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Evaluation of the antibacterial activity of cLFchimera
and its synergistic potential with vancomycin against
methicillin-resistant Staphylococcus aureus
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Frequent and unlimited use of antibiotics caused the development of antibiotic resistance by microorganisms. Therefore,

there is an urgent need to discover novel antibacterial agents or a combination of agents as a safe treatment strategy for

various infections. In the present study, the synergistic effects of cLFchimera, an antimicrobial peptide, and the vanco-

mycin antibiotic were evaluated using the checkerboard method against methicillin-Resistant Staphylococcus aureus

(MRSA) bacteria strain. cLFchimera had antimicrobial activity against MRSA and methicillin-sensitive Staphylococcus

aureus (MSSA) (MIC: 256 and 512 ug/mL, respectively). A synergistic effect was observed in the combination of cLFchi-

mera with vancomycin (FIC: 0.375). The results showed that at FIC concentrations, the release of cytoplasmic materials

from bacterial cells and the number of surviving cells were significantly (p < 0.05) higher and lower, respectively, than

when peptides or antibiotics were used alone. SEM electron microscopic analysis at FIC concentration showed severe

membrane damage of bacterial cells. In conclusion, the use of cLFchimera and vancomycin at FIC concentration reduces

the consumption of both substances.

Synergetic effect, Antimicrobial peptides, Antibiotics, Resis-

tant bacteria
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Introduction

taphylococcus aureus is a dominant pathogen

both in the community and within hospitals.
S. aureus is a Gram-positive bacteria which classified
as a member of the family Micrococcaceae [1]. In hu-
mans, these bacteria commonly colonize on surfaces
of the skin and the upper respiratory tract. Inflamma-
tion of lungs (pneumonia), infection of the mamma-
ry glands (mastitis), infections of the skin (impetigo),
infection of the bone (osteomyelitis), infection of the
endothelial lining of the heart and valves (endocardi-
tis), and infection in the blood (bacteremia) are some
disorders caused by S. aureus. S. aureus can also cause
food poisoning, the result of enterotoxin production
[1].

Administration of benzylpenicillin, f-lactam an-
tibiotic, was the first treatment of S. aureus infections
before the 1950s [2, 3], but producing a p-lactamase
which inactivated the P-lactam, by resistant strains
were causing increasing concern in the late 1950s [4].
Efforts were made to synthesize penicillin derivatives,
methicillin, that were resistant to 3-lactamase hydro-
lysis. Unfortunately, as soon as methicillin was used
clinically, methicillin-resistant S. aureus (MRSA)
strains were isolated [4]. We are currently in a situ-
ation where, in some cases, the glycopeptide antibi-
otic vancomycin, is the only choice for antimicrobial
therapy. However, some reports demonstrated that
vancomycin resistance-conferring genes from other
bacterial groups can be expressed in S. aureus [5].
Therefore, an imperative need to propose new an-
ti-staphylococcal agents to reduce or moderate meth-
icillin resistance in S. aureus to an existing antibiotic.

Antimicrobial peptides (AMPs), which since the
1980s have been considered a possible alternative
to existing antibiotics [6]. AMPs play an important
role in the natural defense mechanism for destroying
microbial infections [6]. AMPs have a net positive
charge and an amphipathic structure and usually con-
tain 12-50 amino acid residues [7, 8]. As is the case
with AMPs, bacterial cells are less likely to develop
resistance to AMPs because they disrupt the structure
and function of cell membranes [9].

More recently, a chimeric form of peptide named
cLFchimera has been expressed and purified in E. coli
[10] in our lab. The results of in vitro studies showed
that this peptide has antibacterial [10-12], antiviral
[13], and anticancer [14] properties. Furthermore, the
results of an in vivo experiment showed that supple-
menting E. coli challenged broilers with cLFchimera
improved villi morphology in the jejunum, restored
microbial balance in the ileum, and improved gene
expression of cytokines and tight junctions in the je-
junum of challenged birds [15]. These results revealed
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that this peptide could be nominated as an alternative
for growth promoter antibiotics.

Enhancing the efficacy, restoring the sensitivity,
and reducing the minimum effective dose of antibiot-
ics, combined with other antimicrobial agents is one
of the promising strategies[16, 17]. It has also been
demonstrated that the combined use of APMs and
antibiotics increase the bacterial killing of antibiotics
regardless of the antibiotics' mode of action [18-20].
Membrane perturbation in or pore formation on the
bacterial cell wall may enhance the uptake of antibiot-
ics and increase their antibacterial effect [21].

The present study aimed to evaluate the com-
bined effects of cLFchimera and vancomycin antibi-
otic compared with peptide alone, against methicil-
lin-resistant S. aureus bacteria. The final goal of the
present study was to determine the synergistic effects
of these compounds to decrease the effective dose of
antibiotics, thereby minimizing the potentially toxic
side effects of these drugs and reducing the chance of
antibiotic resistance.

Results

MIC determination and Check board assay

The MIC and MBC of vancomycin and cLFchi-
mera were determined using the broth microdilu-
tion method before the synergy examination, and
the highest concentration obtained was 512 pug/mL
(Table 1). cLFchimera showed weak activity against S.
aureus and MRSA in the present study (256 and 512
pg/mL, respectively). We chose commercially avail-
able vancomycin to investigate whether the combina-
tion of the cLFchimera with this antibiotic provided a
synergistic effect. In combination with a low peptide
concentration equivalent to 8-16 of its MIC (Fig. 1,
A), vancomycin had improved antimicrobial activity,
with 2-8-fold reduced MIC values (Figure 1B).

The microdilution checkboard method was car-
ried out to evaluate the synergistic effects of the an-
tibiotics combined with the cLFchimera, which were
determined as FICIs (Table 1). The combination of
vancomycin and cLFchimera had a synergic effect
against both S. aureus and MRSA giving total syner-
gism (FIC= 0.375), (Table 1).

Release of cytoplasmic material absorbing at
260 nm

Figure 2 shows that, for both bacteria, the release
of cellular content, absorbing at 260 nm, is higher
in vancomycin-treated bacteria than in cLFchimera
-treated bacteria (p < 0.05) (Figure 2A). This release
of cytoplasmic material was associated with total cel-
lular mortality (Figure 2B). As shown in Figures 2A
and 2B, the release of cytoplasmic materials and sur-

Investigation of the synergistic effect of cLFchimera and
vancomycin
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Figure 1.

Antibacterial activity of vancomycin in combination with cLFchimera. Bacterial cultures were treated with a series of concentrations
of antibiotics in the presence of a low peptide concentration equivalent to 8-16 of its MIC at 37° C overnight (A). Vancomycin had im-
proved antimicrobial activity, with 2-8-fold reduced MIC values (B). The OD600 was recorded using a microtiter plate reader. The MIC
was defined as the lowest antibiotics concentration that inhibited the bacterial growth.
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Figure 2.
Leakage of cytoplasmic material (OD at 260 nm) (A) and viable cell concentration in CFU/ml after incubation (B). Blank: without any
treatment.

Table 1.
The MIC/MBC, FIC, and FIC Index of peptide and vancomycin against bacterial strains.
. . cLFchimera (pg/ml) vancomycin (pg/ml) FIC (pg/ml) FIC index cLEchimera +
Microorganism V. .
MIC MBC MIC MBC cLFchimera Vancomycin ancomycin
S. aureus (MSSA) 256 > 512 16 32 16 8 0.375%
S. aureus (MRSA) 512 > 512 32 64 64 4 0.375%

MSSA: Methicillin-sensitive Staphylococcus aureus; MRSA: Methicillin-resistant Staphylococcus aureus; MIC: Minimum inhibitory concentration;
MBC: Minimum bactericidal concentration; FIC: Fractional inhibitory concentration ; % Total synergism

Investigation of the synergistic effect of cLFchimera and Roshanak et al., IJVST 2022; Vol.14, No.1
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vival of bacterial cells at MIC concentration of van-
comycin and/or cLFchimera in comparison with FIC
concentration of the combination of vancomycin and
cLFchimera were higher and lower, respectively (p <
0.05).

Morphological study of S. aureus treated with
peptide and vancomycin

For a better understanding of the effect of
cLFchimera, vancomycin, and their combina-
tion (cLFchimera + vancomycin) on the bacterial
morphology, the treated bacteria were observed
using SEM (Figure 3). S. aureus was treated with
cLFchimera (256 pg /mL), vancomycin (32 pg/
mL), and their combination (4 and 64 pg/mL for
antibiotic and peptide, respectively), and any
damaging effects were observed with SEM (Fig-
ure 3). The shape of the bacteria treated with van-
comycin, cLFchimera, and their combination did
not differ greatly from the control group (blank,
Figure 2A), suggesting that perhaps some molec-
ular-level mechanisms that interact with pepti-
doglycan precursors, may disrupt efflux pumps,
and cause irreversible changes in the flip-flop of
membrane phospholipids [22] and may play im-
portant roles in the synergistic action of cLFchi-
mera-vancomycin.

Discussion

Increasing the treatment difficulty and complexi-
ty regarding MRSE strains due to incorrect antibiotic
use is currently a global issue in human health. AMPs
are one of the newest and most promising classes of
potent antibacterial drugs that can be considered as
an alternative to antibiotics because they have useful
features such as broad-spectrum antimicrobial activi-
ty and distinct membrane action mechanisms and are
less likely to induce drug resistance in comparison to
current antibiotics [23-25]. Furthermore, the effects
of AMPs combined with antibiotics as a combination
therapy often exceed those of the individual drugs, re-
duce the dose of drugs to minimize adverse effects,
and thus be a way to overcome problems with toxicity
and the development of resistance [26]. AMPs facili-
tate the passage of conventional small-molecule anti-
biotics through the membrane by disrupting the cell
membrane, increasing access to these components to
the cell, and exerting synergistic effects [27, 28].

The present study confirmed the synergistic effect
between cLFchimera and vancomycin as the currently
used antibiotic, against S. aureus and MRSA strains.
When used as monotherapy, vancomycin showed

Roshanak et al., IJVST 2022; Vol.14, No.1
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moderate antibacterial activity against S. aureus and
MRSA strain, with MIC values of 16 and 32 pg/mL,
respectively. However, these antibacterial activities
were significantly improved (2-8-fold reduced MIC
values) in combination with the cLFchimera at a low
concentration equivalent to 8-16 of the MICs. In addi-
tion, a total synergistic effect was also observed for the
combination of the peptides and vancomycin against
both strains in this study by using checkerboard as-
says. Similar to our results, Wu et al., (2017) showed
that vancomycin had a high synergistic activity with a
combination of DP7 peptides against S. aureus isolates
[29].

The release of cellular content in treated samples
with cLFchimera was significantly lower than in the
antibiotic-treated groups. These results led us to hy-
pothesize that cLFchimera exerts its antibacterial ac-
tivity from other pathways instead of membrane dis-
ruption. Moreover, the results of SEM analysis showed
that cLFchimera had no visible damaging effect on
the outer layer of S. aureus as a model of Gram-posi-
tive bacteria, suggesting that maybe a molecular-level
mechanism plays an important role in the synergistic
action of cLFchimera. In this regard, Reyes-Cortes et
al. (2016) showed that this chimeric peptide mediates
its antibacterial activity by entering the cytoplasm
through translocation across the bacterial membrane
and possibly by interacting with internal organelles
[30]. Consistent with these results, Pirkhezranian et
al., using molecular simulation analysis showed that
cLFchimera and its derivatives had a higher affinity
for DNA interaction and hypothesized this chime-
ric peptide mediates its activity by intramolecular
mechanisms which is the interference of DNA related
pathways such as DNA replication [31, 32]. Moreover,
treatment of both strains with vancomycin and its
combination (vancomycin + peptide) resulted in sig-
nificantly increased release of cellular contents. Van-
comycin inhibits cell wall biosynthesis in Gram-pos-
itive bacteria by binding to D-alanine residues in the
glycopeptide chain and thereby inhibiting cell wall
synthesis [33]. Therefore, our results regarding the re-
lease of cellular content fit well with the mode of ac-
tion of vancomycin.

Our results suggest that the cLfchimera may be
used as promising synergistic agents to improve the
antibacterial effectiveness of vancomycin against S.
aureus and MRSA strains and to reduce the therapeu-
tic dose of antibiotics, thus minimizing their toxic side
effects. Overall, our results may suggest that cLFchi-
mera mediates its synergistic activity independent of
antibiotics by disrupting the cell membrane and intra-
molecular mechanisms which requires more investi-
gation in future studies.

Investigation of the synergistic effect of cLFchimera and
vancomycin
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Figure 3.
SEM of S. aureus without vancomycin (A) and with 32 pg/mL vancomycin (B), with 256 ug /mL cLFchimera (C), and with
the combination of 4 pg/mL vancomycin and 64 ug/mL cLFchimera (D).

Preparation of cLFchimera and antibiotic con-
centrations

The cLFchimera recombinant peptide developed in our pre-
vious study [10], was prepared n a sterile culture medium at 1000
mg/ml concentration and was filtered with a 0.22um filter. This
stock solution was used to prepare other dilutions [34]. Vanco-
mycin was purchased from Jaber Ebne Hayyan Pharmaceutical
Company, Tehran, Iran, and prepared according to CLSI [35].

Preparation of inoculum

The bacterial strains were obtained from the microbial collec-
tion of the Department of Food Science and Technology, Facul-
ty of Agriculture, Ferdowsi University of Mashhad. Strains were
Staphylococcus aureus ATCC 25923 and Staphylococcus aureus
(MRSA) ATCC 33591. The microbial strains were cultured in
Muller Hinton Broth (MHB) (Sigma-Aldrich) for 24 hours at 37
°C, standardized with the 0.5 McFarland standard, and antimi-
crobial tests were performed according to the instructions [36],
equivalent to 1.5 x 10° CFU/mL of microorganism.

Determination of minimum inhibitory concen-
tration

MIC was performed using the micro broth dilution as sug-
gested by the Clinical and Laboratory Standards Institution

[34]. The cLFchimera dilutions (1, 2, 4, 8, 16, 32, 64, 128, 256,
512 ug/mL) were prepared in sterile MHB. 20 pL of microbial

Investigation of the synergistic effect of cLFchimera and
vancomycin
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suspensions with an optical density of 630 nm (OD630) equal to
0.08-0.13, was added to 190 pL of each dilution in 96-well plates.
The microwell plates were incubated at 37 °C for 24 h. ELISA
reader model BioTek ELx808 was used to consider absorbance at
630 nm to determine the MICs. The protocol was repeated at the
same concentrations for each microorganism using vancomycin.
Growth medium without inoculum was used as negative control
and MIC was defined as the lowest concentration with no growth
of microorganism [37]. The experiments were repeated three
times to confirm the results.

Determination of minimum bactericidal con-
centration

100 pl of each well, in which microbial growth was not ob-
served according to the previous section, was cultured on Miiller
Hinton agar (Sigma-Aldrich). Then, the plates were incubated at
37 °C for 24 h and MBC was defined as the lowest concentration
with no observable colony of microorganism [38]. The experi-
ments were repeated three times to confirm the results.

Checkerboard assay to analyze the synergistic
interaction between cLFchimera and antibiotic

The synergistic interactions between cLFchimera peptide and
vancomycin were measured by the checkerboard method [17,
39]. Seven numerals of two-fold serial dilutions (from 2MIC to
MIC/32) of the cLFchimera and vancomycin according to ob-
tained MIC in the previous section for each microorganism were
prepared. An equal amount (25 pl) of each dilution was poured
into 96-well microplates to obtain a fixed amount of both antimi-

Roshanak et al., IJVST 2022; Vol.14, No.1
DOI:10.22067/ijvst.2021.72596.1084
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crobial peptides. Therefore, each row (and column) contained a
fixed amount of the first agent and increased amounts of the sec-
ond one. A total of 50 pl of fresh bacteria suspension (108 CFU/
ml) were added to each well and cultured at 37°C. The Fraction
Inhibitory Concentration Index (FICI) was calculated using the
following formula:

FIC, =MIC, ,/ MIC, + MIC,, / MIC,

In the above formula, MIC , and MIC, belong to compounds A and
B, respectively. MIC, , belongs to the MIC of compound A in com-
bination with B. Total synergism (FIC, < 0.5), partial synergism (0.5
< FIC, £0.75), Indifference (0.75< FIC, <2) or antagonism (FIC, >2)
between the two compounds were obtained using FIC, [40].

Survival Curve

The effect of cLFchimera and Vancomycin were evaluated and
combination on the growth of microbial strains through the con-
struction of a survival curve was illustrated [41]. The final con-
centration of suspension of the strains (adjusted to 10°-10° CFU/
ml) was added to the wells of 96-well microplates, and 50ul of
the antimicrobial agent (at MICs or FICs concentrations), was
added to each well. The bacterial strains were cultured at 37°C
for 24 h. After incubating, a 50 pl liquid from each dilution was
spread on the surface of the agar plates and were incubated at 37
°C for 24 h, eventually, the number of CFU/ml was counted. It is
worth noting that 50ul of the microbial suspensions without an-
timicrobial agents were used as a control group. Finally, survival
curves were constructed using plotting the log number of CFU/
ml against time (h).

Release of cytoplasmic material absorbing at
260 nm

The suggested method by Fadli et al. (2012) was used to measure the
release of cytoplasmic material at 260 nm. Viable cells in their expo-
nential phase were collected using centrifugation (4000 rpm for 15
min.), washed three times, and resuspended in a saline buffer solu-
tion. Three milliliters of cell suspension of approximately 108 UFC/
ml were incubated, under agitation, for 1 h at 37 °C in the presence
of the antimicrobial agent (at MICs or FICs concentrations). After
incubation, cells were centrifuged at 4000 rpm for 20 min, and the ab-
sorbance (260 nm) of the supernatant was determined using a WPA
Lightwave S2000 UV/Vis Spectrophotometer (Richmond Scientific
Ltd, England). The untreated cells (control) were corrected with buf-
fer saline [16].

Scanning electron microscopy

The bacterial strains were cultured to the logarithmic phase in 100 ml
of MHB at 37 °C. The suspension was divided into four portions. An-
timicrobials were added to three of the portions at MICs or FICs con-
centrations. The remaining portion was left untreated as a control.
The resuspension was incubated at 37 °C for 3 h, and subsequently,
the cells from all four tubes were harvested through centrifugation
and fixed with 2.5% glutaraldehyde overnight at 4 °C. Subsequent-
ly, the cells were dehydrated using sequential ethanol concentrations
ranging from 30 to 100%. The samples were gold-covered through
cathodic spraying. The morphology of the bacterial cells was ob-
served through scanning electron microscopy (SEM, LAO-1450VP,
Germany) [17] .
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Serotonin (5-HT) plays an underpinning role in appetite regulation and the opioid system has a role in the modulation
of the ingestion behavior in birds. The current survey was aimed to evaluate the effect of opioid receptors on sero-
tonin-induced hypophagia in neonatal broilers. During experiments, food-deprived chickens received intracerebro-
ventricular (ICV) injection and thereafter, the cumulative food intake was measured after 30, 60, and 120 minutes. In
experiment 1, to determine the effective dose of serotonin, the control solution and the various doses of serotonin (2.5,
5, and 10 ug) were administered to birds. In the second experiment, groups received not only the control solution, but
also an effective dose of serotonin (10 pg), p-opioid receptor antagonist (B_FNA, 5 pg), and a co-injection of p_FNA
(5 pg) and serotonin (10 pg), respectively. The next experiments were similar to the second experiment, however, in
place of f_FNA, the antagonist of k- opioid receptor (nor_BNI, 5 ug), the - opioid receptor antagonist (NTI, 5 pg), and
the agonist of u opioid receptor (DAMGO, 62.25 pmol) were used in experiments 3, 4, and 5, respectively. The results
showed a dose-dependent hypophagic impact of serotonin. This effect was attenuated by _FNA; however, nor_BNI and
NTTI had no effect. Furthermore, the diminishing effect of serotonin on food consumption in chickens was strengthened
following DAMGO administration (p < 0.05). According to the results, the hypophagic effect of serotonin is possibly

mediated through p opioid receptors in neonatal broilers.
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he appetite regulation is one of the interest-

ing topics for research in physiology and nu-
trition sciences nowadays. Ingestion habits are mod-
ulated via external factors such as environmental and
dietary alterations as well as the internal ones, those
are in relevance with the gastrointestinal, hormonal,
and brain elements [1]. In this respect, central con-
trol of appetite is related to the function of various
neurotransmitters and related neuronal pathways
in the central nervous system (CNS) [2]. Serotonin
(5-hydroxytryptamine, 5-HT) is a monoamine neu-
rotransmitter with some roles in physiologic func-
tions such as sleep, circadian rhythm, motor control,
pain perception, and behaviors such as mood, anxi-
ety, aggressiveness, depression, and so on [3-5]. The
serotonergic neurons are primarily located in the ra-
phe nuclei, central grey and reticular formation in the
CNS, and seven main classes of 5-HT receptors called
5-HT1-5-HT7, have been discovered and categorized
as G protein-coupled receptors (GPCRs) [6]. It has
been revealed that the central serotonergic system has
a key role in the modulation of the ingestion behav-
ior in different species. Based on the former studies,
the ICV injection of 5-HT decreased food intake in
chickens [7-10].

It has been demonstrated that opioids are a kind
of inhibitory neurotransmitters in the brain. The opi-
oid receptors are categorized into three main types
containing mu (p), delta (§8), and kappa (x) [11].
Opioid receptors exist within the vast regions of the
CNS especially septo-hypothalamic one [12]. A myr-
iad of studies has illustrated the effect of the central
opioidergic system on pain perception, respiration
control, and immune system response [13]. Recent-
ly, the interest to study the effect of central opiates in
the regulation of food intake has increased [14]. But
it seems that the involvement of endogenous opiates
in food intake has been assigned controversial results.
For example, in mammals, the ICV injection of -
and §-, receptors' agonist increased food intake while
k-opioid one had no same effect [15,16]. However, in
avian species, the ICV injection of u-opioid receptors
agonist could decrease food consumption, and the
administration of §- and k-opioid receptors agonists
enhanced it [17]. Based on the literature, similar to
mammals, 6 opioid peptides encrypted by proenkeph-
alin (PENK), pro-opiomelanocortin (POMC), prody-
norphin (PDYN), and 4 opioid receptors were con-
sidered as highly-preserved ones in chickens. Also, it
has been suggested that the ligand-receptor pairs of
the chicken opioidergic system are similar to those
of mammals, while it is not identical [18]. By taking
into consideration of revealed differences among spe-
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cies, several studies showed that the feeding behav-
ior was stimulated by p-opioid receptor activation in
broilers [19,20]. Presumably, food intake behavior is
controlled via neuroendocrine and the balance of en-
ergy is a complex process in which a whole host of
overlapping integrated pathways have potential roles.
In this view, the possibility of the interaction between
endogenous opioids and other neurotransmitters has
been suggested by different research studies [21-23].
To exemplify, in some previous studies, the interac-
tion of the central opioidergic system with oxytocin,
histaminergic, and dopaminergic systems have been
demonstrated [24-26].

In terms of the interplay between the opioidergic
and serotonergic systems at the level of the CNS, sev-
eral studies, such as those on nociception, have de-
tected an interaction between these two systems [27].
However, there is no report available concerning the
evaluation of possible interconnection between these
two systems in food intake behavior, especially in avi-
an species. Since different opioid receptor subtypes
were found in raphe nuclei in which 5-HT are the ma-
jor neurotransmitter [28], and in consideration of the
effects of both opioidergic and serotonergic systems
on appetite, we designed and performed this study
to investigate the possible effect of the central opioid
system on feeding behavior related to serotonin in
broilers.

In the first experiment, the ICV injection of 2.5 ug
serotonin had no important effect on food consump-
tion in comparison with the control in none of the
time points (p > 0.05), while the ICV administration
of 5 and 10 pg of serotonin noticeably and dose-de-
pendently declined the consumption of food com-
pared with the control group at all the time-points (p
< 0.05). The results suggested a dose-dependent hy-
pophagic impact of serotonin on the eating habit of
neonatal meat-type chicken (Fig. 1).

Regarding experiment 2, the hypophagic effect of
serotonin was remarkably attenuated by 3_FNA pre-
treatment in chickens compared to the control group
at all the time points (p < 0.05). In addition, p_FNA
alone did not affect food intake. The data suggested
that the hypophagic effect of serotonin was mediated
through the central receptors of u opioid in broilers
(Fig. 2).

In the next experiment neither ICV administra-
tion of 5 ug nor_BNI nor ICV co-injection of 5 pg
nor_BNI plus 10 pg serotonin altered the hypophagic
impact of serotonin at different time points compared
with the control group (p = 0.05). These results sug-
gested that the hypophagic effect of serotonin was not

Role of central opioid receptors on serotonin-induced
hypophagia in broilers
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mediated via the central kappa opioid receptors in
chickens (Fig. 3).

In the fourth experiment, administration of 5 ug
NTI made no major change in cumulative food con-
sumption compared to the control group at all the
time points. The hypophagic effect of serotonin was
not altered by the addition of 5 ug NTI and 10 ug se-
rotonin rather than the control group at all times (p >
0.05). This information suggested that, regarding the
hypophagic effect of serotonin, delta-opioid receptors
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do not have a mediatory role (Fig. 4).

In experiment 5, the hypophagic effect of sero-
tonin was noticeably increased by administration of
62.25 pmol DAMGO in FD3 chicks than the control
group at all the time points after injection (p < 0.05),
while 62.25 pmol DAMGO alone had no impact on
food intake in comparison with the control group.
This suggests the hypophagic effect of serotonin in
broilers is possibly mediated via p opioid receptors

(Fig. 5).
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Figure 1.

M serotonin (5 pueg)

Wserctonin (10 peg)

Effects of ICV injection of different doses of serotonin (2.5, 5 and 10 pg) on cumulative food intake (gr/100gr BW) in neonatal chicks
(n=44). Data are expressed as mean + SEM. Different letters (a, b and c) indicate significant differences between treatments at each time

(P <0.05).
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Effects of intracerebroventricular injection of control solution, serotonin (10 ug), B-FNA (5 ug) and a combination of serotonin plus
B-FNA on cumulative food intake (gr/100gr BW) in neonatal chicks (n=44). ~-FNA: p receptor antagonist. Data are expressed as mean
+ SEM. Different letters (a, b, and c) indicate significant differences between treatments at each time (p < 0.05).
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Effects of intracerebroventricular injection of control solution, serotonin (10 pg), nor-BNI (5 pg) and a combination of serotonin plus
nor-BNI on cumulative food intake (gr/100gr BW) in neonatal chicks (n=44). nor-BNI: Kappa receptor antagonist. Data are expressed
as mean + SEM. Different letters (a and b) indicate significant differences between treatments at each time (p < 0.05).
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Effects of intracerebroventricular injection of control solution, serotonin (10 pg), NTI (5 pg) and a combination of serotonin plus NTI
on cumulative food intake (gr/100gr BW) in neonatal chicks (n=44). NTI: Delta receptor antagonist. Data are expressed as mean + SEM.
Different letters (a and b) indicate significant differences between treatments at each time (p < 0.05).
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Effects of intracerebroventricular injection of control solution, serotonin (10 pg), DAMGO (62.25 pmol) and a combination of serotonin
plus DAMGO on cumulative food intake (gr/100gr BW) in neonatal chicks (n=44). DAMGO: p receptor agonist. Data are expressed as
mean + SEM. Different letters (a, b, and c) indicate significant differences between treatments at each time (p < 0.05).

Discussion

This report is the first one concerning the inter-
play of opioidergic receptors in hypophagic behav-
ior which is induced by serotonin in broilers. In the
current study, serotonin decreased food intake in
neonatal broilers, which agreed with former surveys
in some birds breeds besides mammals [29-32]. In
consideration of the receptor’s subtype, serotonergic
receptors have different effects on appetite and food
consumption. It seems that in mammals the appetite is
attenuated via 5-HT2c receptors while 5-HT1A recep-
tors do not affect that [9,10]. Although in one study
done on adult rats, the 5-HT1A receptor showed a
pivotal effect on water consumption [33]. Although
the mechanism of appetite regulation varies between
mammals and birds, a large amount of 5-HT receptors
has been found in different regions of the CNS in both
species such as the hypothalamus and the prefrontal
cortex and its homologous the pallial part of the birds’
brain [34]. Also, pharmacological studies in mammals
showed that 5-HT receptors have a decreasing effect
on food intake; in this regard, 5-HT2c receptors locat-
ed in POMC neurons might have a contributing role in
appetite regulation. This latter has highlighted that the
serotonergic system modulates the ingestion behavior
through the melanocortin pathway [3,7]. Likewise,
the 5HT2c receptors can regulate appetite through
several other neurotransmitters, such as dopamine

and ghrelin [9,10]. Since lack of similar molecular in-
vestigation in the birds’ brain, this pathway might be
similar to those in mammals at least at the level of sep-
to-hypothalamic regions, which is more conservative
in avian species than the mammalian ones. Moreover,
in consideration of the function of the opioid receptor
in ingestion behavior, the role of various kinds of re-
ceptors has been illustrated. For instance, one research
on rodents has depicted that the ICV administration
of the agonists of p and §-, but not k-, could induce
the orexigenic behavior [15,16]. Interestingly, the re-
search on poultry has revealed the hypophagic effect
induced by p-opioid receptor activation and the orex-
igenic function of §- and k-opioid receptors, during
ICV injection of opioid agonists [17].

In terms of the interplay between two central sys-
tems in chickens' brains, it sounds like the serotonin
signaling is only mediated by u opioid receptors. In
our study, the co-administration of B_FNA, the antag-
onist of p opioid receptor, with serotonin significantly
blocked hypophagia which is induced by serotonin in
neonatal broilers. In addition, the hypophagic effect
induced by serotonin was remarkably increased by
administration of DAMGO, the agonist of p opioid re-
ceptor, however nor_BNIand NTI, k- and §- receptors
antagonists, had no impact on hypophagia induced by
serotonin.

The feeding behavior can be modulated within

Role of central opioid receptors on serotonin-induced
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many regions of the brain such as the striatum, hypo-
thalamus, amygdala, etc. While the arcuate nucleus of
the hypothalamus (ARC) has a prominent role among
all, it has a lot of neurotransmitters with complicat-
ed interactions with one another to regulate appetite
in mammals and birds. Finally, the net output of all
these interactions can regulate energy expenditure in
living creatures [20]. In mammals, it has been shown
that at the site of ARC appetite is mainly regulated by
releasing different neuropeptides and proteins from
higher-order neurons located in this nucleus [36]. In
addition, it is suggested that in the ARC, the p-opioid
receptors are contributed to the hyperphagic prop-
erties of neuropeptide Y (NPY) and agouti-related
protein (AgRP) neurons [12]. The conspicuous role of
ARC in food intake regulation has been demonstrat-
ed within avian species [35,36]. Although it seems
that there are similar pathways in the hypothalamus,
more complementary molecular investigations are
needed in the future.

Furthermore, the interaction between the p-opi-
oid receptors and the serotonergic system has been
demonstrated in the previous research on the differ-
ent properties of opioids in mammals. For instance,
the co-administration of the agonists of the p-opioid
receptors and the 5-HT receptor agonists has shown
the postulated antinociceptive effects [27]. Accord-
ing to several research studies, a wide distribution
of opioid receptors has been indicated in different
brain regions with a regulatory function in the feed-
ing behavior such as ARC, NAc, amygdala, and NTS
[37]. The 5-HT containing neurons originated from
the raphe nuclei innervate different parts of the brain
such as the ARC and NAc [9, 38]. Under the admin-
istration of serotonin or its reuptake inhibitor, the in
vivo microdialysis assessment in rats has shown the
increasing levels of beta-endorphins within ARC and
NAc [39]. This, in turn, has postulated an interplay
between serotonin and opioid receptors in these nu-
clei. By taking into account the effect of different brain
regions such as ARC and NAc nuclei in feeding be-
havior and the detected interaction between the se-
rotonergic and opioidergic systems in the mentioned
nuclei, it is proposed that this interaction may be one
of the mechanisms in which the food intake can be
regulated. In terms of the observation of the interplay
between serotonin and opioid receptors, this find-
ing can be in line with our obtained results, which
showed a mediatory effect of opioid receptors in the
serotonin-induced behavior and inverse. However,
the exact mechanism remains to be experimentally
determined in birds.

From a different aspect of view, anatomical stud-
ies have illustrated that y, §, and k opioid receptors
are expressed in raphe nuclei. Owing to the existence
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of various subtypes of receptors in both systems, the
explanation of the opioid-5-HT interaction is to some
extent difficult. In this relation, researchers have pre-
sented that the p- and 8-opioid receptors stimula-
tion increased the levels of serotonin in raphe nuclei,
even though the activation of k-opioidergic receptors
diminished it [28]. In addition, a significant role of
5-HT in opioid biosynthesis has been mentioned
[40]. Nevertheless, the exact process of the interac-
tion between p-opioid and 5-HT receptors needs
more investigation [28]. The evidence revealed that
the post-synaptic 5-HT2c receptor is located in dif-
ferent neuronal systems such as GABAergic, with a
high level of heterogeneity in the rat and human CNS
cells [10]. In this respect, previous research referred
to the possibility of an indirect act of the p-opioid re-
ceptors on the 5-HT2C receptors by inhibiting local
GABAergic neurons. As we know this GABAergic
neurons synapse on serotonergic neurons in the ra-
phe nuclei [28].

In terms of the determination of the underly-
ing mechanisms for opioid- 5-HT interaction, the
involvement of other neurotransmitters and neuro-
peptides should be considered. For instance, it seems
that the opioidergic and serotonergic systems might
be regulated via other peptides in the CNS [41], the
functional assessment of this neuropeptide in the
modulation of the opioid- 5-HT interaction, is a no-
table subject that needs to be determined in the future
research studies. Similar to the opioid receptors, the
serotonin receptor couples to Gi/o. Consequently, ex-
tracellular signal-regulated kinases 1 and 2 (ERK1/2)
mitogen-activated protein kinase (MAPK) signaling
pathways will be active by activation of 5-HT1A [42].
Furthermore, different signaling pathways such as ac-
tivation of p38 and ERK1/2 MAPK are indicated by
opioid’s effect [43]. Related to the mediatory effect of
the 5-HT2C receptor on p-opioid receptors, the ma-
jor role of the dopaminergic system is already seen in
mammals, which is in agreement with our findings
[44]. To sum, the role of the p-opioid receptors in
terms of regulation in food intake and its direct and/
or indirect interplay with the serotonin is a compli-
cated matter which needs more investigation. The
new findings showed herein could be a starting spot
for more investigation in this field on broiler-type
chicken. Undoubtedly, in this respect, future surveys
are needed to explain the direct and/or indirect rele-
vant neurological pathway(s).

Materials & Methods

Animals

220 male neonatal one-day hatched chicks (Ross 308) were
prepared (from Mahan Company nearby Tehran, Iran). At first,
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all birds were placed in a group and followed for 2 days. Then they
were put in individual cages. In this study, the electrically heated
cages with a stabilized temperature of 32 °C + 1 were employed.
The relative humidity of the housing room was set at 40-50%,
and the 23:1 lighting/dark period was determined [45]. Chick-
ens had access without any limitation to a diet of the commercial
starter (Table 1). On the 5th day of age, the ICV injections were
performed on birds. Three hours before ICV injections, all birds
were deprived of food, while they freely access water. All the ex-
perimental procedures were performed based on the US Guide
(publication No. 85-23, revised 1996) and were approved by the
Institutional Animal Ethics Committee of Faculty of Veterinary
Medicine, University of Tehran.

Drugs

Drugs consisted of serotonin, f_FNA (antagonist of u opioid
receptor), nor_BNI (antagonist of the kappa-opioid receptor),
NTI (antagonist of the delta-opioid receptor), DAMGO (an ago-
nist of u opioid receptor), and color as Evans Blue (Sigma, USA).
Drugs were prepared in a solution of absolute dimethyl sulfoxide
(DMSO) which were diluted with 0.85% NaCl 0.9% plus color at
the proportion of 1:250. The using DMSO has no cytotoxic effects
[46,47]. The mixture of DMSO/ Saline containing color was used
as a control solution.

ICV

Chickens were divided into 5 experiments (n=44) in such a
way that every experiment involved 4 groups (n = 11). Before per-
forming the experiments, the birds were accurately weighed and
distributed into different groups. Averagely, body weight (BW)
between understudied groups was uniform. In each experiment,
the ICV injection was performed by a microsyringe (Hamilton,
Switzerland) without the need for anesthesia (1979) and Furse
et al. (1997) methods [48,49]. In brief, by using an acrylic device
consisting of a holder of a bill at 45 degrees, the calvarium of the
chicken head was being placed parallel to the table surface, as was
stated previously [50]. Immediately after the head positioning, a
hole was made over the right lateral ventricle of the brain. Via the
orifice, the tip of the needle penetrated 4 mm below the skull [51].
All drugs were administered in the volume of 10 pL via the ICV
route [52] and the control group merely received the solution of
control (10 uL). It should be mentioned that the procedure made
no physiological stress in newly hatched birds [53]. In the end, the
chicken was decapitated (according to AVMA Guidelines for the
Euthanasia of Animals ‘No: M3.6, cervical dislocation), and the
preciseness of the injection site was evaluated based on the meth-
od published in our previous publications.

Food intake measurement

The experiment procedure and all the details are described in
Supplementary file 1. Also, the design of the experiments is shown
in Table 2. Following performing the ICV injections, birds were re-
turned to their cages with available food which was pre-weighed and
freshwater. 30, 60, and 120 minutes after injections, and the cumu-
lative food intake was measured. To adjust the diversity among the
weights, all measurements were calculated as %BW. The dosage of
the drugs was determined based on the pilot and previous research
studies [54-57].

Statistical Analysis

As mentioned before, cumulative food intake was applied to
analysis as extracted data. The statistical analysis was done by us-
ing repeated measure two-way analysis of variance (ANOVA) and
the outcomes were raised as mean + SEM. The analytical proce-
dure was the same as previous publications [54-57].
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Table 1.
Ingredient and nutrient analysis of experimental diet

Ingredients % Nutrient analysis
Corn 52.85 ME (kcal/g) 2850
Soybean meal, 48% CP 31.57  Crude protein (%) 21
Wheat 5 Linoleic acid (%) 1.69
Gluten meal, 61% CP 2.50 Crude fiber (%) 3.55
Wheat bran 2.47 Calcium (%) 1
Di-calcium phosphate 1.92 i\;a?;gle phospho- 0.5
Opyster shell 1.23 Sodium (%) 0.15
Soybean oil 1.00 Potassium (%) 0.96
Mineral premix 0.25 Chlorine (%) 0.17
Vitamin premix 0.25 Choline (%) 1.30
Sodium bicarbonate 0.21 Arginine (%) 1.14
Sodium chloride 0.20 Isoleucine (%) 0.73
Acidifier 0.15 Lysine (%) 1.21
dl-Methionine 0.10 Methionine (%) 0.49
Toxin binder 0.10 fﬁg?‘o;:;‘me YT 83
1-Lysine HCI 0.05 Threonine (%) 0.70
Vitamin D3 0.1 Tryptophan (%) 0.20
Multi enzyme 0.05 Valine (%) 0.78

ME: metabolisable energy, CP: crude protein, per kg of diet,
the mineral supplement contains 35.2 g manganese from Mn-
So04-H20; 22 g iron from FeSO4-H20; 35.2 g zinc from ZnO; 4.4 g
copper from CuSO4-5H20; 0.68 g iodine from ethylene diamine
dihydroiodide; 0.12 g seleniumfrom Na2SeO3. The vitamin sup-
plement contains 1.188 g of retinyl acetate, 0.033 g of dl-a-tocoph-
eryl acetate, 8.84 g of tocopherol, 1.32 g of menadione, 0.88 g of
thiamine, 2.64 g of riboflavin, 13.2 g of nicotinic acid, 4.4 g of
pantothenic acid, 1.76 g of pyridoxin, 0.022 g of biotin, 0.36 g of
folic acid, 1500 mg of choline chloride
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Table 2.
Intracerebroventricular injections in experiments
Groups Exp. 1 Exp. 2 Exp. 3 Exp. 4 Exp. 5
A CSs? CS CS CS CS
B Serotonin B_FNA® nor_BNI° NTI¢ DAMGO*®
(2.5 pg) (5 ug) (5 pg) (5 ug) (62.25 pmol)
Serotonin Serotonin Serotonin Serotonin Serotonin
c (5 pg) (10 pg) (10 pg) (10 pg) (10 pg)
Serotonin B_FNA-+serotonin nor_BNI+serotonin NTI+serotonin DAMGO+serotonin
: (10 pg) (5 pg)+(10 pg) (5 pg)+(10 pg) (5 pg)+(10 pg) (62.25 pmol)+(10 pg)

*Control solution

"1 opioid receptor antagonist
“kappa opioid receptor antagonist
4 delta opioid receptor antagonist
¢ opioid receptor agonist
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The present study was performed to assess the resistance profile to fluoroquinolone and to determine mutations in gyrA
and parC genes of Escherichia coli in bovine coliform mastitis. Fluoroquinolones (norfloxacin (NOR), ciprofloxacin
(CIP), enrofloxacin (NFX), levofloxacin (LEV), and ofloxacin (OFL) were tested against E. coli isolates, isolated from
bovine mastitis (100 milk samples) by disk diffusion method. To determine the extent of gyrA and parC mutations
associated with fluoroquinolone resistance in E. coli, two isolates with the highest resistance to each fluoroquinolone
were submitted for the amplification and sequencing of the quinolone resistance-determining regions (QRDRs) of gyrA
and parC genes. The disk diffusion method indicated that E. coli isolates had the highest intermediate resistance to
OFL (16.7%), followed by NFX and NOR (15%), while they had low resistance to CIP and LEV (3.33%). A few silent
mutations in gyrA (in codons 91, 100, 111, 131, 132) and in parC (in codons 91, 157, 159) were detected in QRDRs,
and mutations in nucleotides 65, 80, and 83 in gyrA, and 195, 209, 212 in parC were detected in the other isolate. These
results showed an intermediate rate of resistance to fluoroquinolones in E. coli isolates from raw milk of cows with col-

iform mastitis
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astitis is considered one of the most impor-

tant diseases in dairy animals that causes
severe losses to the dairy industry [1]. The economic
losses due to clinical mastitis include production loss,
lower milk yield and value, treatment expenses, and
loss of animal value [2]. Coliforms such as Escheri-
chia, Klebsiella spp., and Enterobacter spp. are the most
common etiological agents causing clinical mastitis
[3]. Escherichia coli is the most common species iso-
lated from coliform mastitis which is a Gram-nega-
tive, non-spore-forming rod bacterium that belongs
to the family Enterobacteriaceae [4, 5]. Clinical signs
of E. coli mastitis include a wide range from a mild
disease with only local inflammation changes in the
mammary gland to severe with systemic signs, gen-
erally including high fever, increased pulse frequen-
cy, lack of appetite, decreased milk production, de-
hydration, rumen stasis, shock, and death [6, 7]. In
cases of mild to moderate E. coli mastitis, the use of
anti-inflammatory drugs and supportive treatments
is recommended. In peracute or acute cases of E. coli
mastitis, due to the potential risk of bacterial growth
in the mammary gland, which in turn may lead to
bacteremia, administration of broad-spectrum anti-
microbials is recommended to reduce the number of
bacteria [8].

The fluoroquinolones are broad-spectrum
and bactericidal antibiotics. They are used against
gram-positive and especially gram-negative bacteria
such as members of the Enterobacteriaceae family [9,
10]. They block DNA synthesis by targeting bacteri-
al DNA gyrase and topoisomerase IV, both of which
are essential for bacterial DNA supercoiling as the
replicating strands separate [11]. DNA gyrase and to-
poisomerase IV are tetrameric structures composed
of two pairs of subunits. The four subunits of DNA
gyrase include 2 monomers of A and 2 monomers of
B, with the names GyrA and GyrB, respectively. The
topoisomerase IV also has ParC and ParE subunits,
which are encoded by parC and parE genes, respec-
tively [12].

The major mechanisms of resistance to quinolone
antibiotics include mutations that occur at the target
drug sites, mutations that reduce drug accumulation,
and plasmid-mediated quinolone resistance [13]. The
most common mechanism that produces significant
levels of clinical resistance to fluoroquinolones is an
alteration in the target enzymes. These changes are
caused by self-mutations occurring within the re-
sponsible genes. Resistance to fluoroquinolones is due
to the substitution of amino acids in a certain region
of GyrA or ParC subunits [13, 14]. The broad-spec-
trum activity of quinolones against various infections
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and the widespread use of these antibiotics, the abuse
and unnecessary use of them, especially in developing
countries, has accelerated the development of resist-
ance mechanisms [15].

Fluoroquinolones are used in the treatment of in-
fectious diseases, including coliform mastitis caused
by E. coli. Since the drug resistance pattern has region-
al distribution, determination of this pattern of E. coli
resistance can be used to determine the appropriate
treatment regimen for clinical coliform mastitis [16].
This study aimed to determine the resistance pattern
of E. coli isolated from cows with coliform mastitis to
some fluoroquinolones and also to detect the muta-
tions in QRDR of fluoroquinolone-resistance E. coli
isolates.

Identification of E. coli

In this study, 100 milk samples were subjected
to isolation of E. coli by selective plating followed by
streaking on the Eosin Methylene Blue (EMB) agar
at 37 °C for 24 h. Typical colonies of E. coli were pro-
duced from 45 samples. These 45 presumptive E. coli
isolates on EMB agar were confirmed by biochemical
tests (Figure 1).

Susceptibility testing

The results of susceptibility study showed that
less than 20% of E. coli isolates had intermediate re-
sistance to each antibiotic (Figure 2). Intermediate re-
sistance was 3.33% to ciprofloxacin and levofloxacin,
15% to enrofloxacin and norfloxacin, and 16.7% to
ofloxacin (Table 1).

Identification of gyrA and parC mutations in
clinical isolates of E. coli

Amplification of the QRDRs of gyrA and parC
genes was performed by PCR (Figure 3). The results
of the DNA sequencing of gyrA and those of parC
were consistent and provided information from both
standards for a region between nucleotides 247 to
840 (corresponding to codons 82 to 280) of gyrA
and from nucleotides 167 to 539 (corresponding
to codons 55 to 180) of the parC gene, respective-
ly (Table 2, Figures 4, 5, 6, and 7). Accession num-
bers of E. coli isolates based on QRDRs of gyrA and
parC genes deposited in the GenBank are as follows:
SRX5988183, SRX5982112 for sample number 2968,
and SRR17711097, SRR17711096 for sample num-
ber 3077 (Accession to cite for these SRA data: PR-
TNA547542).

Evaluation of resistance to fluoroquinolones based on muta-
tions in gyrA and parC genes in Escherichia coli from coliform
mastitis
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Table 1.

Antibiotic resistance pattern of 60 E. coli isolates.
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I Figure 1.

* Isolation and identification of E. coli. A) Triple Sug-
ar Iron agar, acid/acid reaction with gas production
and no H2S. B) Simmons citrate agar, the medium
remained green. This is a negative result for citrate
test. C) Sulfur Indole Motility (SIM) medium, E. coli
is hydrogen sulfide negative, indole positive, and the
cloudy appearance of the medium indicates that E.
coli is motile. D) MacConkey agar, pink colonies. E)
Eosin Methylene Blue agar, colonies of purple with
black center and green metallic sheen.

Figure 2.

The results of evaluation of resistance to flu-
oroquinolones with disk diffusion method.
The scale is in mm.

% intermediate resistant

Antibiotic (pg) No. of sensitive isolates % sensitive isoates isolates % resistant isolates

Ofloxacin (5) 50 83.3 16.7 -

Enrofloxacin (5) 51 85 15 -

Norfloxacin (10) 51 85 15 -

Ciprofloxacin (5) 58 96.6 3.33 -

Levofloxacin (5) 58 96.6 3.33 -
Discussion relatively low figure compared with other published

The focus of the current study was to assess the re-
sistance of E. coli to some fluoroquinolones in bovine
coliform mastitis and to generate the fluoroquinolo-
nes resistance profile of isolates. The level of resistance
of E. coli isolates to enrofloxacin and norfloxacin was
similar to the level of resistance to ofloxacin. This is
due to the development of cross-resistance to one of
the fluoroquinolones. In the present study, among all
60 E. coli isolates, less than 20% of isolates had inter-
mediate resistance to fluoroquinolones. This is still a

studies, in which the proportion of resistant isolates
has ranged from 23% to 63% [15, 17-19]. In the re-
sults from Su et al. (2016) E. coli isolates showed 4%
resistance to ciprofloxacin and levofloxacin; similarly,
E. coliisolates in the present study showed only 3.33%
resistance to ciprofloxacin and levofloxacin whereas
Metzger and Hogan (2013) found 12% of E. coli iso-
lated from bovine milk samples were non-susceptible
to ciprofloxacin [20, 21]. Among fluoroquinolones,
enrofloxacin and norfloxacin resistance were found
in nine (15%) E. coli isolates, and all other isolates

Evaluation of resistance to fluoroquinolones based on muta-
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Figure 3.

PCR amplification of QRDR of gyrA and parC genes for
E. coli.

Lane M: DNA marker; 100 bp plus. Lane 1, 2: test isolates.
The expected product size of gyrA is 253 bp and the expect-
ed product size of parC is 434 bp.

Score Expect Identities Gaps Strand
261 bits(141) 2e-73 151/156(97%) 0/156(0%) Plus/Minus
NC 0009133 2227 CAGTTCATGGGCAATTTTCGCCAGACGGATTTCCGTATRACGCATTGCCGCCGCAGAGTC 2286
gyrA 2068 168  ........ WM s e R R R T R R R e S S R s 109
NC 0009133 2287 GCCGTCGATAGAACCGAAGTTACCCTGACCGTCTACCAGCATATAACGCAGCGAGRAATGSE 2346
eyrA 2068 108  ......... BB L e R ST R e 49
NC 000913.3 2347 CTGCGCCATGCGGACGATCGTGTCATAGACCGCCGA 2382
gyrA 2968 48 @ ......... B R SR B e 13
Figure 4.

The result of alignment of the gyrA gene of sample number 2968. The red letters indicate nucleotide changes. Reference sequence is
from nucleotide 2227 to 2382 from NC_000913.3:2336793-2339420 Escherichia coli str. K-12 substr. MG1655, complete genome.

Score Expect Identities Gaps Strand
678 bits(367) 0.0 385/393(98%) 3/393(0%) Plus/Plus
NC 0009133 156 GGGCCTGRAATGCCAGCGCCARATTTARARAAT-CGGCCCGTACCGTCGGTGACGTACTGG 214
parC 2968 10 PR I et e St s o - YO R R A e g s e St e 67
NC_ 0009133 215 GTRABATACCATCCGCACGGCGATAGCGCCTGTTATGAAGCGATGGTCCTGATGGCGCARAC 274
TGI8 BE Sl eaact i pa e s e e e R e e S R e R A aG. 127
NC_0009133 275 CGTTCTCTTACCGTTATCCGCTGGTTGATGGTCAGGGGRACTGGGGCGCGCCGGACGATC 334
ParC 2968 128 it e e eaaeeai e a et et e e a e 187
NC 0009133 335 CGARATCGTTCGCGGCAATGCGTTACACCGAATCCCGGTTGTCGAAATATTCCGAGCTGC 394
P 2068 TBE  somimemmrmi monimesneon mmr s w6 me o mm e i m 247
NC 0009133 395 TATTGAGCGAGCTGGGGCAGGGGACGGCTGACTGGGTGCCARAACTTCGACGGCACTTTGC 454
ParC 2068 BABY e me e A e R SR we T R A e S e 307
NC_0009133 455 AGGAGCCGAARATGCTACCTGCCCGTCTGCCAAACATTTTGCTTAACGGCACCACCGGTA 514
ParCed088 BOB s ipmi i - S LML R S ML TN S E 367
NC_0009133 515 TTGCCGTCGGCATGGCGACCGATATTCCACCGC 547
pacl 2068 BEH e s s s iaeresaie QL i 400
Figure 5.

The result of alignment the parC gene of sample number 2968. The red letters indicate nucleotide changes. Reference sequence is
from nucleotide 156 to 547 from NC_000913.3:¢3165973_3163715 Escherichia coli str. K_12 substr. MG1655, complete genome.
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Score Eicpect Identities Gaps Strand
313 bits(169) 3e-89 204/221(92%) 1/221(0%) Plus/Plus
NC_ 0009133 2204 GTCTCTTTTTCGAGATCGGCCATCAGTTCATGGGCAATTTTCGCCAGACGGATTTCCGTA 2263
aPA B0TT B e S eeaas At e e e T e e e e e e e A R A e e e e e 64
NC 0009133 2264 TAACGCATTGCCGCCGCAGAGTCGCCGTCGATAGAACCGAAGTTACCCTGACCGTCTACC 2323
gih 3077 B8 e s e e e e e e B s s & 124
NC 000913.3 2324 AGCATATAACGCAGCGAGAATGGCTGCGCCATG-CGGACGATCGTGTCATAGACCGCCGA 2382
evrA 3077 125 ..., - ARSI Bl e W AR o . R * SRESERET RS Wizw ol &, 18
NC 0009133 2383 GTCACCATGGGGATGGTATTTACCGATTACGTCACCARACGA 2423
ayrA 3077 185 B T S e e e T e T e TR . s nenis 225
Figure 6.

The result of alignment the gyrA-gene of sample number 3077 The red fetters indicate nucleotide changes. Reference sequence is from
nucleotide 2204 to 2423 from NC_000913.3:2336793-2339420 Escherichia coli str. K-12 substr. MG1655, complete genome

Scare Expect Identities Gaps Strand
614 bits(332) 3e-180 1359/371(97%) 5/371(1%) Plus/Plus
NC 0009133 141 TGCGATGTCTGAACTGGGCCTGAATGCCAGCGCCARATTTAARARATCGGCCCGTACCET 200
parC 3077 26  ........ L i, s e I I R e R e 82
NC_000913.3 201 CGGTGACGTACTGGGTARATACCATCCGCACGGCGATAGCGCCTGTTATGARGCGATGGET 260
ParCi0F7 B AR e s e R R S S e e R s S S e R SR e e 142
NC 0009133 261 CCTGATGGCGCARCCGTTCTCTTACCGTTATCCGCTGGTTGATGGTCAGGGGRACTGGGGE 320
parC_3077 143 ..iieianinan B s e 9L e e 4 TR AR e e WS A S e 202
NC 0009133 321 CGCGCCGGACGATCCGAAATCGTTCGCGGCAATGCGTTACACCGRAATCCCGGTTGTCGRA 380
DG A0 DD sce e s s SR A R bR e T R AR S A A b B SR AR 262
NC 0009133 381 ATATTCCGAGCTGCTATTGAGCGAGCTGGGEGCAGGGGACGGCTGACTGGGTGCCARACTT 440
T~ T P I N A RPN 322
NC_0009133 441 CGACGGCACTTTGCAGGAGCCGAARATGCTACCTGCCCGTCTGCCRARACATTTTGCTTAA 500
parC B0TT  BEB e s ke R b TR R T b P8 T e T R e R =l 381
NC_R009133. 501 CGECACCACEG 511
parC 3077 382 RA.—-........ 397
Figure 7.

The result of alignment the parC gene of sample number 3077. The red letters indicate nucleotide changes. Reference sequence is from
nucleotide 141 to 511 from NC_000913.3:c3165973_3163715 Escherichia coli str. K_12 substr. MG1655, complete genome.

were susceptible to norfloxacin and enrofloxacin. enrofloxacin [25]. Armanullah et al. (2018), studied

This is in general agreement with Malinowski et
al. (2008) who found that 16.1% and 14.9% mastitis E.
coli isolates from Poland were resistant to enrofloxacin
and norfloxacin, respectively [22]. However, in a study
in Bangladesh, no resistance to fluoroquinolones in-
cluding ofloxacin, ciprofloxacin, and levofloxacin was
reported in E. coli isolated from milk of mastitis cattle
[23]. Persson et al. (2011) reported that there was no
fluoroquinolone resistance in E. coli isolated from milk
samples of cows with mastitis [24]. In another study
by Persson and her colleagues in Sweden (2015), they
reported that all isolates (n=57) of E. coli from dairy
cows with acute clinical mastitis were susceptible to

the antibiotic resistance profile of E. coli isolates from
bovine clinical mastitis and reported resistance to cip-
rofloxacin (16.67%), norfloxacin (8.33%), ofloxacin
(8.33%), and intermediate resistance to norfloxacin
(8.33%) that was somewhat similar to the finding of
the present study [26].

Fluoroquinolone resistance of E. coli isolates
from bovine mastitis has been studied by several au-
thors and the results have varied, which may be due to
different methods and breakpoints used to determine
susceptibility. Resistance to fluoroquinolones is still
uncommon among E. coli isolated from bovine masti-
tis. In comparison to other studies [15, 17-19, 27], the
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results of this study showed a low level of resistance to
fluoroquinolones, which may be due to the controlled
use of these antibiotics. However, in the present study
ciprofloxacin and levofloxacin were proved to be the
best antibiotics to treat E. coli mastitis in cattle since
they were highly effective.

In the present study, the E. coli isolates did not
have resistance to fluoroquinolones and the rate of
intermediate resistance to fluoroquinolones was very
low. It is generally accepted that gyrA mutations play
a major role in the development of fluoroquinolone
resistance in E. coli, while the mutations in the parC
gene are additionally associated with resistance [28].
To analyze the correlation between genetic character-
ization and resistance phenotype, two isolates with
the most resistance to each fluoroquinolone were
submitted to amplification and sequencing of the
QRDR in gyrA and parC genes. There were two silent
mutations in the gyrA gene at wobble position in co-
dons 91 and 100; similarly, E. coli isolates in the Heisig
study showed silent mutations in codons 91 and 100
[28]. Mutation at codons 83 and 87 was found to be
the most common gyrA mutations of E. coli in several
studies, and in the present study, there was a mutation
in codon 83 of gyrA in sample number 3077 [29-32].
In addition, we found a silent mutation in codon 91 in
the parC gene. Similarly, E. coli isolates in the Heisig
study showed silent mutation only in codon 91,
whereas the most common mutations in parC were
reported at codons 80, 84, and 87 [19, 28, 31, 32].

In conclusion, the current investigation showed
that most E. coli isolates isolated from raw milk of
cows with coliform mastitis in Khorasan Razavi prov-
ince were sensitive to fluoroquinolones and some E.
coli isolates had intermediate resistance to fluoro-

Table 2.
Mutations in genes gyrA and parC.

RESEARCH ARTICLE

quinolones. In gyrA and parC genes of E. coli isolates
with the most intermediate resistance to studied fluo-
roquinolones, there were silent mutations and muta-
tions. There is some evidence that silent mutations
can especially affect the regulation of transcription
[33-35].

Materials & Methods

Sample collection

A total of one hundred (100) milk samples were examined in this
study. Samples were collected from the milk of dairy cattle with clini-
cal mastitis of three dairy farms in Mashhad (Khorasan Razavi prov-
ince, Iran). Fifteen isolates of E. coli were obtained from “Bacterial
Collection of the Mastitis Laboratory”, Veterinary Teaching Hospital,
Faculty of Veterinary Medicine, Ferdowsi University of Mashhad.

Isolation of E. coli

Milk samples were cultured on MacConkey agar media (Merk,
Darmstadt, Germany) and were incubated at 37 °C for 24 h. Suspect-
ed E. coli lactose-fermenting colonies (pink colonies) were used for
culture on the Eosin methylene blue (EMB) agar (Merk, Darmstadt,
Germany). The appearance of the colonies of purple with black center
and green metallic sheen were considered positive for E. coli on EMB
agar and were selected for further studies. The colonies of presump-
tive E. coli on EMB agar were confirmed by standard biochemical
tests, including triple sugar iron agar, Simmons citrate agar, and mo-
tility assay.

Antibiotic susceptibility study

Antibiotic susceptibility testing was carried out with equiva-
lence of 0.5 McFarland turbidity standard by agar disk diffusion
method on Mueller-Hinton agar (Himedia, Mumbai, India) plates
following the Clinical and Laboratory Standards Institute [36]. All
E. coli isolates were subjected to an antibiotic susceptibility test.
The antimicrobial disks (Padtan Teb, Tehran, Iran) used in the
experiment included 5 pg ciprofloxacin, 10 pg norfloxacin, 5 pg
levofloxacin, 5 pg ofloxacin, and 5 pg enrofloxacin. The antibiotic

gyrA mutation

parC mutation

E. coli isolate

Codon Nucleotide . . Codon Nucleotide Amino acid ex-
position exchange AR C e position exchange change

91 CGT > CGC ginine* 91 CAG-> CAA Glutamine @

100 TAC > TAT Tyrosine * 157 CTG -~ CTA Leucine
2968 111 TCC~>TCT Serine * 159 GCT » GCC Alanine ?

131 GCA > GCC Alanine ®

132 AAT > CAT Asparagine > Histidine

65 AAT - CAT Asparagine > Histidine 195 GGT > GIT Glycine > Valine
3077 80 GCA-~>TCA Alanine - Serine 209 GIG->TTA Valine > Leucine

83 AGG > GGG Arginine > Glycine 212 GGC-> CAC Glycine > Histidine

*Silent mutation
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disks were placed on Mueller-Hinton agar culture plate. The plates
were incubated for 18-24 h at 37 °C. The size of the zone of in-
hibition was recorded and resistance zone diameter breakpoints
adopted for these antimicrobials were the following: < 15 mm for
ciprofloxacin, < 12 mm for norfloxacin, < 13 mm for levofloxacin,
< 12 mm for ofloxacin, and < 14 mm for enrofloxacin.

DNA extraction

E. coli isolates were grown overnight in Nutrient agar (Merk,
Darmstadt, Germany) at 37 *C. One colony was suspended in 250
uL of sterile distilled water. After boiling the suspension for 15
min, followed by freezing and subsequent centrifugation at 14000
rpm for 15 min, the cell debris was pelleted and the supernatant
was used as a template for the amplification reaction.

(37].

Amplification of quinolone resistance determin-
ing regions (QRDRs)

Polymerase chain reaction (PCR) was used to amplify QRDR
of gyrA and parC for mutation detection. The list of primers that
were used for amplification of gyrA and parC genes is shown in
Table 3. The PCR amplification was performed in a total reaction
volume of 25 pL. The reaction mixture contained 12.5 pL of 2x
master mixtures (CinnaGen, Tehran, Iran), 1 uL of each forward

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

and reverse primer (10 pmol/uL), 8.5 uL of deionized water and
2 uL of DNA template. The PCR program included initial dena-
turation at 94 *C for 5 min followed by 30 cycles of denaturation
(94 *C for 1 min), annealing (55 "C for gyrA and 56 "C for parC
for 1 min), and extension (72 °C for 1 min) with a final extension
at 72 °C for 5 min. For amplification of DNA, the PCR was per-
formed with a thermocycler (Techne, Chelmsford, UK). The PCR
products were run on a 1% agarose gel in TAE buffer at 100 V
for 45 min. After electrophoresis (Padideh Nojen Pars, Mashhad,
Iran) in the agarose gel and staining with the green viewer (Sina-
clone, Tehran, Iran), they were observed and documented under
gel documentation system (Kimiagene, Mashhad, Iran). A 100 bp
plus DNA ladder was used to determine the molecular size of the
PCR products. Primers used in the study were custom synthe-
sized from Macrogen Inc. (South Korea).

Sequencing and Alignment

The PCR product of gyrA and parC genes with forward and
reverse primers sent for sequencing to Microsynth (Switzerland).
DNA sequences were analysed using Chromas software. DNA
sequence data were compared to data in the GenBank database
using the BLAST algorithm available at the National Center for
Biotechnology Information (NCBI) website (www.ncbi.nlm.nih.
gov).

Table 3.
The primers were used for amplification of gyrA and parC
Refer-
Primer name Primer direction * Sequence (5' to 3') Product size (bp)  Annealing temperature (°C)
ence
gyrA4 F TCGTTGGTGACGTAATCGGT 253 55 31
gyrA5 R TCCGTGCCGTCATAGTTATC 253 55 31
parC1 F AACCTGTTCAGCGCCGCATT 434 56 31
parC2 R ATGCGGTGGAATATCGGTCG 434 56 31

*F, forward; R, reverse
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Fish farming is increasing globally, with an increase in bacterial infections known to cause morbidity and varying mor-
tality, affecting the productivity and profitability of aquaculture. The objective of this study was to determine the antibi-
otics susceptibility and multiple antibiotic resistance index of bacteria isolated from fish in some selected fish farms in
Kaduna State to ten commonly used antibiotics using the Kirby-Bauer disc diffusion method. In total, 84 bacteria were
isolated from 75 Clarias gariepinus in this study, belonging to 12 genera. The antibiotic profile of the bacteria isolated
displayed different sensitivity and resistance to the antibiotics used. The highest numbers of the Gram-positive (59.5%)
and Gram-negative (69%) bacteria, respectively, were sensitive to ciprofloxacin compared to the other antibiotics. All
the bacterial isolates displayed varying diversity of multidrug-resistant patterns. A total of 38 and 41 different resistance
patterns for Gram-positive and Gram-negative respectively were observed. The multiple antibiotic resistance (MAR)
index analysis reveals that 97.3% of the bacteria had a high MAR index value (> 0.2). In conclusion, there is a diversity
of bacteria organisms within the fish farms that are pathogenic to both fish and humans. Therefore, there is a need to

implement optimal preventive management measures and control the use of antibiotics.
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ish production through aquaculture provides

an alternative supply of fish for human con-
sumption [1, 2]. This has led to an increase in fish
production levels to meet the protein demand of the
growing population [3, 4]. In bridging the demand
and supply gap of fish, Clarias gariepinus is a suitable
choice for aquaculture in Africa, especially Nigeria,
owing to its hardy nature and wide acceptability [5].
However, increasing demand for fish is associated
with the intensification of fish farming activities, such
as increased stocking density, and a rise in water qual-
ity challenges, which facilitate a higher incidence of
disease outbreaks [6, 7]. Furthermore, the occurrence
of various types of diseases, most of which are caused
by bacteria, at any stage of fish culture has a signifi-
cant impact on the economic viability of fish farms [8,
9]. Consequently, this has led to the use of antibiotics
as a growth promoter, for prophylactic and therapeu-
tic purposes [10, 11]. Excessive use of antibiotics in
aquaculture in many countries has been attributed to
the development and dissemination of antibiotic-re-
sistant bacteria [12, 13, 14].

Assessing and monitoring antimicrobial-resistant
bacteria from fish for human consumption from dif-
ferent parts of the world is needed regularly to eval-
uate and detect the emergence, trend, and changes in
the resistance pattern towards antimicrobial drugs
[15, 16]. Therefore, this study is aimed at isolating and
identifying bacteria from Clarias gariepinus in some
selected fish farms in Kaduna State, Nigeria, and de-
termining their antimicrobial susceptibility and resis-
tance pattern to 10 commonly used antibiotics.

A total of 84 bacteria belonging to 12 genera were
isolated from 75 Clarias gariepinus samples from this
study. Out of 42 bacteria isolated, 16 (19.0%) were Ba-
cillus subtilis, 3 were (3.6%) Corynebacteria aquaticum,
17 were (20.3%) Staphylococcus aureus, and 6 were
(7.1%) Streptococcus agalactiae. Forty-two Gram-neg-
ative bacteria were also isolated, which consisted of
Aeromonas hydrophila (2.4%, n = 2), Citrobacter fre-
undi (4.8 %, n = 4), Escherichia coli (13.1%, n= 11),
Klebsiella pneumoniae (3.6%, n = 3), Proteus mirabilis

Abbreviations-Cont'd

CN: Gentamicin

OXE: Oxytetracycline

OX: Oxacillin

P: Penicillin

S: Streptomycin

TE: Tetracycline

VA: Vancomycin

SEM: Standard error of the mean
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(11.9%, n = 10), Pseudomonas aeruginosa (7.1%, n =
6), and Salmonella enterica and Shigella species (3.6%,
n = 3) (Figure 1). Staphylococcus aureus (20.3%) was
the most prevalent species followed by Bacillus subti-
lis (19.0%) and E. coli (13.1%). Aeromonas hydroph-
ila was the least prevalent (2.4%) bacteria isolated
(Figure 1).

The antibiotic profile of the bacteria isolated re-
vealed different sensitivity and resistance to the ten
antibiotics used. The majority of the Gram-posi-
tive bacteria (59.5%) were sensitive to ciprofloxacin.
Among the Gram-positive bacteria, no level of sensi-
tivity was detected to Vancomycin. With a Chi-Square
value of 80.30, the difference in the sensitivity level
of antibiotic susceptibility was significant at p < 0.01.
There was no significant difference (p = 0.27) in sus-
ceptibility to different antibiotics. There was a level
of resistance to all the antibiotics used, with vanco-
mycin causing the highest level of resistance to the
Gram-positive bacteria. There was a significant sta-
tistical difference (p < 0.01) in the resistance of the
Gram-positive bacteria to different antibiotics (Table
1).

The Gram-negative bacteria were mostly suscep-
tible to Ciprofloxacin (69.0%) and showed the lowest
(4.8%) level of susceptibility to penicillin. The level of
sensitivity to other antibiotics ranged between genta-
micin (66.7%) and ampicillin (7.1%). There was a sig-
nificant difference (p < 0.01) in the sensitivity level to
antibiotics in the Gram-negative bacteria. In addition,
there was a significant difference (p < 0.01) between
the antibiotics in terms of their intermediate and
resistance profiles with the Gram-negative bacteria.
(Table 2). All the bacterial isolates displayed varying
diversity of multidrug-resistant patterns to more than
one antibiotic. There were differences in the multi-
drug-resistance profiles of the bacteria within the dif-
ferent species of the isolates. The prevalence of multi-
drug resistance was 97.6% for both Gram-positive and
Gram-negative bacteria respectively and was resistant
to more than two antibiotics. From the Gram-posi-
tive, one of the isolates was resistant to two antibiotics
1(2.4%), 4 (9.52 %) were resistant to three antibiot-
ics, 6 (14.29%) were resistant to four antibiotics, 13
(30.92%) were resistant to five antibiotics, 11 (26.1%)
were resistant to six antibiotics, 4 (9.52 %) were resis-
tant to seven antibiotics, and 3 (3.74%) were resistant
to eight antibiotics out of the ten antibiotics used. A
total of 38 different resistance patterns were observed.
The multidrug resistance patterns for Gram-positive
bacteria isolated from Clarias gariepinus showed a
significant difference (p < 0.01) with a Chi-Square
value of 22.56. The highest prevalence was recorded
among the 5 antibiotics combinations (30.9%), with
the double antibiotic combinations having the least

Multiple antibiotic resistance in fish farms
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Figure 1.

Prevalence of Gram-positive and Gram-negative bacteria isolates from Gills of Clarias gariepinus from fish farms

(2.4%) (Table 3).

For the Gram-negative bacteria, one of the
isolates was resistant to two and three antibiot-
ics, respectively. Eight (19.04%) were resistant
to four antibiotics, 18 (42.86%) were resistant to
five antibiotics, 9 (21.43%) were resistant to six
antibiotics, 4 (9.52%) were resistant to seven an-
tibiotics and 1(2.4%) was resistant to eight anti-
biotics out of the ten antibiotics used. A total of
41 different resistance patterns were observed for

Table 1.

Gram-negative in this study. The multidrug resist-
ance patterns and MAR Index of Gram-negative
bacteria from Clarias gariepinus are presented
in Table 4. The highest prevalence of multidrug
resistance patterns was seen in the five antibiotic
combinations (42.9%) with a MAR value of 0.5.
The difference between the multidrug resistance
patterns was significant (p < 0.01) with a Chi-
Square value of 45.89 (Table 4).

Percentage distribution of antibiotics susceptibility of Gram-positive bacteria isolates from Gills of Clarias gariepinus from some fish

farms in Kaduna State, Nigeria

Antibiotic (:;) Sensitive (%) ¥ p Intermediate (%) X p Resistance (%) ¥ p
Ciprofloxacin 5 25 (59.5) 6(14.3) 11 (26.2)
Gentamicin 10 21(50.0) 8 (19.0) 13 (31.0)
Florfenicol 30 20 (47.6) 6(14.3) 16 (38.1)
Streptomycin 10 10 (23.8) 14 (33.3) 18 (42.9) 49.36
Tetracycline 30 9(21.4) 80.30  <0.01° 14(33.3) 11.08 027 19 (45.2) <0.01°
Oxytetracycline 30 7 (16.7) 9(21.4) 26 (61.9)
Oxacillin 1 7 (16.7) 6(14.3) 29 (69.0)
Ampicillin 10 6 (14.3) 9(214) 27 (64.3)
Penicillin (in units) 10 2 (4.8) 10 (23.8) 30 (71.4)
Vancomycin 30 0(0.0) 10 (23.8) 32 (76.2)
Total 107 (25.5) 92 (21.9) 221 (52.6)

N = Concentration of antibiotics used; x> =Chi Square test; # = Significant at p < 0.05

Multiple antibiotic resistance in fish farms
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Percentage distribution of antibiotics susceptibility patterns of Gram-negative bacteria isolates from Gills of Clarias gariepinus from

some fish farms in Kaduna State, Nigeria

Antibiotic (FI:%) Sensitive (%) ¥ P Intermediate (%)  x° p  Resistance (%) X P
Ciprofloxacin 5 29 (69.0) 5(11.9) 8(19.0)

Gentamicin 10 28(66.7) 3(7.1) 11 (26.2)

Florfenicol 30 26(61.9) 4(9.5) 12 (28.6)

Streptomycin 10 11 (26.2) 13 (31.0) 18 (42.9)

Tetracycline 30 8(19.0) 121.10 <0.01* 13(31.0) 22.61 0.017 21 (50.0) 7512  <0.017
Oxytetracycline 30 6(14.3) 12 (28.6) 24 (57.1)

Ampicillin 10 3(7.1) 11 (26.2) 28 (66.7)

Vancomycin 30 5(11.9) 7 (16.7) 30 (71.4)

Oxacillin 1 6(14.3) 5(11.9) 31 (73.8)

Penicillin (in units) 10  2(4.8) 5(11.9) 35 (83.3)

Total 124 (29.5) 78 (18.6) 218 (51.9)

N = Concentration of antibiotics used; x> = Chi Square test; # = Significant at p < 0.05.

Discussion

Bacteria are an important component of the
aquatic environment, and the interplay between these
organisms and the changes in the habitat of the fish
will lead to the exacerbation of disease in the fish
farms, thereby causing great economic losses [17].
The identification of bacteria from C. gariepinus is
very important as it provides information on the level
of contamination in the fish, the culture environment,
and the risk of transfer of the pathogens to humans
to cause diseases like cholera, dysentery, and salmo-
nellosis [18]. In this study, twelve different genera of
bacteria known to cause disease in both fish and hu-
mans were isolated from C. gariepinus in the study.
However, it differed from the findings of Uddin and
Al-Harbi [19], who isolated 10 bacteria genera from
polycultured common carp (Cyprinus carpio) and
African catfish (Clarias gariepinus), Danba et al [20]
isolated 5 genera from C. gariepinus from selected
fish farms in Kano, Wamala et al. [21], isolated 15
in Oreochromis niloticus (Nile tilapia) and Clarias
gariepinus (African catfish) in Uganda with most of
the bacteria genera reported by Uddin and Al-Harbi
[19]. Danba et al [20] and Wamala et al [21] reported
findings similar to the present study. The differences
in the genera and species of bacteria observed may
be due to the different geographical locations, culture
environments, species of fish, and different sampling
and isolation methods.

Gram-negative bacteria were the most prevalent
bacterial isolates from this study. This is similar to the

Adah et al., IJVST 2022; Vol.14, No.1
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findings of Tsfaye et al. [22] and Kousar et al. [23]. The
isolation of E. coli, Klebsiella pneumoniae, Proteus mi-
rabilis, Staphylococcus aureus, Streptococcus agalactiae,
and Vibrio species from C. gariepinus is an indication
of fecal contamination from livestock manure used for
pond fertilization and the indiscriminate deposition
of human and animal excreta into ponds and rivers
that harbor fish or through the washing of land sur-
faces into water bodies during the rainy season [24].
Free-roaming animals, especially dogs, birds, and ru-
minants in the mixed farming system, contribute to the
fecal contamination of surface water and ponds [25,
26]. Staphylococcus aureus isolates which were hemo-
lytic on blood agar are known to be pathogenic to fish
and their presence could be due to contamination of
the fish by fish handlers during feeding, handling ac-
tivities, and harvesting as observed also by Afolabi et
al. [18]. The high presence of Proteus mirabilis in fish
farms has been reported by Wanja, et al. [27] and was
attributed to the use of poultry litter for fertilization
of the ponds. The presence of these microorganisms
poses a serious public health threat as some of the bac-
terial organisms isolated in this study, such as Aero-
monas hydrophila, Citrobacter freundi, and Pseudomo-
nas aeruginosa are known to be pathogenic to humans
and are etiological agents of infectious diseases in fish,
leading to mortalities in association with unfavorable
environmental conditions in intensive fish farms [27,
28].

In this study, the antibiogram showed that most of
the bacteria species isolated showed varying resistance

Multiple antibiotic resistance in fish farms
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Table 3.

Multidrug resistance patterns and MAR Index of Gram-positive bacteria isolated from Clarias gariepinus from some fish farms in
Kaduna State, Nigeria

Resistance patterns Esj\f:;ﬁbi()tics MAR E((:l;)tftes Bacteria species involved Prez;t;nce X p

OoX, P 2 0.2 1 Streptococcus agalactiae 1(2.4)

OX, P, FEC 3 0.3 1 Bacillus subtilis

TE, VA, P 3 0.3 1 Staphylococcus aureus

OX, VA, P 3 0.3 1 Bacillus subtilis 4(9.5)

VA, CN, AMP 3 0.3 1 Staphylococcus aureus

VA, P, FFC, OXE 4 0.4 1 Corynebacteria aquaticum

VA, P, S, FFC 4 0.4 1 Staphylococcus aureus

OX, P, AMP, OXE 4 0.4 1 Corynebacteria aquaticum

OX, VA, AMP, OXE 4 0.4 2 Staphylococcus and Bacillus subtilis 6 (14.3)

TE, VA, FEC, CIP 4 0.4 1 Bacillus subtilis

OX, VA, P, CN, FFC 5 0.5 1 Streptococcus agalactiae

OX, TE, VA, P, AMP, 5 0.5 1 Staphylococcus aureus

OX, P, S, AMP, CIP 5 0.5 1 Staphylococcus aureus

OX, CN, S, AMP, OXE 5 0.5 1 Staphylococcus aureus

OX, VA, P, FEC, OXE 5 0.5 1 Staphylococcus aureus

OX, VA, P. S, AMP 5 05 ) Stap'}?llocaccus aureus and Bacillus 13 (30.9)
subtilis

OX, VA, P, S, OXE 5 0.5 1 Bacillus subtilis

OX, VA, S, AMP, OXE 5 0.5 1 Streptococcus agalactiae 22.56 <0.01"

OX, TE, S, AMP, CIP 5 0.5 1 Bacillus subtilis

TE, VA, P, AMP, OXE 5 0.5 1 Bacillus subtilis

VA, P, AMP, FFC, OXE 5 0.5 1 Bacillus subtilis

OX, TE, CN, AMP, FFC, OXE 6 0.5 1 Bacillus subtilis

OX, TE, P, S, AMP, OXE 6 0.6 1 Bacillus subtilis

OX, VA, P, AMP, FEC, OXE p 0.6 N Bacilluf subtilis and streptococcus
agalactiae

OX, TE, CN, AMP, FFC, OXE 6 0.5 1 Bacillus subtilis

OX, TE, P, S, AMP, OXE 6 0.6 1 Bacillus subtilis

OX, VA, P, AMP, FEC, OXE p 06 ) Bacillus' subtilis and streptococcus 11 26.1)
agalactiae

OX, VA, P, CN, CIP, OXE 6 0.6 1 Bacillus subtilis

TE, VA, P, CN, AMP, OXE 6 0.6 1 Staphylococcus aureus

TE, VA, P, CN, S, FFC 6 0.6 1 Staphylococcus aureus

TE, VA, P, S, AMP, OXE 6 0.6 1 Staphylococcus aureus

OX, TE, VA, CN, S, FFC, OXE 7 0.7 1 Staphylococcus aureus

OX, TE, VA, P, S, AMP, FFC 7 0.7 1 Bacillus subtilis 4(9.5)

OX, TE, VA, B S, CIP, OXE 7 0.7 2 :Z‘g Zf;ﬁ;‘;:ﬂem and Coryne-

OX, TE, VA, P, CN, AMP, CIP, OXE 8 0.8 1 Streptococcus agalactiae

OX, TE, P, CN, AMP, FFC, CIP,OXE 8 0.8 1 Staphylococcus aureus 3(7.1)

OX,VA,P,CN,AMP,FFC,CIP,OXE 8 0.8 1 Staphylococcus aureus

AMP: Ampicillin; CIP: Ciprofloxacin; FFC: Florfenicol; CN: Gentamicin; OXE: Oxytetracycline; OX: Oxacillin; P: Penicillin; S:Streptomycin ;TE :
Tetracycline ; VA: Vancomycin. Multiple antibiotics resistance (MAR); x> =Chi Square test ; # = Significant at p < 0.05.
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Multidrug resistance patterns and MAR Index of Gram-negative bacteria isolated from Clarias gariepinus in some fish farms in Kadu-

na State, Nigeria

Resistance patterns No. (,)f antibiotics MAR NO Bacteria species involved Prevalence X P
involved isolates (%)

OX, AMP 2 0.2 1 Pseudomonas aeruginosa 1(2.4)

VA, AMP, CIP 3 0.3 1 Pseudomonas aeruginosa 1(24)

OX, P, S, OXE 4 0.4 1 E. coli

OX, TE, P, FEC 4 0.4 1 E. coli

OX, TE, VA, P 4 0.4 1 Proteus mirabilis 8 (19.0)

OX,TE, P, S 4 0.4 1 Proteus mirabilis

OX, VA, P, AMP 4 0.4 1 Salmonella enterica

OX, VA, CIP, OXE 4 0.4 1 Klebsiella pneumoniae

TE, VA, S, OXE 4 0.4 1 E. coli

VA, P, AMP, OXE 4 0.4 1 E. coli

OX, TE, VA, P, S 5 0.5 1 Citrobacter freundi

OX, VA, P, S, FFC 5 0.5 1 Proteus mirabilis

OX, TE, VA, P, AMP, 5 0.5 1 Aeromonas hydrophila

OX, P, CN, FEC, OXE 5 0.5 1 Salmonella enterica

OX, TE, P, CN, AMP, 5 0.5 1 Proteus mirabilis

OX, VA, CN, AMP, OXE 5 0.5 1 Citrobacter freundi

OX, VA, P, FFC, OXE 5 0.5 1 Proteus mirabilis

OX, VA, P, AMP, OXE 5 0.5 1 Shigella species 18 (42.9)

OX, VA, B, S, AMP 5 0.5 1 E. coli

OX, VA, P, CIP, OXE 5 0.5 1 Shigella species 45.89 <0.01%

OX, VA, P, CN, AMP 5 0.5 1 Citrobacter freundi

OX, P, AMP, CIP, OXE 5 0.5 1 Pseudomonas aeruginosa

TE, VA, P, AMP, OXE 5 0.5 1 Aeromonas hydrophila

TE, VA, P, S, OXE 5 0.5 1 Pseudomonas aeruginosa

TE, VA, S, AMP, FEC 5 0.5 1 Kilebsiella pneumoniae

VA, P, CN, AMP, OXE 5 0.5 1 Klebsiella pneumoniae

TE, P, CN, CIP, OXE 5 0.5 1 Proteus mirabilis

TE, P, S, AMP, OXE 5 0.5 1 E. coli

OX, VA, P, CN, AMP, FFC 6 0.6 1 Pseudomonas aeruginosa

OX, TE, P, S, AMP, FFC 6 0.6 1 E. coli

OX, TE, VA, P, AMP, OXE 6 0.6 1 Pseudomonas aeruginosa

OX, VA, CN, S, AMP, OXE 6 0.6 1 Proteus mirabilis

OX, VA, P, CN, S, OXE 6 0.6 1 E. coli 9(21.4)

OX, VA, P, S, AMP, OXE 6 0.6 1 Proteus mirabilis

TE, VA, P, CN, S, OXE 6 0.6 1 E. coli

TE, VA, P, S, AMP, FFC 6 0.6 2 Proteus mirabilis, Shigella species

OX, TE, P, AMP, FEC, CIP, OXE 7 0.7 1 E. coli

OX, TE, P, CN, FFC, CIP, OXE 7 0.7 1 E. coli

OX, TE, P, S, AMP, CIP, OXE 7 0.7 1 Salmonella enterica 4(9.5)

OX, TE, VA, P, S, AMP, OXE 7 0.7 1 Citrobacter freundi

OX, VA, P, S, AMP, FFC, CIP,OXE 8 0.8 1 Proteus mirabilis 1(2.4)

AMP: Ampicillin; CIP: Ciprofloxacin; FFC: Florfenicol; CN: Gentamicin; OXE: Oxytetracycline; OX: Oxacillin; P: Penicillin; S: Streptomycin ;TE : Tetracycline ; VA: Vanco-
mycin. Multiple antibiotics resistance (MAR) ;x* = Chi Square test; # = Significant at p < 0.05.
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to penicillin, oxacillin, vancomycin, ampicillin, oxy-
tetracycline, and tetracycline, but they were found to
be sensitive to ciprofloxacin, gentamycin, and florfen-
icol, which was similar to the findings of [29, 30]. The
susceptibility of the bacteria to ciprofloxacin, gentam-
ycin, and florfenicol might be due to the less frequent
utilization of these antibiotics in aquaculture. The
resistance of the bacteria species could be due to the
extensive and indiscriminate use of drugs like vanco-
mycin, ampicillin, oxytetracycline, and tetracyclines
which are easily accessible over-the-counter antibi-
otics and have been the hallmark of antimicrobial
treatment administered either in feeds or in baths in
fish farming [31]. More so, several of these drugs are
non-biodegradable, leading to an increase in selective
pressure and thus has resulted in an increase in the
occurrence of drug resistance in fish-pathogenic bac-
teria [32]. The high prevalence of antibiotic resistance
observed in Gram-positive bacteria in this study has
also been reported by Ayadiran and Dahunsi [33],
who reported the highest rate of multiple antibiotic
resistance in Gram-positive bacteria. This could be
due to the ubiquitous nature of the Gram-positive
bacteria in the culture environment of the fish.

Multi-antibiotic resistance (MAR) indexing is
well known as an efficient and less expensive meth-
od of tracking bacteria sources [34]. As a result, the
MAR index is a useful method of ascertaining
the risk of pollution that could threaten the life of
an animal [35]. The multidrug resistance (MDR)
of the isolates was identified by observing the re-
sistance pattern of the isolates to the antibiotics
used. Varying antibiotic resistance patterns were
observed for the different species of bacteria iso-
lated in the study area. However, it was observed
that bacterial species of the same genus displayed
different antibiotic resistance patterns. Antibiotic
resistance patterns may vary depending on the
geographical location, management practice, and
selective pressure [35], and these patterns change
rapidly from time to time. The different patterns
exhibited by different strains or species suggest
how complex the understanding of the antibiot-
ic’s resistance is in the study area.

The MAR index analysis reveals that 97.3% of
both Gram-positive and Gram-negative bacteria had
a high MAR index value (> 0.2). This was similar to
the findings of Kathleen et al. [35] and Adinortey et
al. [31]. The high MAR index recorded indicates high
contamination with antibiotics. The difference in the
MAR index shows the impact of the use of antibiotics
in the sampled fish farms. Diseases caused by bacte-
ria with a high MAR index will be a great challenge
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to curb, leading to high mortalities and reduced profit
on investment. Because bacteria possess multiple re-
sistance mechanisms, this will aid in the reduction of
antibiotic activity for both prevention and therapeutic
purposes [36]. More so, the observed trend of mul-
tidrug-resistant strains poses a major public health
concern globally, and there is a need to come up with
effective policies and implementation plans to address
these concerns.

In conclusion, the results from this study re-
vealed the diversity of bacteria organisms with-
in fish farms that are pathogenic to both fish and
humans, which may pose a serious public health
challenge to consumers when the fish are not
properly cooked or handled. There is a high prev-
alence of antibiotic resistance, which may have
environmental, public health, and global impli-
cations. Therefore, there is a need to implement
optimal and more strict preventive management
measures in fish farms that will prioritize adher-
ence to practices as this will go a long way to
helping produce healthy and wholesome fish as
well as boost productivity. Controlled use of anti-
biotics in fish farming is very important, to avoid
the occurrence and spread of antibiotic resistance
and further complicate clinical management of
the disease. Consequently, it has been strongly
recommended that programs to monitor and reg-
ulate the usage of antimicrobial agents and the
occurrence of antimicrobial resistance be advo-
cated.

Materials & Methods

Study area and design

The study was carried out in Kaduna State, which is located at
a geographic coordinate of latitude 10° 36' 33.54"N and Longitude
7° 25' 46.2144"E located in the northwestern part of Nigeria. It
approximately occupies a total landmass of 48,473.2 square kilo-
meters and has a population of more than 6 million people [37].
A cross-sectional study involving multistage random sampling
of 15 active, grow-out fish farms from four local government ar-
eas (Sabo Gari, Kaduna North, Kaduna South, and Zaria Local
Government Areas) of Kaduna State were sampled. Sampling was
carried out based on the convenience and willingness of the fish
farmers to participate in the study.

Fish sample collection

Samples of seventy-five live Clarias gariepinus (C. gariepinus),
five fish per farm, were randomly selected from active productive
grow-out farms within the study area. C. gariepinus fish with dif-
ferent total lengths of > 12-35 cm and weights of 350 g — 1 kg were
included in the study. The fish were caught using a fishnet from
earthen ponds, plastic and concrete tanks between the hours of
06: 00 and 08:00 and put into a plastic bucket with a perforated
cover containing water to ensure the survival of the fish samples.
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They were later transported to the microbiology laboratory of the
Faculty of Veterinary Medicine, Ahmadu Bello University, Zaria,
for further processing within 2 hours post-collection.

Each live fish was sacrificed (by brain spiking to minimize
suffering) and placed on a clean stainless tray dorsally, and a swab
(sterile cotton wool soaked in 70% alcohol) was used to clean the
fish from the operculum to the abdominal area to reduce bacterial
load. The operculum of the fish was lifted to expose the gills, and
swabs of the gills were taken for bacterial isolation using sterile
swab sticks.

Isolation and identification of bacterial isolates

The examination was conducted to isolate, identify, and con-
firm bacterial isolates from Clarias gariepinus. Conventional
methods of bacterial isolation, such as growth and morphology
on selective media, were employed. The sterile swab sticks were
used to swab the gills of the sampled fish and were put into the
nutrient broth and incubated at 37 °C for 24 hrs for the growth of
microorganisms. After incubation, a loopful of the sample was
picked with a sterilized loop and streaked on the Nutrient agar
plate for the isolation and purification of bacteria colonies. Mac-
Conkey agar plate was used to grow Gram-negative organisms
and to distinguish between lactose fermenter and non-lactose

fermenter bacteria. Eosin methylene blue agar (Oxoid, UK) was
used for the isolation of E. coli, Citrobacter species, and Klebsiel-
la species. Salmonella Shigella agar (Oxoid, UK) for Salmonella
and Shigella species [38, 39]. The agar plates were then incubated
for 18-24 hours at 37 °C, and subculturing of the discrete colonies
from the different agar plates onto fresh agar plates was carried

out aseptically to obtain pure colonies of isolates. The hemolytic
activity of the bacteria was determined on blood agar. The bac-
teria were then identified using morphological characteristics,
Gram staining, and biochemical tests such as motility test, oxi-
dase test, catalase test, triple sugar iron (TSI), indole test, urease
test, citrate utilization test, methyl red test, oxidative fermentation
test, Voges Proskauer test, nitrate reduction test, and gelatin lique-
faction test [39]. All reagents for biochemical tests were prepared
according to manufacturer instructions (Difco ®, Laboratories,
USA and Oxoid ®, London, UK) and the results were interpreted
using the manual for bacteria identification [38] and online ABIS
(Advanced Bacteriological Identification Software) [40]. Antibi-
otic susceptibility test

The susceptibility to antimicrobial drugs was carried out on
each of the identified bacterial isolates using the disc diffusion
method on Mueller-Hinton agar plates (MHA) (Oxoid Bas-
ingstoke, UK) with inocula adjusted to an optical density of 0.5
McFarland standard unit [40]. Pure bacterial isolates were inoc-
ulated into the nutrient broth and incubated at 37 °C for 24 hrs.
After that, the growth in the nutrient broth was inoculated and
swabbed on Mueller-Hinton agar plates. Ten common antibiot-
ics, including ampicillin (10 pg), ciprofloxacin (5 pg), florfenicol
(30ug), gentamycin (10 pg), oxacillin (5 pg), oxytetracycline (30
pg), penicillin (10 units), streptomycin (10 pg), tetracycline (30
ng), and vancomycin (30 pg), were dispensed on the swabbed
plate using an automatic multi-disc dispenser (Bioanalyse) and
incubated at 37 °C, for 18—36 h [42]. All the antibiotic discs used
were supplied by Oxoid, UK. The results of the antibiotic suscep-
tibility test were interpreted following standard measurement of
zones of inhibition from the back of the agar plate to the nearest
mm using a ruler and were interpreted as sensitive (S), intermedi-
ate (I), or resistant (R) according to the Clinical Laboratory Stan-
dard Institute [41].

Multiple Antibiotic Resistance (MAR) Index

The MAR index for each bacterial isolate was determined
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from the results of the disc diffusion method. It was calculated by
dividing the total number of antibiotics to which the bacteria iso-
lates were resistant by the total number of antibiotics used on the
isolates. Multi-drug resistance was defined as resistance greater
than or equal to four antimicrobials [43].

Data analysis

Data from the isolates were used for the determination of
the prevalence rates of the bacterial isolates. The percentage re-
sistance of the bacteria was also calculated for each of the anti-
biotics. The prevalence rate of bacteria isolates was ascertained
as the number of times the bacteria organism was identified over
the total number of times all the bacteria species were identified.
The resistance rates for each antibiotic were calculated. The de-
gree of resistance for each antibiotic from the different farms was
compared using the chi-squared and student’s t-test. Values of p <
0.05 with a 95% confidence interval were considered significant.
A one-way ANOVA with Tukey’s posthoc test was performed to
compare the differences in antibiotic-resistant bacteria from the
various sources.
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Effects of subcutaneous progesterone injection as a
short-time estrus synchronization protocol in ewes: a
preliminary study

Behnam Valizadeh, Masoud Rajabioun, Mohammad Azizzadeh, Babak Khoramian Toosi
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The present study aimed to evaluate the effect of short-time progesterone injection subcutaneously (SC) on estrus syn-
chronization of Baluchi ewes. All ewes received one dose of PGF2a (15 mg) and then were divided into two groups. In
the P4 group, a combination of progesterone and propylene glycol was subcutaneously injected twice at the three-day
interval, and a vaginal sponge was used in the control group for 6 days. On day 6, all ewes received 400 IU of eCG. 48h
after eCG injection, two rams were introduced into the flock. Blood samples were taken daily from Day 0 to Day 13 to
measure serum progesterone concentration. Ultrasonography was used to observe ovaries and monitor their changes at
three-day intervals. In P4 and control groups, the estrus rate was 88.9% and 100% for P4 and control groups, respective-
ly; the duration of estrus for the P4 and control groups was 8 and 8.5 days, respectively (p >0.05). No significant differ-
ence was observed in the size of the largest follicle and the number of follicles more than 2 mm in diameter between the
treatment and control groups. Further studies with some changes and modifications are required for gaining acceptable

fertility and prolificacy rates.
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Introduction

Several protocols are used to induce and syn-
chronize estrus or/and ovulation in ewes. One
of the most common methods used for estrus syn-
chronization in flocks is using intra-vaginal proges-
terone combined with eCG treatment. In this method,
intra-vaginal progesterone was used to simulate cor-
pus luteum (CL) which its removal coincident with
eCG injection can result in ovulation. Insertion of a
CIDR in anestrus goats leads to an increase in serum
progesterone concentration (more than 5 ng/ml) for
3 or 4 days, which is higher than that observed in
the middle stage of the physiological luteal phase.
After 6-day treatment, the concentration of serum
progesterone has been reduced to less than 2 ng/ml
and remained low until CIDR removal [1]. The pro-
file of serum progesterone with the above-mentioned
treatment protocols is different from what is observed
during the normal estrous cycle; low at the beginning
which increases and remains high until luteolysis (the
end of the cycle). In ewe, sub-luteal level of proges-
terone leads to excessive growth of the largest follicle
and its persistence, which causes an increase in the
age of ovulatory follicles. In old methods, progester-
one was used as long as corpus luteum existed (12
days), regardless of the stage of the cycle or follicu-
lar state of the ovary. Therefore, 12-day progesterone
treatment could lead to ovulation of old follicles in
those ruminants [2].

Long-term progesterone treatment effectively re-
sults in estrus synchronization but leads to different
pregnancy rates. These protocols were designed be-
fore the 1990 decade, which is not in agreement with
the current understanding of follicular dynamics [3].

Sareminejad et al (2014) reported that estrus rates
in three study groups, using MAP sponge for 6 days,
using MAP for 12 days, and a control group, were
93.33%, 91%, and 5.26%, respectively (p > 0.05) [4].
Ataman et al (2006) reported estrus rate during the
breeding season; by using progesterone sponge for 7
or 12 days, the estrus rate was 100% and that of the
non-breeding season was 93.3% and 86.6%, respec-
tively (p > 0.05) [5]. Contreras-Solis et al (2008) indi-
cated that subcutaneous progesterone injection with
olive oil and propylene glycol could maintain plasma
progesterone at a high level for 41 and 89 hours, re-
spectively. In the propylene glycol group, plasma pro-
gesterone concentration was higher than 0.5 ng/ml
for 52 hours [6]. Various investigations showed that
treatment with a high dose of progesterone in repro-
ductive programs for a short period could improve
the control of follicular dynamics and pregnancy rate
in small ruminants [7].

The present study aimed to investigate a low-cost
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and practical method for delivering progesterone as
part of an estrus synchronization protocol in ewes.

Results

The The lowest serum progesterone concentra-
tion after eCG injection did not differ significantly
between the two groups (p > 0.05) (88.9% vs 100%
in P4 and control groups, respectively). Furthermore,
the level of progesterone less than 0.5 ng/ml was con-
sidered as a criterion for ewes to be in estrus. The me-
dian, the first, and third quartiles of the duration of
estrus were 8, 7, and 10.5 days in the treatment group,
and 8.5, 7, and 11 days in the control group (p > 0.05).
The median estrus duration was compared between
the two groups and is shown in Figure 1. Time-in-
terval between eCG injection and displaying estrus in
the P4 and control groups were 5.3 and 4 days, re-
spectively (p > 0/05).

By using ultrasonography at 25 days after removal
of rams, 4 from 9 ewes in the P4 group and 8 from 10
ewes from the control group became pregnant (mean
litter size was 1.25 and 1.37, respectively).

Results of the present study showed that two in-
jections of progesterone along with propylene glycol
(SC) at three-day intervals could maintain the pro-
gesterone level of more than 1 ng/ml in all ewes (Ta-
ble 2). Also, the comparison of the mean progester-
one concentration (ng/ml) between the two groups
showed no significant difference within days 6 to 12
of the study (p = 0.227) (Figure 2).

Median, first quartile, and third quartile of the
diameter of the largest follicle in the treatment group
on day 6 were 6.27, 6.04, and 6.40, respectively. Medi-
an, first quartile, and third quartile of the diameter of
the largest follicle in the control group were 6.06, 5.86,
and 7.40, respectively. No significant difference was
observed between these groups (p > 0.05) (Table 3).

The difference in follicle diameter and the num-
ber of follicles larger than 2 mm in diameter between
the two groups was not statistically significant (p >
0.05) (Figure 3).

Discussion

According to new estrus synchronization meth-
ods, a 5- to 7-day P4 treatment seems to be sufficient
for inducing estrus in ewes. The protocol used in the
present study contained fewer injections and had less
duration than the intra-vaginal method which made it
more practical, cost-effective, simple, and quick. Dix-
on et al. (2006) reported that a high dosage of proges-
terone delivered by two CIDR-G devices for 12 days
lead to considerable estrous response and a high fer-

Short time synchronization protocols using subcutaneous
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Table 1.
Comparison of pregnancy rate, twinning and litter size between two groups
Groups  Non-pregnant sheep single lamb twins Litter size
P4 5 3 1 1.25
Control 2 5 3 1.37
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Table 2.
The concentration of plasma progesterone from day 0 to 6 in P4 group (ng/ml)
Groups Day 0* Day 1 Day 2 Day 3** Day 4 Day 5 Day 6
Mean 2.4 4.9 3.6 3.2 5.8 5.7 4.2
SD 2.2 2.7 1.9 1.8 1.7 1.6 2.4
Minimum 0.00 2.1 1.01 0.98 3.93 3.54 1.40
Maximum 7.026 10.44 7.44 7.49 9.74 9.06 7.92
* Day 0 was just before first progesterone injection
** Day 3 was just before second progesterone injection
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Table 3.
Comparison of the largest diameter of the follicle (cm) from day 6 to 12 between two groups
Groups Min First quartile Median Third quartile Max
P4 4.24 6.04 6.27 6.40 6.85
Control 4.62 5.86 6.06 7.40 8.81

tility rate. The mean plasma level of progesterone in
ewes received two CIDRs simultaneously in their va-
gina for 12 days remained more than 1.4 ng/ml with
a 97.7% estrus rate [8]. Pearce et al. (1985) reported
that intra-vaginal sponges impregnated with 200 mg
or 400, 500, or 600 mg progesterone resulted in the
maintenance of plasma progesterone concentration of
1.5-4.9 ng/ml over a 12-day insertion period and cre-
ate a condition similar to natural luteal phase (1.9-6.9
ng/ml) [9]. Results of the present study showed that
in the P4 group the mean serum progesterone level
during 6 days of synchronization protocol was 3.2-
5.8 ng/ml with the minimum and maximum of 1.01
and 10.44 ng/ml. Considering mean progesterone
concentration during the synchronization program, it
showed that subcutaneous injection of progesterone
in combination with propylene glycol could be an ef-
fective method for estrus synchronization in ewes. In
the previous-mentioned study, 200 mg of progester-
one was dissolved in corn oil and injected intramus-
cularly twice at 2.5 days intervals. Results showed
that all ewes gave birth during the first 8 days of the
parturition period, which indicated proper estrus syn-
chronization [10]. In the present study, the estrus rate
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in the treatment and control groups was 88.9% and
100%, respectively; which no significant difference
was observed between the two groups. Also, the me-
dian of the duration in which progesterone level re-
mained less than 0.5 ng/ml in P4 and control groups
were 2 and 2.5, respectively; moreover, the time that
progesterone level reached its lowest level was day
3.5 and day 4.5 in P4 and control group, respectively.
Robinson et al. removed sponge consisting of 10, 20,
and 40 mg progesterone after 12 days and reported
29, 43-48, and 48-53 hours for the estrus occurrence
peak, respectively which showed a relative delay in
the peak of estrus occurrence, representing that by in-
creasing progesterone, a rise in the plasma progester-
one level was observed [11].

In this study, no difference in the size of the larg-
est follicle and the number of follicles larger than 2
mm was observed during the observation of ovaries
and follicles. This relative similarity in terms of the
diameter of the largest follicles in the two groups was
proportionate and was following the relative similari-
ty in the estrus rate between the two groups. Johnson
et al. (1996) indicated the larger follicle diameter in
low progesterone concentration (1 ng/ml>) compared

Short time synchronization protocols using subcutaneous
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to high progesterone concentration (1 ng/ml<) [12].
Results of the present study showed that plasma
progesterone concentration in the P4 group was more
than 1 ng/ml during the estrus synchronization proto-
col while we could not measure the plasma proges-
terone concentration during the synchronization pro-
tocol in the sponge group. An investigation showed
that sheep with a low level of plasma progesterone
(less than 1 ng/ml) had larger and older follicles com-
pared to sheep with a high level of plasma progester-
one, which resulted in a lower pregnancy rate [12].
Furthermore, the progesterone concentration during
estrus in the control group was lower than in the P4
group which may lead to a higher estrus rate and preg-
nancy rate in the control group. In the artificial insem-
ination technique, if the estrus occurs on certain days,
the high fertilization rate will be predictable while in
natural breeding programs shorter duration of estrus
in the P4 group may lead to a lower pregnancy rate.
In conclusion, two subcutaneous injections of
progesterone as a synchronization protocol may be
used as a practical cost-effective method of estrus
synchronization however, further studies with larg-
er sample sizes and minor changes are required to
achieve an acceptable fertility and prolificacy rates.

Materials & Methods

The present study was performed in the farm animal and

poultry research center of the Ferdowsi University of Mashhad,
Mashhad, Iran (latitude 35° 43’ to 37° 8N and the longitude 59°
4’ to 60° 36’E). The selected ewes were not lactating and the study
was performed at least three months post-lambing, also they had
no observable general or reproductive disease. 5 ewes were ex-
cluded from the study due to illness or other problems and the
investigation started with 19 sheep. The diet of ewes was balanced
based on NRC. Ewes were divided into two groups randomly. The
treatment group (P4): consisted of 9 ewes, which received 15 mg
prostaglandin intramuscularly (vetalyse, Aburaihan, Iran) and af-
ter 3 hours 25 mg progesterone (Vetagestrone, Aburaihan, Iran)
with 4mL propylene glycol injected subcutaneously. After 3 days,
400 IU eCG was injected intramuscularly and after 48 h, two rams
were introduced into the flock and stayed for 5 days.
The control group: consisted of 10 ewes that received one dose of 15
mg prostaglandin (vetalyse, Aburaihan, Iran) intra-muscularly and
after 3 hours an intra-vaginal progesterone sponge consisting of 60
mg MPA (Sponjavet, Hipra, Spain) was used for 6 days and 400 TU
of eCG was injected intramuscularly after sponge removal (Gonaser,
Hipra, Spain). After 48 h, two rams were introduced into the flock
for 5 days.

MINDRAY DP-6600VET and rectal linear probe with fre-
quencies of 7.5 and 10 MHz were used for ultrasonographic eval-
uation of ovaries. All ewes were 15-20 hours off-feed before the
ultrasonographic examination. Ultrasonography of both ovaries
was done from day 0 until day 13 and the follicular map was re-
corded. The follicles larger than 2 mm in diameter were mapped.
Blood samples were collected daily for 13 consecutive days from the
first day. The blood samples were centrifuged immediately at 3000 x
g for 20 min, and collected blood serums were stored at —20 °C until
progesterone measurement. The concentration of progesterone was
determined by ELISA. (DRG, Germany). The P4 concentration of
less than 0.5 ng/ml was considered as a criterion for ewes to be in
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estrus.

A Chi-square test was used to compare the estrus rate be-
tween the two groups. Mean progesterone levels were compared
between two groups by using the ANOVA test. Mann-Whitney
U test was used to compare the average diameter of the largest
follicles, the number of follicles larger than 2 mm, and to com-
pare the estrus duration and the number of embryos and lambs
between two groups. Statistical analysis was performed using
SPSS software. A p-value less than 0.05 was considered statisti-
cally significant.
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The developmental error of the first pair of pharyngeal arch processes would result in a group of malformations related
to the oral cavity. These malformations can be listed as agnathia, micrognathia, brachygnathia, syngnathia, cleft palate,
campylognathia, parrot beak, and strophocephalia. Campylognathia is an anomaly in which the lower or upper jaw de-
viated from the midline. Clinical examination of a newborn female Holstein Friesian calf showed mandibular deviation,
inferior and superior cheek teeth deformation, and some other facial malformations. No similar case was detected in
the history of the herd. Precise consideration of malformed animals and the extent of involvement of different struc-
tures indicates the pattern of malformation, the time of teratogenic effect, and the motive embryonic structures. In the
present case, the involvement of derivatives of both maxillary and mandibular processes shows the responsibility of
the first pharyngeal arch for mentioned abnormalities. In humans, different types of abnormal development of the first
pharyngeal arch have been reported and so, have been classified under the “first visceral arch syndrome” But according

to the infrequency of reports, this classification has not been done in domestic animals.
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Introduction

he mesenchyme of the first pair of pharyngeal

arches gives rise to dorsal maxillary and ven-
tral mandibular prominences. These facial structures
converge and fuse in the midline enclosing an invagi-
nation of ectoderm, the stomodeum. The ventral man-
dibular prominences contribute to the formation of
the lower jaw while the paired maxillary prominences
procedure the upper jaw [1]. The developmental error
of these structures, often due to the lack of migration
of neural crest cells to the first pharyngeal arch, leads
to a group of malformations related to the oral cav-
ity [2]. The developmental error of these structures
would result in a group of malformations related to
the oral cavity. These malformations can be listed as
agnathia, micrognathia, brachygnathia, Syngnathia,
cleft palate, campylognathia [3,4], parrot beak, and
strophocephalia [5]. Campylognathia is an anomaly
in which the lower or upper jaw deviated from the
midline [6]. It has been reported in geese [7], horses
[8], sheep [4], and cows [9]. Lack of maternal protein
and vitamins, infectious diseases, radiation, folic acid
deficiency, teratogens, and endocrine disorders at the
beginning of organogenesis lead to the formation of
these malformations [10,11]. In humans, this anoma-
ly has been reported as one of several malformations
of the “First Arch Syndrome”. But, in animals, no clas-
sification has been made on the pharyngeal arch ab-
normalities. In the present work, we aim to describe a
Holstein Friesian calf with severe inferior campylog-
nathia associated with the cleft palate and oligodontia
from the Kerman province for the first time.

Case Presentation

A seven-day-old newborn female Holstein Frie-
sian calf was referred to the veterinary hospital, Sha-
hid Bahonar University of Kerman. On the clinical
examination, mandibular deviation, respective upper
and lower cheek teeth deformation, and malformation
of the buccal and masseter regions on the left side of
the face was seen (Figure 1). Regarding the history of
the herd, it was the fifth delivery of the mother and the
previous deliveries were normal, this was the first case
in the herd, also no sign of poisoning was found and
no medicine was used during pregnancy. TRP (Tem-
perature, Pulse, Respiratory rate), and other vital signs
have been normal. The calf had fed her mother milk.
There was no symptom of respiration pneumonia, but
milk was fed flow out from both nostrils during feed-
ing. According to the severity of malformations, the
animal was sacrificed and dissected. The necropsy was
revealed a severe mandibular deviation to the left side
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of the face (Figure 2A). The ramus on the left side was
short without any remnant of the condylar process
(Figure 2B). The ipsilateral masseter muscle has a very
poor configuration. The origin of the masseter on the
facial bones was distorted and its insertion was seen
as sparse fascicles on the abnormal mandibular ramus
(Figure 2C). According to the shortening of the ra-
mus, the caudal portion of the medial pterygoids was
exposed. Both mandibular and maxillary oligodontia
and Crooked teeth were seen in the right and left jaws.
The rostral part of the hard palate was intact but a lon-
gitudinal cleft extended from the dental pad caudally
to the pharyngeal region to involve both hard and soft
palates (secondary cleft palate). The right external ear
was intact. The left auricle has been formed but no
external auditory meatus was detected. The left man-
dibular ramus was narrow and deformed. No other
abnormalities were observed in the dissection of the
brain and other organs. Also, the absence of ataxia,
neurological symptoms such as turning around, head
pressing, or any clinical neurological symptoms in-
dicated the absence of this type of brain involvement
and confirmed the anatomical evidence.

Figure 1.

A) Left view of the face of affected animal. B) Malformed buccal
region results extension of the oral commissure nearby the external
ear.
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Figure 2.

A) Mandibular campylognathia. B) Secondary cleft palate (arrows). C) Exposition of the medial
pterygoideus according to the malformation in the mandible. The oligodontia is also seen in the
mandibular (arrowed A) and maxillary (arrowed B).
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Results & Discussion

According to the interaction of several organ
systems, the morphogenesis of the face seems very
complicated [12]. It is known that the fetal organs
such as the facial processes, the pharyngeal arches,
and the developing brain, would deeply relate to the
formation of the face in early embryonic life [12,13].
So, in the evaluation of the facial anomalies, attention
should be paid to the derivatives of each embryon-
ic precursor. Precise consideration of the malformed
animals and the extent of involvement of different fa-
cial structures, revealed the pattern of malformation,
the time of the effect of teratogen, and the motive
embryonic structures [14]. In the present case, all of
the detected disorders incriminate the first pharyn-
geal arch. Secondary cleft palate deviated mandible
and its rudimentary ramus, malformed masticatory
muscles, and oligodontia support the involvement of
the maxillary and mandibular processes of this arch.
Clefts of the face are developmental disorders due to
failure of closure in facial processes such as the fron-
tonasal, maxillary, and mandibular processes. They
can be asymmetric unilateral or median symmetri-
cal clefts. In the ruminants, the most reported type
of these disorders is the secondary cleft palate, which
is shaped due to failure of the growth of the maxillary
processes of the first pharyngeal arches, but cleft pal-
ate accompanying with the campylognathia reported
as a rare anomaly in the herbivores [8]. In the present
case involvement of derivatives of both maxillary and
mandibular processes shows the responsibility of the
first pharyngeal arch for mentioned abnormalities.
In humans, different types of abnormal development
of the first pharyngeal arch have been reported and
so, have been classified under the “first visceral arch
syndrome” [15]. But according to the infrequency of
reports, this classification has not been done in do-
mestic animals.

Since the growth of teeth and the development
of the craniofacial structures are affected by similar
biological factors such as BMP, FGF, SHH, and WNT
[16,17], therefore in many abnormal cases, malfor-
mation of these structures are accompanied by each
other, as we saw in this case.

The critical period of fusion of facial fissure
and palate took place at days 34 and 56 of gestation,
respectively [18]. Although a genetic basis has been
determined for the cleft palate (multifactorial or au-
tosomal inheritance in the Charolais breed) and man-
dibular deformations (brachygnathia inferior) (poly-
genic inheritance in the Simmental breed) [8,19,20]
as we did not find any similar case in the herd history
and previous parturitions, also there was evidence of
no poisoning and no change in diet, it may be stated
that the present case has been exposed to environ-
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mental teratogens such as poisonous plants and vi-
ruses (e.g. Bluetongue virus) in the first two months
of embryogenesis [21].
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Unilateral renal torsion in a lamb
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In ruminant, the kidneys are a major excretory organ that eliminate metabolic byproducts and regulate water-electro-
lyte homeostasis and maintain acid-base balance in the body. Therefore, kidney abnormalities cause a life-threatening
effect on ruminants’ health. Renal torsion has not been reported in any animal species. In the present report, a case of a
two-month-old male lamb that has unilateral renal torsion has been described. In necropsy, the twisted left kidney was
severely congested and was enlarged in size. Histopathological studies revealed renal tubular and glomeruli necrosis.
Vascular changes consisted of congestion and thrombi in the blood vessels. Abnormalities in the embryonic devel-
opmental period and increased mobility of the renal structure due to ligaments associated with a twisted kidney are

suspected causes of the occurrence of renal torsion.
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Introduction

he kidneys are located in pairs in the sub-

lumbar and retroperitoneal regions. They
regulate water-electrolyte homeostasis and maintain
acid-base balance in the body [1, 2, 3]. Each kidney
has a convex lateral border and a concave medial bor-
der [1, 2]. In the medial border of the kidney, there
is a fossa called the hilus, in which the nerves, arter-
ies, and ureters of the kidney are located. Around the
kidneys, depending on the animal species, a mass of
adipose tissue called perirenal fat is seen. These fat
masses are involved in maintaining the kidneys in
their position in the abdominal cavity [1, 2].

The rotation of the kidney around its vascular
pedicle is a very rare condition. To our knowledge re-
nal torsion has not been described in animals. In hu-
man beings, renal torsion is an unusual surgical com-
plication and causes occlusion of vascular structure
and parenchymal infarction [4,5,6]. Renal torsion was
reported in humans after kidney-pancreas transplant
surgery usually in infants which have a prune-belly
syndrome or any condition that allows the organ to
move freely within the pelvis [4, 5, 6]. Probable causes
of renal torsion in humans include the excess vascu-
lar pedicle or ureteral length, and lack of adhesion,
which allows for abnormal mobility of the kidney and
a higher probability of twisting [4, 5]. Renal torsion
causes severe abdominal pain and decreased urine
output and may occlude the ureter, resulting in hy-
dronephrosis or renal pelvic wall thickening [4, 5].
Therefore, any damage and dysfunction of the kid-
neys can lead to serious complications. Renal torsion
in a lamb which has led to kidney damage has been
reported for the first time.

Case Presentation

In the winter of 2021, a dead two-month-old
lamb was submitted to the veterinary clinic of Urmia
University for necropsy. According to the owner, the
animal died suddenly and before that, it only showed
a decrease in appetite and activity. Because of sudden
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DOI:10.22067/ijvst.2022.74358.1104

Case Report

death, it was not possible to obtain blood samples
and laboratory tests. Post mortem examination of the
lamb revealed the presence of unilateral renal torsion
of the left kidney in the lamb (Figure 1). The kidney
was dark brown and enlarged in size (renal length:
9.5 cm, width: 6.2 cm). Dimensions of the normal
kidney were 6.3 x 3.8 cm. Appropriate tissue samples
were taken from the kidney and were fixed in 10%
neutral buffered formalin for 24 hr. The sections were
stained by the hematoxylin and eosin (H&E) method.
Histopathological studies revealed renal tubular ne-
crosis characterized by pyknotic nuclei that sloughed
into the lumen of the tubules (Figure 2). The glomer-
uli tuffs were atrophied. Severe vascular changes com-
prised congestion and thrombi in the blood vessels.
The interstitial tissue was diffusely expanded by ede-
ma and hemorrhage (Figure 2).

Discussion

Renal torsion in lamb has not been reported in the
literature. The compression on the vessels due to the
torsion is such that arterial blood still gets into the or-
gan because of their thick muscular wall but the pres-
sure on the thinner-walled veins, restricts the blood
outflow and venous blood accumulation, resulting in
edema, congestion, hemorrhage and eventually ne-
crosis [9, 10]. Ureteral obstruction is associated with
urinary retention and destruction of the renal paren-
chyma, leading to enlarged kidneys [9, 10]. Unilateral
ureteral obstruction can quickly cause the infiltration
of inflammatory cells into the interstitial tissue of the
kidney [9, 10]. Oxidative stress appears to play a key
role in the onset and continuation of inflammation af-
ter obstruction, resulting in renal tubular damage and
interstitial tissue fibrosis [11, 12]. The histopathologi-
cal findings of this case show that renal torsion caused
necrosis in renal tubules and glomeruli. According to
the human medical literature, renal torsion can be an
early or late complication and may be incomplete and
intermittent [7, 8]. In the best of circumstances, renal
torsion can be repaired; in the worst cases, the kidney
is lost [7, 8].

Figure 1.

The necropsy of the two-month-old
lamb after sudden death. A) The axis
of renal torsion around the vascular
pedicle (circle). B) The sagittal sec-
tions of the normal and abnormal
kidneys. Severe congestion and en-
larged size are obvious.

Renal Torsion
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Since this abnormal condition of kidney torsion
has occurred at a very young age, it is likely to be due to
a disorder in the fetal developmental stage. However,
no increase in length was observed in the examination

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

of ligaments related to the twisted kidney, therefore
the possibility of torsion due to increased mobility of
the renal structure seems unlikely, although it can be
one of the causes.
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writing the manuscript.
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Figure 2.

Histopathological study of a section from the kidney.
A) The interstitial tissue is diffusely expanded by ede-
ma, severe congestion, and hemorrhage. B) Severe
vascular changes including congestion and thrombi in
the blood vessels were seen. C) Epithelial cells lining
the tubules are necrotic, and the glomeruli tuffs are
necrotic and atrophied. H&E x100.
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SCOPE

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

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

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

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

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

OPEN ACCESS POLICY

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

COPYRIGHT

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

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

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

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

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

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

SUBMISSION

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

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

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

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

Endnote manuscript library file (Vancouver style can be downloaded from the IJVST website)
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Copyright assignment form (can be downloaded from IJVST website)
Conflict of interest and author agreement form (can be downloaded from the IJVST website)

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

Email: ijvst@um.ac.ir;

Tel: +98 51 3880-3742

PREPARATION OF MANUSCRIPT

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

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

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

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

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

Title Page

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

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

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

Conceived and designed the experiments: HD, SS. Performed the experiments: SS. Analyzed the data:
HD, SS, MMM, ARB. Research space and equipment: HD, MMM, ARB. Contributed reagents/mate-
rials/analysis tools: HD. wrote the paper: SS, HD.

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

Abstract

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

Keywords

For indexing purposes, each submitted manuscript should include three to seven 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 findings and their limitations, relate the
observations to other relevant studies, and links the conclusions with the goals of the study. Recom-
mendations, when appropriate, may be included.

Materials and methods

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

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

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

Mouse beta actin gene: Actb

Bovine beta actin gene: ACTB

Chicken beta actin gene: actb

Beta actin protein: ACTB

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

Bustin SA, Benes V, Garson JA, Hellemans ], Huggett ], Kubista M, Mueller R, Nolan T, Pfaffl MW, Shipley GL, Vandes-

ompele J, Wittwer CT. The MIQE guidelines: minimum information for publication of quantitative real-time PCR
experiments. Clin Chem. 2009 Apr;55(4):611-22.

The following information must be provided in the section:
Protocol for DNA/RNA extraction, including quantification and determination of purity;

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

qPCR: sequence of forward and reverse primers, probes, amplicon size, accession number of 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 specificity sis con-
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firmed.

References

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

Example piece of text and reference list :

An unhealthy diet, obesity and physical inactivity play a role in the onset of type 2 diabetes, but it has been shown
that increased physical activity substantially reduces the risk [1], and participation in regular physical activity is one of
the major recommendation of the evidence based guidelines for the primary prevention of diseases [2]. According to the
2004-05 National Health Survey, more than half a million Australians (3.5% of the population) have diabetes mellitus
which had been medically 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, Thompson A. Paediatric respiratory medicine. Oxford: Oxford University Press; 2015.

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

3. Johnson C, Anderson SR, Dallimore ], Winser S, Warrell D, Imray C, et al. Oxford handbook of expedition and 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.

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.

Tables

Please submit tables as individual files and editable text and not as images. Place all table notes
below the table body. Each table should have a title which is followed by explanation of 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 figures. Each table should be typewritten with double spacing on a separate file 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.

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

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.

The bar diagrams should be provided in color and in a well-designed and professional format.
Please do not use different shades of gray. The axes of diagrams should have titles and units. Also, the
source file of the image (Excel etc.) should be provided for typesetting.

Ilustrations should be numbered as cited in the sequential order in the text, with a legend at the
end of the manuscript. Color photographs are accepted at no extra charge. The editors and publisher
reserve the right to reject illustrations or figures based upon poor quality of submitted materials.

If a published figure is used, the publisher’s permission needs to be presented to the office, and the
figure should be referenced in its legend.

Use of Italics

Gene symbols, Latin terms (i.e. in vivo, in vitro, ex vivo, in utero, in situ, and etc.) and species
scientific names (using the binomial nomenclature), should be typed in italics, while the first letter of
the genus name must be capitalized (i.e. Homo sapiens).
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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. The journal members (editor, editorial board and the journal manager)
have agreed to meet the purposes and objectives of the Journal.

Ethical guidelines for authors:

Authorship Criteria

IJVST requires authors to confirm that they and their co-authors meet all four criteria for author-
ship based on the guidelines of The 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. Drafting 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.

The 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 conflict of interest

Written authorization from all authors for publication of the article is mandatory for IJVST to start
the review process. This form entitled “Conflict of interest declaration and author agreement form”
must be signed and completed by all authors. This statement and signatures certifies that all authors
have seen and approved the manuscript being submitted. Also, the authors by signing this form 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. The 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. The 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

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

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

Peer review (double-blind)

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

1. TITLE is clear and adequate

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

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

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

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

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

7. Conclusions are logically derived from the data presented.

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

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

10. References are appropriate.

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

12. Comments on the importance of the article.

Final Decision

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