustrate and clarify who contribut-
ed to the work and how. If a contributor does not meet all four above criteria should be acknowledged 
in the “Acknowledgements” section of the article.

Author agreements and confl ict of interest
Written authorization from all authors for publication of the article is mandatory for IJVST to start 

the review process. Th is form entitled “Confl ict of interest declaration and author agreement form” 
must be signed and completed by all authors. Th is statement and signatures certifi es that all authors 
have seen and approved the manuscript being submitted. Also, the authors by signing this form war-
rant 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.

Editors and members of editorial board as authors
Editor and members of editorial board are excluded from publication decisions when they are au-

thors or have contributed to a manuscript.
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Ethical guidelines for Peer reviewers
Iranian Journal of Veterinary Science and Technology (IJVST) follows and adheres to COPE Eth-

ical Guidelines for Peer Reviewers.  IJVST peer reviews all submitted manuscripts with contents in 
the scope of the journal. Th e process has been explained in the section “Peer Review Process”. 
 
Ethical guidelines for Editor

Iranian Journal of Veterinary Science and Technology regarding the responsibilities of the editors 
follows and adheres to COPE Ethical Guidelines for editors.  Th e main guidelines are summarized in 
the guide to ethical editing from COPE. 
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PEER REVIEW PROCESS
 
Iranian Journal of Veterinary Science and Technology peer reviews all submitted manuscripts with 
contents within the scope of the journal.

Initial assessment 
Th 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
Th e initial screen will be performed by the editorial offi  ce for the structure and format of the manu-
script. 

Peer review (double-blind)
Th e manuscripts which are found to be appropriate aft 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. Th 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. 
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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