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The Role of Bee Products in the Control of Antimicrobial
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!EI =] Abstract

The discovery of antibiotics saved many lives. Infections were not as deadly a problem
for clinicians as they once were. However, due to inappropriate and excessive use of
antibiotics, antibiotic resistance has increased dramatically worldwide. Infectious

* Corresponding author: Ulas ACAROZ diseases are becoming more challenging to control, and they cause increased morbidity
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Cellular phone: +90 544 7295531 with biofilms. To combat these drug-resistant microorganisms, several novel and
E-mail: ulasacaroz@hotmail.com alternative strategies have been identified. Bee products such as honey, bee pollen,

propolis, royal jelly, bee venom, bee wax, and bee bread have the potential of being used
as antimicrobial or antibiofilm agents in various industrial and medical applications.
Acaroz U, Kurek-Gorecka A, Olczyk P, Tas Although these products have some restrictions such as their varying and complex
N, Ali A, Paramanya A, Balyan P, Noor composition, they possess significant potential in the field of medical practices as
A, Kamaraj S, Malekifard F, Hosseini A, . . e e . . . e ..
; viable alternatives to antibiotics. They offer a potential solution to the issue of antibiotic
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resistance. The objective of this review was to offer a comprehensive analysis and
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Antibiofilm and Antimicrobial Activities of Bee Products

Kafkas Univ Vet Fak Derg

INTRODUCTION

Antibiotics have revolutionized medical care by preventing
life-threatening bacterial infections. However, misuse and
overuse of antibiotics caused antimicrobial resistance which
makes them insufficient or ineffective against bacterial
infections. Antibiotic resistance refers to microorganisms’
ability to counteract the effects of antimicrobial drugs,
rendering them ineffective against bacterial growth 2.
Antibiotic misuse is an important issue regarding the
development of resistance through two mechanisms:
firstly, by suppressing susceptible bacteria and enabling
the survival of resistant bacteria, and secondly, by
triggering dormant resistance genes within bacteria due
to the pressure exerted by antibiotics. The transmission
of resistance genes among bacterial strains, influenced by
antibiotic usage, can take place within individual hosts
as well as between different hosts and communities.
Therefore, the judicious administration of antibiotics
in agriculture and healthcare is critical to prevent of
multidrug-resistant bacterial infections. However, the
emergence of antibiotic resistance has hindered progress
in the clinical sector and threatened life expectancy, and
food safety. The limited availability of new antibiotics
due to declining progress and commercialization since
the 1990s has compounded the problem 4. This
phenomenon poses a silent and dangerous threat to public
health, particularly as antibiotics are being increasingly
prescribed to treat infections that occur as a result of a
primary ones *°. Antibiotic resistance has become a
global issue due to the escalating utilization of antibiotics
in both medical practices and agriculture. The extensive
utilization of antibiotics represents a significant threat to
human health and has transformed into an urgent public
health emergency. As per the assessment of the World
Health Organization (WHO), antimicrobial resistance
could lead to ten million deaths by the year 2050 ¢,

Biofilms are conglomerates of bacterial colonies that attach
to surfaces and are enveloped by a matrix of extracellular
polymeric substances (EPS) manufactured by the cells
themselves. These matrices have the capacity to harbor
either single-species or multi-species communities of
microorganisms, and the physical attributes of the matrix
can differ among various bacterial strains. EPS consists
of an assortment of biopolymers, encompassing proteins,
polysaccharides, lipids, extracellular RNA, and extra-
cellular DNA. They provide structural support and
stability to biofilms, facilitate their adhesion to surfaces,
safeguard biofilm cells from external forces, and establish
a framework for the interconnected, immobilized three-
dimensional structure of cells 2.

To assess the potential of bee products against antimicrobial
resistance and biofilm formation, a descriptive review

was conducted. Different bee products (such as propolis,
honey, pollen, bee venom, royal jelly, beeswax and bee
bread) were critically evaluated on the basis of their effects
as documented in experimental studies. ScienceDirect,
Web of Science, PubMed, and Google Scholar databases
were used to collect bibliographic material. Articles
that met the desired selection criteria were screened by
evaluating their titles and then their abstracts.

This review aims to comprehensively examine the role
of bee products on antimicrobial resistance and biofilm
control.

ANTIMICROBIAL AND ANTIBIOFILM
EFFECTS OF BEE PRODUCTS
Honey

Apiculture is the art of rearing ‘apis’ or bees for the
extraction of bee products, especially honey and beeswax.
Honey, being high in nutrients, has been consumed
worldwide since ancient times. The therapeutic properties
of honey can be traced back to ancient times wherein
Aristotle (384-322 BC) described honey to be “good as
a salve for sore eyes and wounds” Honey is a powerful
antioxidant, antimicrobial and antiproliferative agent
and has been used traditional since long times 3%, Tt
is extremely effective in promoting gastric health and is
recommended for peptic ulcers and gastritis ['°. Recently,
its anti-inflammatory, antihyperlipidemic, antidiabetic,
and anticancer properties have been discovered !'7!8],
According to the Codex Alimentarius, honey was
described as “the natural sweet substance produced by
honey bees from the nectar of plants or secretions of living
parts of plants or excretions of plant-sucking insects on
the living parts of plants” ”.. European Council Directive
2001/110/EC prohibits the addition to this natural
product any food additives or other addition other than
honey . Honey is a saturated sugar (~80% v/v) solution
whose composition depends on a varying range of factors
including but not limited to the floral source, type of bee,
and environmental and processing factors. These factors
contribute to the texture, consistency, odour, color, and
other physicochemical properties of honey. Currently,
there are more than 300 types of honey, however, the core
components of these honey stay more or less the same.
A diagrammatic representation of major components in
honey, as described by USDA, has been represented in Fig.
1. Approximately 20 different types of carbohydrates have
been identified in honey with the principal carbohydrates
being fructose and glucose. Honey also contains several
disaccharides and trisaccharides at concentrations of
5% and 1% respectively 2!l Honeybees regurgitate the
pollen of flowers and a small fraction of amino acids and
proteins are retained in the honey. However, bee-derived
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Composition of Honey

Carbohydrate Ash

82.17% 0.20%
Minerals
0 07%
F:bre
e' 0.20%
Vilaullns
Water "‘- 0.01%
17.05% Protein
0.30%

Fig 1. Pie diagram representing the constituents present in honey

and pollen proteins could theoretically be attributed
to allergic reactions. Especially glandular proteins that
bees produce and pollen from sunflower, ragweed, and
sagebrush cause honey allergy. Symptoms of patients
allergic to honey including local and systemic reactions.
Local symptoms may assume itching in the mouth or
gastrointestinal symptoms. Among systemic symptoms
are bronchial asthma or generalized urticaria. Sometimes,
anaphylaxis reaction is possible. Proline stands out as the
most abundant amino acid, accounting for 50% of the
total amino acid content in honey. Lipids are used up in
the formation of beeswax and hence the amount of lipids
in honey is almost negligible (0.002%) 2224,

Antimicrobial Properties of Honey and Antibiotic
Resistance

Honey has been called as supersaturated-sugar syrup
containing almost 80% sugar in its total weight. High
sugar concentration of honey implies to lower water
activity (a,). The optimum a, values for bacteria, yeast
and moulds are 0.9, 0.7 and 0.8, respectively ! while the
a, value for honey ranges from 0.5-0.65 . French et al.”?”)
demonstrated the use of pasture and manuka honey for
inhibition of Coagulase-negative Staphylococcus aureus
growth with MIC values of 3.6+0.7 v/v and 3.4+0.5 v/v
respectively. The study showed that the osmotic effect of
the sugar content of honey was 5.5 to 11.7 times greater
than the antibacterial activity of natural honeys.

Honeybees collect sucrose from flowers and further break
it down into glucose and fructose. This glucose is further
oxidized and disintegrated into gluconolactone/gluconic
acid and H,0, by glucose oxidase enzyme (GOx) secreted
by the bee’s hypopharyngeal glands. The role of H,0O,
in the antimicrobial effect of honey has been described
by Adcock et al.?®! wherein the activity was diminished
when H,0O, was decomposed by addition of enzymes
such as catalase. Dustmann et al.®! first demonstrated
the antimicrobial activity of honey using a variety of
organisms. In the research, it was found that Pseudomonas,
Proteus, Salmonella spp., and Streptococcus sp. were less
affected while more inhibition was observed in Sarcina
lute and S. aureus. Furthermore, it was found that H,O,

concentration played an active role in contributing to
antimicrobial activity against Escherichia coli K-12. A
low concentration of H,O, (1-2 mM) was enough to kill
bacteria via DNA damage wherein H,O, triggers Fenton
reaction thereby leading to DNA strand breaks and
generation of active forms of hydroxyl radicals **. When
honey was added to bacterial cultures along with H,O,
supplementation, it was observed that honey reduced
MIC of H,0, from 2.5 mM, resulting in DNA damage in
the bacterial cultures '\

Preceding the knowledge of H,O, production and sugar
content, it was considered that the antimicrobial activity of
honey was attributed to its low pH which ranged from 3.4 to
6.1 depending on several factors during its production 2.
Production of gluconolactone/gluconic acid during
glucose breakdown is one of the key factors in its low pH.
Most bacteria have an optimum pH at a neutral range and
cannot tolerate lower pH. For example, Salmonella spp., E.
coli, Pseudomonas aeruginosa, and Streptococcus pyogenes
can tolerate pH up to 4.0, 4.3, 4.4, and 4.5 respectively,
and thus honey has been proven beneficial for their
inhibition #**¥. To demonstrate the non-peroxide effect
of honey, Tan et al.** used catalase along with tualang and
manuka honey and demonstrated the bactericidal effect of
honey against 13 bacterial isolates.

The flower source predominantly determines polyphenols
present in honey. A wide array of flavonoids and phenolic
acids have been discovered in honey and act as a
biomarker for their authenticity *¢. Several phenolic acids
including 4-hydroxybenzoic acid, caffeic acid, vanillic
acid, and ferulic acid, and flavonoids such as apigenin,
acacetin, kaempferol, chrysin, pinobanksin, naringenin,
pinocembrin, and quercetin possessing antimicrobial
activity have been discovered in honey 7.

Defensin-1 or def-1 is an antibacterial peptide chain found
in honey and royal jelly. Kwakman et al.*®! demonstrated
the presence of def-1 in the antimicrobial activity of honey
wherein the H,0, activity of honey was neutralized. The
study found that 10-20% v/v of honey could effectively
inhibit the growth of Bacillus subtilis, extended-spectrum
3-lactamase producing vancomycin-resistant Enterococcus
faecium, E. coli, methicillin-resistant S. aureus, and
ciprofloxacin-resistant Pseudomonas aeruginosa.

The presence of Methylglyoxal (MG) in honey is dependent
on its storage temperature and flower source. It was first
discovered in honey by Weigel et al.*® in honey prepared
by Leptospermum flowers wherein the bees convert the
dihydroxyacetone into MG by the nonenzymatic reaction.
Honey containing MG at a concentration of 1.1mM could
effectively inhibit the growth of E. coli and S. aureus with
a MIC value of 15% v/v "4, The factors that contribute
to the antimicrobial effect of honey have been presented
in Fig. 2.
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Fig 2. Factors contributing to the antimicrobial effect of honey

Use of Honey in Biofilm Control

A biofilm may be defined as aggregates or a syntrophic
consortium of microbes embedded in a self-produced
matrix. Bacteria existing in a biofilm can cause most
chronic wound infections as compared to free-living or
planktonic bacteria. Biofilms are highly recalcitrant to
antibacterial agents and thus lead to a significant delay in
wound healing. Combination therapy exhibiting synergistic
effects is considered in such cases. Two types of assays
are performed in vitro to determine the effectiveness of a
product against biofilm, namely, biofilm eradication assay
and prevention of formation of biofilms “>#3!, The roles of
honey in antimicrobial resistance and biofilm formation
were presented in Table 1.

S. aureus is the most notorious microorganism accounting
for most of wound infections 4. Liu et al.**! used medical
grade manuka honey with four conventional antibiotics
to determine its response against S. aureus NCTC 8325
biofilms. The study found that rifampicin and fusidic
acid showed enhancement in the treatment of established
biofilms when combined with honey. Rifampicin prevents
adherence of cells to the surface thereby preventing
biofilm formation. This, in turn, increases the number
of planktonic cells and makes them more susceptible to
antibiotics ¢l This could be one of the major reasons for
rifampicin exhibiting synergism with honey ! and other
antibiotics such as cefazolin, fusidic acid, gentamicin, etc. 1.
Fusidic acid, on the other hand, works by binding with
prokaryotic elongation factor G (EF-G) inhibiting its
protein synthesis which eventually results in anomalies
and/or inhibition of translocation of peptide and disassembly
of ribosomes 7).

Streptococcus pyogenes is one of the other commonly found
bacteria forming biofilms on open wounds. It constitutes
the normal flora of a healthy individual’s nasopharynx
and skin and acts opportunistically during infections and
injury. S. pyogenes binding to fibronectin is inhibited by
honey thereby preventing its biofilm formation %!, Sojka
et al.® showed the presence of def-1 in honeydew and
manuka honey by electrophoresis. It was observed that 0.7
and 2.0 pg def-1 per g honey in manuka and honeydew
could inhibit the growth of biofilms of P. aeruginosa, S.
aureus, and S. agalactiae.

Table 1. The role of honey in antimicrobial resistance and biofilm formation

Honey Types Targeted Microrganisms Mode of Action Efficacy Main Outcome of Study References
Pasture honey MIC: 3.6+0.7 v/v The increased sugar concentration
Osmosis causes the exerts osmotic pressure on
Coagulase-negative S. aureus dehydration of bacterial the bacterial cells. This causes @7

Manuka honey cells MIC: 3.4£0.5 v/v dehydration and ultimately cell
death
MIC 90 value of H,O, decreased from , . o
Honey + H:0: | E. coli DNA d amage by Fenton 2.5 mM to 1.25 mM with addition of £ FOZI .ngtI.I is sensitive o the By
Reaction oxidative action of honey H,O,

honey (1:1)

Tualang and

Stenotrophomonas maltophilia

S. pyogenes

Bactericidal effect of

MBC: 25% (w/v) for Tualang and
11.25% (w/v) for Manuka

MBC: 25% (w/v) for both

Non peroxide effect of honey was
established by the addition of

[35]

manuka honey | Coagulase-negative honey catalase. Similar growth inhibition
Staphylococci; Entgrab({zfter MBC: >25% (w/v) for both patterns for most bacteria
cloacae; Proteus mirabilis, and
Shigella flexneri
Bacteriostatic effect
Medlho.n.ey + S. aureus NCTC 8325 biofilms of Ililfe.impuim o MIC: Medihoney: Rifampicin = 8 w/v: | The comblnatlon showed strong 5]
Rifampicin antimicrobial activity 0.02 pg/mL synergism
of both
Medihoney + MIC: Medihoney: Fusidic acid = 8 The combination showed mild ]

Fusidic acid

S. aureus NCTC 8325 biofilms

w/v: 0.04 ug/mL

synergism

Manuka honey Prevention of bacterial 0.7 ug Def-1 in per g honey
Biofilms of S. aureus, S. adhesion to the surface Presence of def-1 in manuka and 7
Honey Dew agalactiae, and P. aeruginosa and/or early inhibition of | 5 ug Def-1 in per g honey honeydew
bacterial growth
Facilit'ating' ce':ll death MIC: 20% (w/v) Honey could inhibit adherence
Manuka honey | S. pyogenes MGAS6180 and dissociation of cells of . pyogenes MGAS6180 to =)

from biofilms

MBC: 45% (w/v)

fibronectin
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Propolis including pentacosane, tricosane, eicosane, steroids like

Propolis, often referred to as “bee glue” is a sticky and
resinous substance crafted by bees using plant materials,
including leaves, flowers, and bud exudates. Bees
transform these natural elements through a combination
of their secretions and wax *!l. Honeybees, scientifically
known as Apis mellifera, produce propolis by gathering
resin from evergreen or coniferous trees. They blend this
resin with beeswax and their own salivary secretions to
create a viscous, dark green substance that serves the
purpose of constructing and upkeeping their hives. Since
ancient times, people have consumed and utilized propolis
as a medication for overall health 2l Several historical
studies have described propolis as a material that may
heal wounds, whether used alone or in combination with
other medicines. Propolis has lately been widely used
as a supplement in beverages to enhance human health
and prevent illnesses due to its wide range of natural
uses. Propolis is widely used thanks to its antibacterial,
antiviral, antioxidant, antiinflammatory, anaesthetic,
antimutagenic, antitumoural, antiprotozoal, anti-fungal,
antiseptic and antihepatotoxic abilities in addition to its
cytotoxic effect 5354,

Propolis chemical activity is affected by factors such as
climatic conditions, geographical location, and the period
in which it was harvested 1**.. The various types of propolis
pose a significant challenge to quality control procedures.
To evaluate and quantify phenolic compounds in
propolis, the method combining ultra-high-performance
liquid chromatography with photodiode array detection
(UHPLC-PDA) and electrospray ionization tandem
mass spectrometry (ESI-MS/MS) is recommended.
This approach is ideal for quality control purposes and
for establishing the chemical composition of propolis
compounds. The HPLC-PDA-MS technique has
demonstrated its effectiveness in evaluating phenolic
compounds in propolis, providing a combination of
brief retention times and exceptional resolution 1.
Quality represents a fundamental aspect of propolis,
significantly influencing the taste, ability to dissolve,
preservation longevity of the nectar, as well as its physical
characteristics like density, consistency, and potential for
crystallization. Propolis is a intricate resinous substance
composed of the subsequent components: resins (50%),
waxes (30%), pollen (10%), essential oils (5%), and other
organic compounds (5%) 7. Propolis is mainly comprised
of a diverse range of constituents, encompassing aromatic
acids including ferulic acid, caffeic acid, and cinnamic
acid. Also, it contains aromatic compounds vanillin,
aromatic esters (cinnamic acid and caffeic acid esters). In
addition, in the composion of propolis volatile compounds
(e.g. B-eudesmol, nerol, geraniol, and farnesol) are
available. Hydrocarbons are also present in propolis

stigmasterol, cholinasterol, and fucosterol. Enzymes are
also found to be in propolis including amylase. Flavonoids
(e.g. pinobanksin, tectochrysin, chrysin, pinocembrin,
galangin, kaempferol, and apigenin) and acids (e.g. cerotic
acids, melissic acid, and palmitic acid) are also found to
be in propolis. Essential oils, encompassing monoterpenes
and sesquiterpenes, and micro- and macronutrients
such as Al, Ba, Ca, Cl, Fe, Zn, K, Mg, Na, Mn, along
with vitamins like B, B,, B;, C, and E are present in the
propolis 3.

Antimicrobial Properties of Propolis and Antibiotic
Resistance

As per earlier accounts, a range of naturally existing
antibacterial elements within propolis and its derived
products have demonstrated efficacy against multiple
bacterial strains. They also increase the effectiveness of
conventional antibiotics. Chemicals including caffeic acid,
flavanol, ester flavonoids, pinocembrin, and galangin are
thought to be responsible for their antibacterial properties ..
These chemicals may also block bacterial RNA polymerase.
Propolis has been shown in several tests to be non-toxic
and to have no negative effects in either human trials or
animal models. Several researchers studied the synergistic
antimicrobial capabilities of propolis, and they found
that in most of their in vivo and in vitro tests, there was a
significant decrease in bacterial resistance to traditional
antibacterial drugs >, Propolis’ antibacterial action
should be assessed on two levels. The first is connected to
a direct impact on the microorganism, while the second
is connected to immune system stimulation, which
causes the organism’s innate defenses to become active.
Nucleic acid synthesis inhibition, adenosine triphosphate
(ATP) synthesis, membrane permeability, disturbance of
membrane potential, reduced affinity to the development
of biofilms and decreased bacterial motility are all effects
of propolis that may be deduced from an investigation of
its processes ©!! (Fig. 3).

Bacterial resistent

Inhibition of nucleic acid
reduction i

/ synthesis

Inhibition of ATP production

\ Disturbance in membrane

permeability

T

Reducing affinity for biofilm
development

Inhibition of cell membrane /

proteins

Propolis

Fig 3. Mode of actions associated with the antibacterial activity of propolis

Afrouzan et al.*), established the efficacy of poplar
propolis against a wide range of bacteria, encompassing
both Gram-positive and Gram-negative varieties, including
the challenging multidrug-resistant MRSA. Furthermore,
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Iranian and Brazilian propolis exhibit effectiveness
against Gram-positive bacterial strains, albeit with less
impact on Gram-negative counterparts. This disparity in
effectiveness can be attributed to the comparatively simpler
outer membrane structure of Gram-positive bacteria,
rendering them more susceptible to the antibacterial
components present in propolis 2. It has been shown
that the outer membrane structure of Gram-positive
bacteria accounts for the increased antibacterial activity
of propolis against those bacteria. In the cases of MRSA,
S. aureus, and S. epidermidis, quercetin, and its various
derivatives showed antibacterial effectiveness. One of the
several phenolic mixtures found in propolis is artepillin C,
which has effective antibacterial action against MRSA 31,
Similarly, Wojtyczka et al.** demonstrated that Polish
propolis inhibited the growth of bacteria and altered the
formation of biofilms.

Numerous studies have demonstrated that propolis and
anti-infection medications work together synergistically.
For instance, the combination of Brazilian honey and
Brazilian red propolis with chloramphenicol showed
synergism against Salmonella typhi, while the combination
of Brazilian red propolis with fluconazole was beneficial
against Candida spp. Investigated in Chilean propolis,
other flavonoids such as apigenin and pinocembrin showed
antibacterial efficacy against Streptococcus mutans Y.
The following Gram-negative bacteria, however, were
successfully combated by apigenin: Proteus mirabilis,
Enterobacter aerogenes, Salmonella enterica serotype
Typhimurium, Pseudomonas aeruginosa, and Klebsiella
pneumoniae .. Pinocembrin has also demonstrated
antibacterial efficacy against Listeria monocytogenes,
Streptococcus sobrinus, E. faecalis, S. aureus, Pseudomonas
aeruginosa, and Streptococcus mutans 1°°).

According to the established research, synergistic anti-
bacterial effects were shown when apigenin was added
to the B-lactam to treat MRSA and when apigenin was
combined with ceftazidime against Enterobacter cloacae!®”).
Interestingly, cinnamic acid, which has demonstrated
substantial activity against several bacteria, Aeromonas
spp., Bacillus spp., E. coli, Enterobacter cloacae, L.
monocytogenes, Micrococcus flavus, Mycobacterium TB,
Salmonella enterica serotype, Streptococcus pyogenes,
Typhimurium, Vibrio spp., and Yersinia ruckeri is abundant
in propolis . For instance, it is important to note that
cinnamic acid inhibits bacterial binary fission, ATPase
activity, and the formation of biofilms by breaking the
bacterial cell membrane 1),

Use of Propolis in the Biofilim Control

A multi-layered bacterial cluster called a biofilm is
enclosed in an extracellular polysaccharide matrix.
Persistent infections are aided by biofilms because they

are known to boost bacteria’s potential to colonize inert
objects and protect them from the body’s natural defences
and antimicrobials. A biofilm is a mucilaginous matrix
formed of polymeric extracellular components that is
adherent to a surface and contains collections of both
living and non-living microorganisms that assemble at
the liquid-solid interface. The matrix shields the bacteria
from harm by retaining nutrients and restricting access
to biocides, oxidants, antibiotics, metallic cations, and
poisons. Infections brought on by implanted medical
devices like catheters and dental, cardiac, or urological
prostheses are therefore greatly aided by biofilms 7.

Biofilms are strongly associated with chronic lung
infections, a critical complication in people with cystic
fibrosis. These infections are characterized by the presence
of drug-resistant biofilms in bronchial mucus, together
with regions of high reactive oxygen species levels,
primarily due to neutrophil activity 1. Many antibiofilm
chemicals have been found in natural sources against
this bacterium, some of which impede bacterial quorum
sensing, such as garlic extract and a synthetic derivative
of natural furanone. Additional natural antibiofilm
compounds encompass ginseng aqueous extract and its
component five ursine triterpenes, zingerone, asiatic acid,
corosolic acid from Diospyros dendo, tannins sourced from
Commiphora leptophloeos, Myracrodruon urundeuva, and
Anadenanthera colubrina as well as bacterial products
like 3-indolyl acetonitrile. Furthermore, plant extracts
have been used to reduce the production of P. aeruginosa
biofilms 721,

In a comparative examination of the effects of Brazilian
red propolis benzophenone-enriched fraction (BZP-
BRP) on strains of Candida glabrata resistant to
conventional antifungal drugs, Pippi et al.”! discovered
that the fluconazole-resistant bacteria displayed high
sensitivity to propolis. Propolis alters gene expression,
lowers bacterial viability, and prevents S. epidermidis
from forming a biofilm, making it susceptible to further
antibiotic treatment. It has been shown that Malaysian
propolis and chitosan-propolis nanoparticles can inhibit
the growth of Enterococcus faecalis biofilms . Propolis is
effective against C. albicans biofilms "*7). In situations of
persistent infections that are challenging to treat because
of the development of biofilm in the wound environment,
propolis can minimize biofilm formation and speed up
healing processes 1],

Findings indicate that propolis nanoparticles can enhance
antibacterial activity and biofilm formation against E.
faecalis, and when combined with other medications,
they may have a synergistic impact that lowers the dosage
of each treatment and the amount of time needed to kill
germs #% In a different study, de Mélo Silva et al.** also
demonstrated that red propolis polymeric nanoparticles
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Table 2. The role of propolis in antibacterial effect and synergestic effect with antibiotics

proportion of (60/40, w/w) +
Ceftriaxone

ceftriaxone and had a synergistic bactericidal
effect

Propolis Types Targeted Organisms | Mode of Action Efficacy (MIC) Outcome of Study References
Propolis ethanolic extract + . When- cor-npared to ampicillin alone, the Enhanced antibacterial o
= S. typhi combination produced a much larger zone of | 8 ug/mL . Bl

Ampicillin P activity

inhibition

Decreased bacterial load, increased lifespan,
Propolis ethanolic extract + S. enteric in mice corrected hematological parameters, and 2962 ug/mL Enhanced antibacterial 1
Cefixime . shielded kidney, spleen, and liver from HE effect

damage brought on by bacteria
Pr0p0'11§ ethanolic extract + S. aureus and MRSA. Greater inhibition diameter in comparison to 039 to 0.78 mg/mL Enhanced anti-bacterial 4l
Cefoxitin each monotherapy effect
Hydroalcoholic propolis When compared to utilizing ceftriaxone
extract mixed with carob in a E coli alone, propolis enhanced the effects of 0.125 pg/mL S o

Hydroethanolic red propolis +

P, aeruginosa and S.

Using imipenem in combination with red
propolis collected during the dry season
resulted in a considerably decreased MIC

P. aeruginosa:512 ug/mL
and S. aureus:

P. aeruginosa: an
enhanced anti-bacterial
effect

(93]

Vancomycin

identified synergism

i >
Imipenem aureus value against P. aeruginosa; no benefit was E?Lpg/mL 1021024 pg/ S. aureus: no interaction
shown against S. aureus ’
Rats’ nasal mucous membrane bacteria count
MRSA infe ) honuclear leuk level:
Propolis ethanolic extract + RS, infected and POyrorphonue car ‘en ocyteleve's Enhanced anti-bacterial -
o rabbits were significantly reduced as compared to - 4
Mupirocin . - effect
the respective monotherapy and combination
treatments
MRSA, E. faecalis, S. - .
Pgnbsaeleatng ¢ | s, i Gram-positive bacteria grow more slowly
. . o than gram-negative bacteria due to a 0.3 to 2.5 mg/mL Synergistic effect 951
Vancomycin influenza - . .
. powerful synergistic relationship
and S. pneumonia
Propolis ethanolic extract + S. aureus The Kirby, Bauer, and E-test methodologies 15 1l R 161

have the capacity to suppress the growth of S. aureus and
Pseudomonas aeruginosa biofilms. This could be because
propolis nanoparticles penetrate the skin more effectively
than propolis because of their smaller particle size and
higher surface area-to-volume ratio.

Accordingtoastudy, EEP affects probiotics’ in vitro viability
and capacity to build biofilms in concentration- and
strain-dependent ways. In some circumstances, propolis
can function as a prebiotic at low concentrations, but at
higher concentrations, it may prevent the probiotics from
growing in a planktonic state or from creating biofilms .
While Brazilian EEPs was extremely active against already-
formed biofilms, European EEPs had the highest effect in
delaying the creation of biofilms ”*I. The Spanish ethanolic
propolis extract (SEEP) showed effectiveness against C.
glabrata. In addition to having antifungal properties, SEEP
decreased this emerging opportunistic pathogen’s ability
to produce biofilms. It presents an intriguing therapeutic
approach for the prevention and treatment of biodevice-
associated infections due to its anti-biofilm action .

According to a different study, Corynebacterium pseudo-
tuberculosis strains continue to exhibit great antibiotic
sensitivity. There were differences in how the ethanolic
and supercritical extracts of green, brown, and red
propolis affected the C. pseudotuberculosis planktonic
isolates. The strongest antibacterial activity among the
isolates was demonstrated by the supercritical extract of
red propolis and the ethanolic extract of green propolis,

both of which were able to prevent the development of
biofilm ). The ethanolic extract of propolis may inhibit
the growth of biofilms and suppress the expression of
EFGI in C. albicans biofilms 1#¢].

To effectively combat S. mutans, propolis, essential oil
(PEO) inhibits cell viability inside the biofilm, reduces
the overall amount of biofilm biomass, and destroys the
biofilm structure [*!. When compared to a well-researched
antiseptic mouthwash with established outcomes, bee
propolis demonstrated promising benefits in suppressing
the growth of S. mutans produced in a biofilm ®°!. Current
studies in the literature on the antibacterial effect of
propolis and its synergistic effect with antibiotics were
reviewed and summarized in Table 2 (61649196,

Bee Pollen

When a worker bee travels from one flower to another
in search of nectar, pollen grains get attached to the bee’s
body. This pollen combines with nectar and salivary
enzymes; and hardens to form a pellet known as bee
pollen. The bees use bee pollen as a source of protein,
lipids, micronutrients and minerals 7). Pollen grains
from various plants vary in size between 1.4 to 4 mm
and weigh approximately 7.5 to 8 mg. They come in a
variety of colours including creamy white, red, yellow,
orange, grey, dark brown and green. The wide nutritional
and medicinal properties of bee pollen make it a natural
superfood. The bee pollen properties differ based on floral
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source, geographical origin and seasonal variations ©®.
This variation may contribute to the difference in the
bee pollens biological activities and thus its therapeutic
effects 1. Bee pollen may be divided into two groups:
monofloralbeepollenand multifloralbeepollen. Beepollen
can be categorized into two primary types: monofloral and
multifloral. Monofloral pollen consists of a minimum of
45% pollen grains from a single plant species and displays
consistent organoleptic and biochemical characteristics.
In contrast, multifloral pollen incorporates pollen grains
from various plant sources without any one dominant
plant species. The determination of the botanical source
of bee pollen is accomplished through palynological
analysis. Each individual component of the pollen grains
is identified and examined under a microscope 10101,
Bee pollen is an affordable nutraceutical that has great
potential in the food industry %2,

The therapeutic effects of bee pollen are due to the presence
of avast range of secondary plant metabolites, which varies
fromoneplantspeciestoanother®. Beepolleniscomposed
of proteins, carbohydrates, lipids, amino acids, enzymes,
polyphenols, co-enzymes, minerals and vitamins 1%,
According to a systemic review conducted by Thakur and
Nanda involving over 100 studies, bee pollen on average
contains 13-55% carbohydrates, 10-40% protein and 1-13%
lipids % In addition, bee pollen contains vital amino
acids such as methionine, phenylalanine, valine, lysine,
threonine, tryptophan, histidine, leucine and isoleucine.
Lipids are found in the form of essential fatty acids,
phytosterols and phospholipids. The total phenol content
which includes polyphenols such as catechins, flavonoids
(ex. quercetin, kaempferol and isorhamnetin), and
phenolic acids make up an average of 30.59mg GAE/g 102,
Bee pollen is found to contain minerals such as Mg, Ca,
Zn, Fe and Cu and vitamins such as provitamin A, niacin,
biotin, thiamine, folic acid and vitamin E 1%,

Antimicrobial Properties of Bee Pollen and Antibiotic
Resistance

Antimicrobial resistance is a serious issue that is currently
threatening global public health. Natural products can
be used as an alternative method to control antibiotic-
resistant pathogens !*). Till now no microbe has
developed resistance against bee pollen and hence it can
be used along with traditional antibiotics against resistant
microbes 1%,

Bee pollen exhibits antimicrobial properties against
various bacteria and fungi. Bee pollen from different
regions such as Greece, Morocco, Portugal, Spain, Egypt,
Turkey, Slovakia, Chile and Slovenia have been studied
for its antimicrobial activity .. Some of the bacteria
against which they have shown activity are Gram-
positive bacteria: S. aureus, Bacillus cereus, Staphylococcus

epidermidis, Listeria monocytogenes, Clostridium butyricum,
Streptococcus pyogenes, and Clostridium perfringens,
and Gram-negative bacteria: Salmonella enterica,
Campylobacter jejuni, and E. coli. In addition, bee pollen
has also been reported for antifungal activity against fungal
species including Candida tropicalis, Candida glabrata,
Candida krusei, Zygosaccharomyces bailii, Aspergillus
niger, and Aspergillus fumigatus %),

The presence of phenolic compounds is credited for the
antimicrobial properties found in bee pollen "7 The
antibacterial effects of bee pollen might also involve the
enzymeglucoseoxidase,whichisgeneratedbyhoneybees®..
Bee pollen acts against bacteria by breaking down their
cytoplasmic membrane which causes the leakage of
potassium ions. This triggers the autolysis of the bacterial
cell leading to cell death %!, Several studies have reported
that Gram-negative bacteria are less sensitive to bee
pollen compared to Gram-positive bacteria. A possible
explanation could be that Gram-negative bacteria have
a more chemically complex cell wall with a greater lipid
content which renders them more resistant to pollen 1%,
Antimicrobial resistance is often more pronounced in
Gram-negative bacteria, owing to the presence of an
outer membrane composed of lipopolysaccharides, which
serves as an added layer of protection '],

A study conducted for antimicrobial activity by Bakour
et al."'% investigated the effect of bee pollen from six
different botanical origins (Centaurium erythraea, Citrus
aurantium, Coriandrum sativum, Quercus ilex, Punica
granatum, and Ruta graveolens) against six strains of
human multidrug-resistant pathogens namely, S. aureus,
Pseudomonas aeruginosa, E. coli, Klebsiella pneumoniae,
Acinetobacter baumannii, Enterobacter cloacae. These
microbes were tested for antibacterial susceptibility
against 28 standard antibiotics and were found to be
resistant to some of them. The agar disc diffusion method
was used to study the antibacterial activity of the samples
and the MIC and minimum bactericidal concentration
(MBC) were estimated and summarised in Table 3. The
findings of the study reported that the ethanolic pollen
extracts of Punica granatum and Quercus ilex showed the
best antimicrobial activity followed by Ruta graveolens,
Centaurium erythraea, and Coriandrum sativum which
showed intermediate activity. Citrus aurantium showed
no antimicrobial activity. A positive correlation was
observed between the antibacterial activity of the pollen
extract and its antioxidant content. The difference in MIC
and MBC values between different pollen extracts could
be due to the variation in their chemical composition and
the variability of the cell wall and membrane structure of
the bacterial strain %,

Another study by Pelka et al.''!l reported the antimicrobial
resistance activities of bee pollen and bee bread from
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different regions of Poland. Authors studied anti-
microbial activity prepared extract of bee pollen in
comparison to extract of bee bread. Three samples of
bee pollen and three samples of bee bread, which were
prepared separately showed high anti-staphylococcal
potential, were tested against 3 clinical isolates of
methicillin-resistant S. aureus (MRSA). Beebread showed
better activity compared to bee pollen as bee pollen is
converted to bee bread by the process of fermentation.
This study suggests that the lactic acid bacteria involved
in this process produce lactic acid and bacteriocin which
are antimicrobial in nature. The lactic acid bacteria cause
lipid hydrolysis which produces aliphatic acids which
acting as an antimicrobial agent, and this may be the
reason for the difference in antimicrobial activity between
bee pollen and bee bread. The MIC value for bee pollen
ranged between 5 to 10% (v/w) and the MBC value ranged
between 5-10% (v/w) (Table 3) 11,

The antimicrobial compounds present in bee products
work in a synergistic way which might be the reason why
microbes are not resistant to bee pollen. Bee products are
rich in flavonoids and polyphenols which are known to
have the ability to counter bacterial resistance making
them potential antimicrobial agents. Bioactive compounds
present in bee pollen can be used in the combination with
antibiotics to produce a synergistic antimicrobial effect (1%,
A study reported that when kaempferol glycosides of plant
origin were used along with hydrophilic fluoroquinolones
against MRSA, the kaempferol helped to significantly
reduce the MICs of the antibiotics used 2. Another
study revealed that the combination of rifampicin,
quercetin, and kaempferol acted synergistically to inhibit
the p-lactamase enzyme of clinical MRSA "%l Another
study tested the use of apigenin and other flavones along
with a penicillin/streptomycin mix against two MRSA
strains and coagulase-negative Staphylococcus (CNS). The
apigenin and the other flavones were unable to improve
the antimicrobial activity in this case [*l. The use of
polyphenols along with antibiotics helps to increase the
efficacy of the antibiotic, lowers its dose and therefore
reduces the antibiotics’ side effects %],

Use of Bee Pollen in the Biofilm Control

Biofilm refers to bacterial communities that are encased
within an exopolysaccharide matrix and adhere to a
surface. It is the cause of many diseases including infective
endocarditis, inflammatory bowel disease, impaired
wound healing, cystic fibrosis, and pertussis '\,

Schuh et al.l''®! studied the exosome-like vesicles (ELV's)
present in various bee products for their bacteriostatic,
bactericidal, and biofilm-inhibiting effects. These exosome-
like vesicles are a part of the hypopharyngeal gland
secretions produced by Apis mellifera. These ELVs

were extracted from different bee products and their
minimum biofilm inhibition concentration (MBIC) was
estimated using a biofilm-forming strain, S. aureus. All
the bee product-derived ELVs showed biofilm-inhibitory
potential. The MBIC ratio of bee pollen was found to be
10:1 (vesicles: colony forming units). Bee pollen displayed
50% biofilm inhibition at a 1:1 ratio. The ELV fraction of
bee pollen was compared with an exosome-depleted
fraction. The findings reported that the exosome-
depleted fraction showed antibacterial activity at 5%
(v/v) concentration whereas the ELV fraction showed
antibacterial activity at a lower concentration of 1%. Bee-
derived ELV's could be potentially used in wound healing
to treat wound-derived infections by preventing biofilm
formation and by aiding migratory activity '],

The ability of bee pollen extract to prevent the adherence
of microbes to the inert substratum and cellular substrate
(Hep-2 -human epithelioma cells) was studied "'"). The
microbial strains used in assessing microbial adherence
to an inert surface were standard strains of S. aureus, E.
faecalis, E. coli, P. aeruginosa, C. albicans and clinically
isolated strains of E. cloacae, C. glabrata, C. famata, C.
krusei, C. guillermondii and C. lusitaniae. The effect of
bee pollen in inhibiting microbial attachment to cellular
substrates was carried out using E. faecalis, S. aureus, C.
albicans, P. aeruginosa, C. lusitaniae, E. cloacae, C. famata,
C. guillermondii, C. glabrata, and C. krusei. These findings
revealed that S. aureus, P. aeruginosa, and C. glabrata were
the most sensitive strains when it comes to adherence to
inert surfaces. According to Ilie et al."'”), when compared
to the control, the bee pollen extract exhibited reduced
adherence capacity to the cellular surface in the case of the
Gram-negative bacteria E. cloacae and P. aeruginosa, all
yeast (except C. famata) and one Gram-positive bacteria
E. faecalis "7\,

Biofilm control is one of the mechanisms by which
polyphenols exert antimicrobial properties. This was
tested using plant-derived or synthetic compounds.
Quercetin glycosides and kaempferol glycosides were
found to have biofilm control over yeast and fungi whereas
luteolin has antibiofilm properties against S. aureus and
L. monocytogenes "I, Plant phenolics prevent biofilm
formation by interfering with the bacterial regulatory
system such as quorum sensing "%, It can be concluded
from the above studies that the polyphenols present in bee
pollen may be responsible for the antibiofilm activity.

Royal Jelly

Royal jelly (R]) M, is a creamy substance produced by
the hypopharyngeal glands of the young nurse worker
bees mainly to mature and maintain the queen bee. It is
exclusively served to the queen bee throughout her life,
whilst royal jelly is served to other sexually immature
females for merely the first 2-3 days 2"\



140

Antibiofilm and Antimicrobial Activities of Bee Products Kafkas Univ Vet Fak Derg
Table 3. Role of bee pollen in antimicrobial-resistance
Targeted Efficacy
Types of Bee Pollen | Microorganisms Mode of Action Main Outcome of Study References
(Resistant Strain) MIC MBC
S. aureus Ineffective Ineffective
P. aeruginosa Ineffective Ineffective
Centauritim . e The presence of Polyphenols lindiizsive lingiizgive Intermediate antimicrobial (o]
erythraea (botanical . . . i N ..
origin) E. coli helps ﬁght bacterial resistance Ineffective Ineffective activity
E. cloacae 2.5 mg/mL 2.5 mg/mL
K. pneumonia Ineffective Ineffective
S. aureus Ineffective Ineffective
P. aeruginosa Ineffective Ineffective
; ; A. baumanii Ineffective Ineffective
Citrus fzumnt.lu'm The p;esence of P'olyph.enols 1o csiteate ey V]
(botanical origin) 2. @ik helps fight bacterial resistance et Tefiasiie
E. cloacae Ineffective Ineffective
K. pneumonia Ineffective Ineffective
S. aureus 2.5 mg/mL 2.5 mg/mL
P, aeruginosa Ineffective Ineffective
Coriandrum sativum | A baumanii The presence of Polyphenols 2.5 mg/mL 2.5 mg/mL Intermediate antimicrobial o)
(botanical origin) E. coli helps fight bacterial resistance Tnafeetine Tinafatine activity
E. cloacae 2.5 mg/mL >2.5 mg/mL
K. pneumonia 2.5 mg/mL >2.5 mg/mL
S. aureus 0.62 mg/mL 0.62 mg/mL
P. aeruginosa 2.5 mg/mL 2.5 mg/mL
i A. baumanii 0.31 mg/mL 0.31 mg/mL
Pumca'gmna.t um The presence of P'olyph.e nols Highest antimicrobial activity ]
(botanical origin) T2, @ik helps fight bacterial resistance 2.5 mg/mL 2.5 mg/mL
E. cloacae 2.5 mg/mL 2.5 mg/mL
K. pneumonia 2.5 mg/mL >2.5 mg/mL
S. aureus 0.62 mg/mL 0.62 mg/mL
P. aeruginosa 2.5 mg/mL 2.5 mg/mL
i A. baumanii 0.31 mg/mL 0.31 mg/mL
%uercuAs ziex . ghle p;\es}eln]ie of RO}YP h‘e nols Highest antimicrobial activity (i
(botanical origin) E. coli elps fight bacterial resistance 1.25 mg/mL 2.5 mg/mL
E. cloacae 1.25 mg/mL 1.25 mg/mL
K. pneumonia 2.5 mg/mL 2.5 mg/mL
S. aureus 1.25 mg/mL 1.25 mg/mL
P. aeruginosa Ineffective Ineffective
Ruta graveolens A. baumanii The presence of Polyphenols 1.25 mg/mL 1.25mg/mL | [ntermediate antimicrobial -
(botanical origin) ENcoli helps fight bacterial resistance 2.5 mg/mL 2.5 mg/mL activity
E. cloacae Ineffective Ineffective
K. pneumonia Ineffective Ineffective
Czarne, Poland X X
(Geographical MRSA s'tralrt L B 10% (v/w) 10% (v/w) LO\{VG?I’ anti-staphylococcal -
.. 2,3(clinical isolate) activity
origin)
Nizna La‘ka.’ Poland MRSA strain 1, 5% (v/w) Higher anti-staphylococcal
(Geographical L - 5% (v/w) 0 ]
L 2,3(clinical isolate) activity
origin)
Modzele, P_Q land MRSA strain 1, 5% (v/w) Higher anti-staphylococcal
(Geographical o - 5% (v/w) > (1]
L. 2,3(clinical isolate) activity
origin)
MRSA- methicillin-resistant S. aureus; MBC- minimum bactericidal concentration; MIC- minimum inhibitory concentration.

Royal jelly has a complex chemical composition. It
consists of water, minerals such as potassium, magnesium,
calcium, etc., proteins (about 50% of the dry mass), lipids
(primarily short-chain fatty acids including 10-hydroxy-
2-decenoic acid), carbohydrates (about 30% of the dry

matter), at least 17 amino acids, and vitamins Y. The
chemical makeup, color, and flavor of royal jelly are
influenced by the bees’ diet. One type of diet comprises
solely of the bees’ natural food sources, like nectar, pollen,
and honey. The second type of diet involves the addition
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Table 4. Antimicrobial Activity of Royal Jelly
Origins of the Royal Targeted Microorganisms Me“.“.".f Effect Same Antimicrobial References
Jellys Inhibition
Aspergillus niger 13 to 15 < Clotrimazole
Aspergillus fumigatus 12to 13 < Clotrimazole
Chinese royal jelly 15 | Candida albicans 9to 10 < Clotrimazole (124)
mg/mL S. aureus 13 to 14 < Penicillin g
Bacillis subtilis 16 to 17 < Penicillin g
Escherichia coli 16 to 17 < Penicillin g
Aspergillus niger 20 to 21 = Clotrimazole
Aspergillus fumigatus 24 to 25 = Clotrimazole
Egyptian royal jelly 15 | Candida albicans 19 to 20 > Clotrimazole (1241
mg/mL S. aureus 23 to 24 = Penicillin g
Bacillis subtilis 24 to 25 < Penicillin g
Escherichia coli 10to 11 < Penicillin g
S. aureus 15@21 | e
Staphylococcus epidermidis 13 to 14 --
Southern Cordoba Micrococcus luteus‘ 15to 16 -
(Argentina) royal jelly Streptococcus ubensl 11 - 23]
Enterococcus faecalis 10 to 12 --
7.1 and 14.5 mg/mL .
Pseudomonas aeruginosa 5t06 -
Escherichia coli 9to 10 --
Klebsiella pneumoniae | —meememees | ememeoeen
Aggregatibacter No growth
Singapore royal jelly uctinomycetemcorﬁitfms,' No growth
100 pg/mL Porphyromonas gingivalis, No growth 2]
Prevotella intermedia, No growth
Fusobacterium nucleatum, No growth
S. aureus 1to 1.5 = Penicillin
E. coli Itol.5 Significant difference with Penicillin
Klebsiella oxytoca 0.5to1 Significant difference with Penicillin
Klebsiella pneumoniae 1to 1.5 Significant difference with Penicillin
Chinese royal jelly Pseudomonas aeruginosa 1to 1.5 Significant difference with Penicillin 126)
Methicillin resistant S. aureus 1to 1.5 Significant difference with Penicillin
Salmonella typhimurium 2t02.5 Significant difference with Penicillin
Salmonella paratyphi 1to 1.5 Significant difference with Penicillin
Proteus vulgaris 1to 1.5 Significant difference with Penicillin
Enterobacter aerogenes 1to 1.5 Significant difference with Penicillin
S. aureus 1.75t0 2 = Penicillin
E. coli 2t02.5 Significant difference with Penicillin
Klebsiella oxytoca 2.40t02.75 Significant difference with Penicillin
Klebsiella pneumoniae 1.40 to 1.75 Significant difference with Penicillin
ot el il Pseudomonas aeruginosa 1.5t01.75 Significant difference with Penicillin -
Methicillin resistant S. aureus 0.75to 1 Significant difference with Penicillin
Salmonella typhimurium 0.75t0 1 Significant difference with Penicillin
Salmonella paratyphi 1.5 to 1.75 Significant difference with Penicillin
Proteus vulgaris l4to 1.5 Significant difference with Penicillin
Enterobacter aerogenes 1.5t01.75 Significant difference with Penicillin

of other nutrients, such as proteins and carbohydrates, to
their natural food 2%,

Antimicrobial Properties of Royal Jelly and Antibiotic
Resistance

The results obtained in the study of Garcia et al.'*! showed
that 2 R] specimens, acquired from different regions of
Argentina, both inhibited the growth of Gram-negative
and Gram-positive bacteria strains capable of infecting
cutaneous wounds Staphylococcus epidermidis, S. aureus,
Micrococcus luteus, Streptococcus uberis, Enterococcus
faecalis, Pseudomonas aeruginosa, S. aureus, E. coli, and
Klebsiella pneumoniae being the most sensitive strain of
either RJ sample tested. Moselhy et al.?* indicated that
RJ obtained from various regions in Egypt and China
possesed bacteriostatic effects on Gram-positive and
Gram-negative bacteria at different levels. The effect of
royal jelly on the growth of periodontopathic bacteria

were examined in the study conducted by Coutinho
et al.l%! and the results suggested that R] samples were
active against the growth of the tested periodontal
pathogens. Al-Abbadi *! showed that the effects of royal
jelly acquired from Jordan and China against bacteria
and fungi pathogenic to humans. The results of this
study indicated that both R] types prepared in different
ways were effective against Gram-positive and/or Gram-
negative bacteria (Table 4).

Royal jelly’s ability to combat microbes can be attributed
to specific elements, including Major royal jelly proteins
(MRJPs 2-5, 7), antimicrobial peptides (Jelleines I, II, and
IIL, as well as royalisin), and fatty acids like 10-HAD 0271281,
The antibacterial activity of MRJPs against Gram-negative
E. coli depends on their interaction with bacterial cell
walls. Furthermore, several studies have shown the wide
scope of antibacterial effects of MRJP4 and MRJP2
against fungi, yeasts and both Gram-positive and negative
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bacteria. The proteins act as antimicrobial peptide (AMP)-
like proteins because they can attach to the cell walls of
bacteria and deconstruct its structure . On the other
hand antibacterial peptides are also positively charged
which allows them to collapse the cell membrane through
interacting with its anionic phospholipids . Jelleines
I, II and III, royalisin and 10-HDA seem to be effective
against Gram-positive and negative bacteria with the latter
two being also effective against fungi '”). determined that
both intramolecular disulfide linkages and the presence
of 11 amino acids at the C-terminus in royalisin are
crucial for its antimicrobial efficacy *!.. Moselhy et al.!2*
showed that while the antimicrobial capabilities of royal
jelly are evident, there doesn’t seem to be any one definite
cause, suggesting that the effect may be of a combined or
synergistic nature 24,

In antoher study Mierzejewski et al.'*? examined
the antimicrobial effects of three honeybee products
including honey, royal jelly and propolis in comparison
to three antibiotics including kanamycin, penicillin
and tetracycline on bacteria strains Bacillus cereus,
Staphylococcus epidermidis, E. coli, and S. aureus. The
results showed that kanamycin and tetracycline were the
most effective antimicrobial agents in general; nonetheless,
royal jelly was more effective against Staphylococcus
epidermidis, and E. coli. The study concluded that honey,
propolis, and royal jelly contain antibacterial components
that can be used as standard first-line treatments for
mild bacterial infections. The study also suggested that
commercial products containing these components can
be manufactured to increase effectiveness, which makes
them also potentially preventative against infectious
diseases "2 Another study compared the antimicrobial
activity of royal jelly with gentamicin, doxycycline, and
the combination of the two antibiotics against E. coli. This
study concluded that R] shows significant activity against
E. coli growth %3,

Use of Royal Jelly in Biofilm Control

A study was conducted both in vitro and in vivo using a
rat model to investigate the effect of a 50% concentration
of Royal Jelly (R]). The results showed a highly statistically
significant reduction in the adherence of MRSA bacteria
in all samples tested (P<0.01) 34,

According to Shuch et al."® study, bee-derived exosome-
like vesicles (ELVs) exhibit the capacity to impede the
formation of biofilms in S. aureus strains in a laboratory
setting. This finding indicates a potential role for ELVs
in the prevention and management of wound infections.
Notably, when the ratio of royal jelly was less than 1 vesicle
per viable bacterial cell, it led to the inhibition of S. aureus
growth and a significant reduction in biofilm formation,
approximately by half "¢/, In another study, it was showed

that RJ extracellular vesicles (EVs) incorporated into
collagen gels significantly reduced biofilm formation %),

In a different research investigation, it was observed
that royal jelly concentrations at 25% or higher
effectively suppress bacterial growth. However, when
the concentrations were subinhibitory, they were found
to promote pyocyanin production and enhance biofilm
formation in P. aeruginosa %),

A recent study concluded that Sub-MICs of 10-HDA
could be effective in inhibiting biofilm formation and
eliminating the mature biofilms of S. aureus, as verified by
significant reductions in biofilm biomass and cell viability.
Furthermore, the biofilm structure was noticeably
damaged after treatment with 10-HAD %7,

Bee Venom

Bee venom (BV), also called apitoxin, is an acidic
transparent and odorless liquid secreted by bees *!I. BV
is synthesized by bee workers and queens and used for
the defence of the colony or of the individual #*!*. BV
discovery was attributed to ancient Egyptian. It had been
used as a therapeutic product starting from the second
century BC. BV was first used in Eastern Asia 122!,

BV is a mixture of several active compounds. It is a
complex mixture of polypeptides with melittin being the
major constituents (40-60% of dry weight) 2. Additional
peptideslike apamin, adolapin, and mast cell degranulating
peptide can be found within BV. Phospholipase A2 ranks
as the predominant enzyme in BV, closely followed by
hyaluronidase. Other molecules are also present in BV
composition such as: sugars, minerals, amino acids and
catecholamines %!, Volatiles compounds are also among
BV components. However, due to their volatile properties
they are lost easily during collection "\,

Bee venom is using in an alternative medicine for the
treatment of some diseases, such as rheumatism arthritis,
Parkinson’s disease (PD), Alzheimer’s disease (AD), and
amyotrophic lateral sclerosis (ALS) "*.

Nonetheless, the necessity for standardizing it as a reliable
and safe medicinal product is imperative. In this regard,
the method for apitoxin standardization proposed in
Korea appears to be a valuable approach. This method
involves the purification of bee venom, followed by the
application of a stepped-gradient open column (ODS-A;
120 A, 150 mesh). Consequently, this process results
in an increased yield of melittin while simultaneously
eliminating allergenic proteins. The purified bee venom
is analyzed by HPLC, and concentration of mellitin
is examined. Finally, bee venom is diluted to required
concentration and proper dose of apitoxin may be applied
using injection water in pharmacopuncture ",
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Antimicrobial Properties of Bee Venom and Antibiotic
Resistance

Bee venom has been largely investigated for its anti-
microbial properties and many research papers and
reviews have been published in the last recent years. BV
was found to inhibit several bacterial strains including
pathogenic bacteria (Table 5) 14114,

Maitip et. al.'! investigated the antimicrobial properties
of crude BV of four bee species in Thailand: A. cerena,
A. meliffera, A. florea and A. dorsata and compared its
effectiveness with synthetic melittins derived from the four
studied bee species. All BV and synthetized melittins were
more active against Gram-positive bacteria. BV showed
lower MIC values regarding all tested bacterial strains
with the lowest values for A. cerena crude BV compared to
melittin. Melittin inhibited Gram-positive bacteria in the
following order: S. epidermidis (MIC=12.5-50 ug/mL) >
M. luteus (MIC=25-50 ug/mL) > S. aureus (MIC=50-200
pg/mL) > MRSA (MIC=100-400 ug/mL) > B. subtilis (MIC
>400 pg/mL). Differences between the studied BV was
related to differences in their chemical composition !,

The effectiveness of the tested peptide was pointed to
be influenced by their seize, sequence, charge, structure,
hydrophobicity and amphipathicity . A. florea and
A. dorsata melittins exhibited a higher activity when
compared to the extracted BV. For A. cerena and A.
meliffera, results of BV and melittins were similar "*!. Alia
et al.l"" also reported an interesting effect of melittin on
L. monocytogenes (ATCC 19111) and S. aureus (ATCC
11632) with MIC value of of 12.5 pg/mL and 25 pg/mL
respectively. While melittin were less active on the tested
Gram-negative bacteria S. enterica and Y. kristensenii with
MIC values of of 100 ug/mL and 200 pg/mL respectively.

The emergence of antimicrobial resistance stands out as
a highly concerning issue within the domain of public
health. The spread at which bacteria develop resistance far
exceeds the ability to treat it or at least to stop this evolution.
The return to nature for research for new antimicrobial
molecules is a key point in favor of bee products. Many
investigations focusing on strains of increasing resistance
have proved the effectiveness of BV and its synthetized
or extracted polypeptides . BV and melittin showed
very promising results on resistant bacterial strains.

Table 5. BV antibacterial properties
. Mode of
Bee Ve.nom and Its Active Targeted Microorganisms Action (If Efficacy Main Outcome of Study References
Constituents . (e.g. IC50)
Available)
S. salivarius (ATCC 25975), S. sanguinis 20-40 pg/mL (apitoxin) Melittin was found to be the
Natural and commercial (ATCC 10556), S. 2-40 pg/mL (melittin) most active component
- s sobrinus (ATCC 33478), S. mutans ATCC >400 pg/mL (phospholipase apitoxin
apitoxin, melittin and ND L (41
hospholipase A 25175), S. A) melittin, were found to be
phosphotip 2 mitis (ATCC 49452), L.. casei ATCC 11578), 6-80 pg/mL (melittin + very effective against oral
E. faecalis (ATCC 4082) phospholipase A, ) pathogens.
Egyptian BV sac BV inhibits the Survival and
Apitox (Apitonoc services, S S K ia. E. coli the growth of and of the tested.
CANADA) - aureus, . pyogens, X prietmonia, L. ot ND 1.00-3.80 mg/mL In consequence, it can be used 22)
. . P. aeruginosa . .
Vacsera (Egyptian vaccine ascomplementary antimicrobial
and serum organization) agent
S. aureus ISP4790 and MU50 (clinical .
isolates), MRSA (USA300 (LAC), Newman, ES\Q;Z‘: :rfiit:ewfggisﬁ?e };:“
BV, melittin (synthetized and | MW2, MRSA1, MRSA2), S. agalactiae ND 1.56-12.5 1g/mL Melitti b th ptY'- (3]
purified) CNCTC 10/84, S. epidermidis RP62a, S. 0TS g it may Jave @ tierapentic
. . potential for the management
pneumonia TIGR4, S. gordonii M99 and S. of MRSA infections
bovis NEM760 '
E. faecalis (ATCC 29212), L. monocytogenes
(ATCC 11994), S. pyogenes S. aureus (ATCC | Synergetic BV is an interesting alternative
25923 and MRSA ), , B. subtilis (ATCC 6633 | effect of source of antimicrobial
and clinical strain, B. cereus (702 Roma), melittin compounds, including resistant
Anatolian BV M. smegmatis (ATC(‘Z 607), E. coli (ATCC and PLAZ 3.06-50.00 pg/mL microorganisms. - l144)
25922), K. pneumoniae subsp. pneumoniae (mecanism In vivo research are required
(ATCC, 18883), Y. pseudotuberculosis (ATCC | of action to evaluate BV safety and
911), Vibrio sp. (Clinic strain), A. hydrophila | not effectiveness for future
(ATCC 7966), A. sobria (ATCC 43979), P clarified) therapeutic uses.
aeruginosa (ATCC 27853)
A. cerana crude venom and
melittin were
most effective in against Gram-
Crude venom from A. S. aureus, MRSA positive bacteria and MRSA.
mellifera, A. cerana, A. S. epidermidis, B. Subtilus, M. luteus, Crude venom is more effective 12
dorsata, and A. florea K. pneumonia, WD 16772 2T il than melittin. Both substances o
(Thailand) and melittin E. coli, S. thyphimurium might be potential sources
of antimicrobial agents against
Gram-positive and antibiotic-
resistant bacteria.
ND: not determined
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They were reported to be active on methicillin-resistant
S. aureus 1411441951 and B. burdorferi ). Melittin was also
reported to inhibit other antibiotic-resistant bacterial
strains. Melittin was tested on 20 isolates of A. baumannii.
MIC and MCB values were between 0.5 and 16 pg/mL for
MIC and 0.5 and 32 pg/mL for MBC *%. Gopal et al.l'*!!
demonstrated the effectiveness of melittin against 32
isolates of antibiotic-resistant bacteria including E. coli,
S. thyphimurium, P. aeruginosa and S. aureus suggesting
the potential use of melittin to treat microbial infection.
Khozani et al.'*? investigated the antibacterial activity
of melittin against 33 P. aeruginosa strains isolated from
patients with burns (third degree) and compared its effect
to conventional antibiotic namely colistin, ceftazidime
and doripenem. In vitro results indicated that melittin was
the most active. Then, authors conducted an in vivo study
using topical application in animal model such as mouse
with infected burn and confirmed the results obtained
in vitro.

S. aureus represents a significant pathogenic agent
responsible for infections in both community and
healthcare settings. The rise of MRSA has presented a sub-
stantial challenge to healthcare systems worldwide 11531541,
Choi et al.l'*¥l examined in vitro the effect of BV and
melittin on MRSA and sensitive S. aureus. In addition,
other Gram-positive bacteria were also tested. In vivo
experiments were performed on infected mice with
S. aureus. MRSA tested strains were more sensitive to
BV with MIC values ranging between 0.78 and 3.12 ug/
mL. While S. aureus sensitive strains were less active
and exhibited a higher MIC values (3.13-12.5 pg/mL).
However, the i.p injection of BV into mice infected with
HSA300 strain indicated that the use of 1.25 or 2.5 pg/kg
BV at the time of infection did not show any protective
effect. The same results were reported with the injection
of BV one hour before the induction of infection. All
mice died in the treated group. BV treatment seems to
enhance the caused bacteremia. Moreover, no significant
difference was observed between the control and the BV
treated group in an induced staphylococcal skin infection
model. Treatments were applied daily for 10 days. Melittin
was administered alone and in combination with PLA2 at
various concentrations. No significant effect was observed
on the MRSA cell death. Purified and synthetized melittin
at 5 mg/kg injected into infected mice one hour after
bacterial injection did not kill all the treated mice and 50%
survived.

Several mechanisms have been suggested to explain
melittin antibacterial properties. One of the proposed
mechanisms is related to alpha helical form and its effect
on the surface membrane of the cells. This form is involved
in the membrane disintegration caused by the insertion of
the alpha helical form into the surface membrane causing

the formation of pores affecting membrane permeability
and leading to osmotic cytolysis *>!*¢/ According to
several authors, melittin antimicrobial effect is similar to
other antimicrobial peptides. Because its amphipathicity,
melittin can integrate into the phospholipide bilayer
when low concentrations are used. However, in higher
concentration, melittin become homodimerized and can
form pores, disrupt phospholipid and release Ca?* 157-15],

B. burgdorferi is a spirochetal bacterial causing lime
disease. Several factors can cause the transformation of
B. burgdorferi in a defensive form. Unfortunately, the
defensive forms were reported to possess a high resistance
to the currently used treatment "%’ Melittin effects on
the surface components of spirochetal organisms include
the increasing bleeding of surface membrane and the
modification of the outer envelope integrity. However,
the DNA is not damaged, and analysis showed intact
DNA. Melittin act also on B. burgdorferi motility at the
beginning of the treatment 11,

In addition to melittin, BV antimicrobial activity was also
attributed to PLA2. Both components act by producing
pores in bacteria membrane causing their damage then
their lyse 013162183 The two compounds may form a
complex by hetero-oligomerization, which indicate that
the toxic effect may result on an enhanced activity due
to the synergism effect of the two BV toxins. The formed
complex is responsible of the rapid lyse of the bacteria.
The combination of melittin to PLA2 can enhance its
ability to bind to the outer membrane. This binding
enables melittin oligomerization and pore formation
on the bacterial membrane "*. The described binding
was explained by several authors ['>1%) as a result of an
electrostatic attraction between melittin basic amino acid
residues and phosphate group of a key constituent the cell
membrane, phosphatidylcholine.

Use of Bee Venom in the Biofilm Control

Antimicrobial peptides are a promising strategy to combat
resistant strains [ 1l The development of antibiotic
resistance within biofilms primarily results from the
existence of dormant populations residing within the
established film. Standard antibiotics cannot act actively
on biofilm because they are effective on actively growing
population. Therefore, the dormant population is not
eliminated . Antimicrobial peptides such as melittin
can act on both active and dormant populations. They
cause membrane disruption followed by the death of
both populations. Recently, antimicrobial peptides were
pointed to act using other mechanisms affecting protein
synthesis and/or nucleic acid 17,

BV was evaluated for its antibacterial and antibiofilm
effect on multidrug resistant bacteria (MDR) isolated
from clinical specimens. Results indicated that MDR
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Gram-positive bacteria were more sensitive to BV. BV
sub-MICs values reduced biofilm formation of S. aureus,
vancomycin resistant S. aureus, S. hemolyticus, E. faecalis
and P. aeruginosa with reduction varying from 63.8%
to 92% 171,

In the last recent years, biofilm was described for
Borrelia. The aggregate forms were found to be highly
resistant both in vivo of in vitro studies '">'%]. Sacarros
et al.'*!! investigated the effect of A. meliffera BV and
melittin on the biofilm (surface attached and floating-
aggregates) caused by B. burgdorferi and compared it to
cefoperazone, doxycycline and daptomycin used alone
or in combination. The tested antibiotics were recently
reported to be effective against persistent forms. The
treatment by cefoperazone, daptomycin and antibiotic
combination was found to reduce viable and persister
spirochetes. While doxycycline was not active on persisted
forms. BV antibiofilm effect was tested at 100, 400 and 800
ug/mL. While melittin was tested at 50, 200 and 400 ug/
mL. Stationary cultures were incubated for 7 days. Finally,
viability was assessed through the utilization of the SYBR
Green I/PI assay and direct counting methods. It was
observed that BV led to a marked reduction in the number
of viable cells across all tested concentrations when
compared to daptomycin and the negative control. After
7 days incubation, BV above 400 ug/mL was found to be
as effective as cefoperazone and the tested combination
of antibiotics. Melittin significantly reduced spirochetes
at all tested concentrations compared to doxycycline
and negative control. Persistent forms were significantly
reduced by melittin, which was more effective than BV
and all the tested antibiotics alone or in combination "',

BV and melittin were studied against planktonic and
biofilm states of S. aureus methicillin-resistant MRSA 74,
Melittin was more effective compared to BV with MIC
and MCB values of 6.7 and 26 pg/mL respectively. BV
and melittin demonstrated a bactericidal synergism with
oxacillin. BV and melittin did not affect MRSA enterotoxin
production or release. They seem to cause cell distortion
and disintegration associated to cytoplasm loss of content.

Melittin effect on the formation and viability of bacteria
within biofilms was evaluated by several authors [*"175-177],
Melittin was effective against several strains such as P.
aeruginosa (P. aeruginosa ATCC15442, P. aeruginosa
ATCC27853, clinical strain and MDR P. aeruginosa), E.
coli ATCC8739 and clinical strain, K. pneumonia and
A. baumannii. Melittin was able to decrease biofilm
formation in a dose and time-dependent manner 15:152175-177],
In addition, melittin was more active compared to
chloramphenicol, ampicillin and levofloxacin %!,

Beeswax and Beebread

Beeswax is a honeycomb raw material and a bee product
that has an extensive usage area. It is a product used in

many sectors such as coating agents in the food sector,
health sector, cosmetics, soaps and creams, textiles,
ornaments production, paint, and paper industry U7,
Beeswax is a functional natural substance preferred by
manufacturers in recent years due to its rich nutrient
content. Currently, beeswax is used in the food industry as
a brightener, flavor retainer, and coating agent, in chewing
gum, confectionery, chocolate, snacks, nuts, and fruit and
vegetable products ['°). Regarding the studies on extending
the shelf life of foods and investigating the antimicrobial
resistance of beeswax, it has been seen that there are still
insufficient numbers of studies using beeswax. These
studies are shown in Table 6 and Table 7.

Bee bread plays a critical role in human nutrition and is
a valuable source of polyunsaturated fatty acids, which
the human body cannot produce naturally. The ratio of
chemical and nutritional components of bee bread; contains
5.91% water, 7.79% total lipid content, approximately
20% complete protein, 24-35% total carbohydrates, and
various vitamins, minerals, and enzymes !'®\. Bee bread
is one of the bee products with high nutritional content.
It is produced by anaerobic fermentation from bee pollen
by means of several Lactobacillus spp. It possesses water,
carbohydrates, free amino acids, proteins, lipids, fatty
acids, vitamins, and bioactive compounds. Bee bread
serves as the primary source of nutrition for both queen
bees and young bees. The young bees that emerge from
the pupa is fed with bee bread for the first 5 days [18182],
Bee bread is a functional natural ingredient that has been
preferred by producers recently with its rich nutritional
content and bioactive properties. However, when we
look at the studies on extending the shelf life of foods, it
has been seen that there are very few studies using bee
bread 1%, These studies were given in Table 6 and Table 7.

Bee bread is created through the collection of pollen
by bees, which they then process by adding honey and
enzymes before storing it in honeycombs ! (Fig. 4).

Beebread

Pollen

Fig 4. Bee bread production
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Antimicrobial Properties of Beeswax, Bee Bread and
Antibiotic Resistance

Ochoa et al.'®! evaluated the physicochemical and
antimicrobial effects of microemulsified wax-based edible
films. Beeswax was applied to the modified starch films
as a 1% microemulsion, creating homogeneity in the
edible films, and no change in thickness and opacity. The
water vapor permeability, elasticity, and tensile strength
exhibited a decline. In edible films treated with 1% wax,
the activity of the combination of natural antimicrobials
(Rhizopus stolonifer, Salmonella saintpaul, Botrytis cinerea,
and Colletotrichum gloeosporioides) was inhibited. In the
data obtained, it has been seen that beeswax can be used as
a coating to increase the shelflife of fresh products without
being felt by the consumers. In edible films, it offered a
homogeneous surface, less water vapor permeability, and
improved mechanical properties without a thickness or
opacity that could negatively affect the preference for
coated foods.

Meindrawan et al.'®! conducted an investigation to
evaluate the extension of the shelf life of salak fruit
(Salacca zalacca) using an edible film coating composed of
glucomannan-wax-chitosan polymer. This edible coating,
which consisted of glucomannan-wax-chitosan, led to
a 10% reduction in the activity of E. coli and S. aureus
compared to the control group. Additionally, it effectively
curbed the rate of water vapor transfer and decreased
the weight loss of salak fruit by 27% when compared to
the control group. Salak fruit treated with glucomannan-
wax-chitosan did not show any mold growth for 3 days at
room temperature. Judging by the results in this test, the
glucomannan-wax-chitosan edible coating successfully
demonstrated antimicrobial activity on the lowest
processed salak fruit, suggesting that similar results could
probably be obtained from other fruits as well.

Disayathanoowat et al.'®”! studied both bacterial and
fungal viability in bee bread collected in the hive of two
different honeybees, Apis cerana, and Apis mellifera in
China. While a pH decrease occurred in the bee bread
collected in the pack, it was noted in the data that while the
bacterial population decreased, the fungal population did
not change. In a concise time, there was a serious decrease
in the number of bacteria in the bee bread accumulated in
the hive. However, the amount of Acinetobacter was high.
In the amount of fungus, Cladosporium genus was found
in a large amount in bee bread. In addition, Cladosporium
and various other filamentous fungi that survived in
bee bread stored in the hive stimulated honeybees to
conserve pollen by releasing organic acids. In this study,
the microbial interactions of two honeybees in the food
source were examined. It was determined that bee bread
showed an antimicrobial resistance against bacteria but
could not show an effect against fungi.

s -~

Y:‘GES

Micrococeus
Luteus

§o

Staphylococcus
Aureus

%

Acinetobacter

Escherichia coli

I X

Listeria
Monocytogenes

Bee Bread

7

~— Cladosporium

Fig 5. Antimicrobial properties of bee bread against some pathogens

In the study conducted by Kaya et al.'*!, extracts of
bee bread were prepared using three different solvents:
methanol, distilled water, and a mixture of methanol
and pure water. These extracts were then tested for their
antibacterial effects against L. monocytogenes, E. coli, M.
luteus,and S. aureus. The results indicated that all bee bread
samples dissolved in methanol displayed effectiveness
against E. coli. Similarly, bee bread samples dissolved in
methanol and a methanol: pure water mixture were found
to be effective against L. monocytogenes, except for two
samples from the methanol-dissolved group, which did
not show efficacy against M. luteus. It was established that
all other samples, as well as those of bee bread dissolved in
methanol, exhibited antibacterial activity against S. aureus
(Fig. 5).

In the study by Kowalski and Makarewicz *8 the functional
properties of honey enriched with bee bread and propolis
were investigated. The effects of enriched honey on
total phenolic content, growth of microorganisms, and
antioxidant activity were observed. It has been observed
that honey enriched with bee products has antibacterial
solid activity and exhibits strong antioxidant properties,
especially against E. coli, but not all tested honey shows the
same effect against Micrococcus luteus. It was stated that
bee bread has the most important effect on antioxidant
activity and the addition of 1% propolis has antibacterial
activity. Studies have shown that fortifying honey with
both bee bread and propolis is highly beneficial for its
antioxidant and antimicrobial properties. Consequently,
bee bread and propolis have the potential to serve as
natural dietary supplements with robust antibacterial
activity, particularly against E. coli, and high antioxidant
properties.

Use of Beeswax and Bee Bread in Biofilm Control

Consumption of foodstuffs shortly after their production
is generally not possible. Therefore, food should be
packaged to preserve its quality and nutritional value
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Table 6. Antibacterial properties of the beeswax and bee bread

Targeted Microbe

Beeswax/Bee Bread Type (Fungal/Bacterial)

Applied Product

Outcomes Reference

Beeswax Modified corn starches

cinerea, and S. Saintpaul

R. stolonifer, C. gloeosporioides, B.

It has been observed that beeswax can be used as
a coating

[185]

Glucomannan, chitosan, and

S. aureus, Escherichia coli
beeswax

Salacca zalacca

Successfully demonstrated antimicrobial activity
on beeswax-treated salak fruit

[186]

Apis mellifera and Apis

cerana bee breads sp. and Coreopsis sp.

Acinetobacter, Cladosporium, Oxalis

It was determined that bee bread showed
antimicrobial resistance against bacteria, but it was [187]
not effective against fungi

Bee Bread S qureus

E.coli, L.monocytogenes, M.luteus, and

It was determined that bee bread showed
antibacterial activity against all the factors el
mentioned

Bee Bread and Propolis Honey E.coli and M.Iuteus

Studies have shown that enriching bee bread and
propolis with its antioxidant and antimicrobial [188]
properties is beneficial for honey

throughout its shelf life ['*1°!l. The most critical tasks of
edible films and coatings; keeping oxygen, carbon dioxide,
and lipid transfer in balance, delaying the loss of taste
and aroma, and preserving antioxidants, antimicrobial
substances, pigments, ions, and vitamins that inhibit
browning reactions in the food, while prolonging the
quality and shelf life 2.

Hromi$ et al.®? tested the antibacterial properties of
chitosan and the antimicrobial effects of combining
beeswax with cumin essential oil were examined, using E.
coliand S. aureus as the targeted bacteria. The introduction
of essential oil and beeswax led to alterations in the
visual and sensory attributes of the pure chitosan film.
The application of wax to the chitosan film expanded its
coverage area by diminishing its susceptibility to ambient
humidity, resistance to swelling at different pH levels,
and water solubility. Moreover, the inclusion of wax into
the chitosan film also resulted in a reduction in the water
vapor transmission rate. In the group with the highest wax
content, there was a noteworthy 7-fold reduction in water
vapor permeability. These modified films demonstrated
successful antimicrobial and antioxidant properties, which
are highly advantageous characteristics for packaging
applications.

Oliveira et al.l' aimed to create biopolymer films
that offer the best water vapor transmission rate with
a biopolymeric coating hydrophobized with wax for
postharvest storage of guavas. Biopolymeric coatings are
highly efficient in maintaining the chemical and sensory
qualities of fruits and vegetables, as they play a crucial part
in preserving a multitude of nutrients during storage. In
this context, beeswax was incorporated into the polymeric
matrix as a hydrophobic agent at different proportions
relative to the dry weight of the biopolymer. Among the
tested biofilm variations, the one containing 10% wax
yielded the most favorable outcomes in terms of the
water vapor transmission rate. It was also very effective
in delaying the loss of chlorophyll. An increase of 80%
in elasticity values and a decrease of 15% in solubility

indicated that its resistance to adverse environmental
conditions increased. In the physicochemical analysis, the
application of beeswax minimized weight loss and gave
the fruits sufficient ripening opportunity for 15 days.
Sensory analyzes performed at the end of the storage
period of coated and uncoated guavas showed that
fruits stored with wax-treated films achieved greater
acceptability. Looking at all these data shows that the
potential of the wax applied coating is quite high.

Hromis et al."* beeswax in various proportions, together
with chitosan, was applied to the collagen casings used in
the production of sausages. FTIR spectra, Film thickness,
and water vapor barrier properties were measured. As
a result of the addition of beeswax at various rates to
the chitosan layer, the film thickness increased to 112
um in the sheath with 5 g of beeswax, 225 pm with 25
g of beeswax, and 83 pum in the collagen sheath in the
control group. The thickness of the films resulting from
the beeswax added in various proportions increased
by approximately 25% to 63%. The water vapor barrier
performance improved in parallel with the increasing
amount of beeswax in the chitosan layer. It was measured
as 130.71 g/m?/24 h in the 5 g beeswax applied to film,
66.96 g/m*/24 h in the 25 g beeswax applied to film, and
290.64 g/m?/24 h in the control group. Beeswax application
has shown that the laminated collagen-chitosan film has
a significant potential to increase the water vapor barrier
performance. With the beeswax application, the water
vapor permeability rate decreased by up to 77%.

Wultanska et al.®! study tested the antibacterial and
antibiotic activity of bee bread against Clostridioides.
Biofilm was cultured in titration plates. The MIC values
of bee bread for Clostridioides were adjusted as 50
mg/L, 100 mg/L, and 200 mg/L respectively. Bee bread
affected biofilm formation at 200 mg/L and 100 mg/L
concentrations. At the same time, bee bread increased
the adhesion of Clostridioides. Bee bread did not affect
biomass formation. In the data obtained, it was observed
that bee bread was active against the Clostridioides strains.
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Table 7. Beeswax and bee bread anti-biofilm properties
Beeswax/bee bread type Applied product | Targeted effect Outcomes References
. L. L. . . . . The combined use of chitosan, essential oil,
Chitosan, caraway essential oil o Antimicrobial activity against E. coli " . 192]
Petri dishes and beeswax gave positive results in the use of 1192]
and beeswax and S. aureus .
biofilm
‘Paluma’ variety Creating biopolymer films that offer the A positive effect was obtained on the water )

Brasil beeswax
guava X
applying wax

best water vapor transmission rate by

vapor transmission rate by using beeswax

Chitosan, caraway essential oil

Sausage coatin
and beeswax 8 8

Film thickness and water vapor barrier
properties were determined

Positive results were obtained. There was a
decrease in water vapor transmission

[194]

Bee bread (a combination of flower
pollen, honey, royal jelly, and bee
enzymes)

Biofilm plates Clostridioides

Bee bread was found to be active against
Clostridioides strains

[195]

CONCLUSION AND FUTURE
PERSPECTIVES

As a result of this review, it is seen that bee products have
a significant potential for biofilm control along with their
antimicrobial properties. Bee products such as propolis,
royal jelly, and honey contain antimicrobial compounds
that control pathogenic microorganisms. In addition,
these products can prevent biofilm formation. Biofilm
is a structure formed due to microorganisms attaching
to surfaces and creating a film. Biofilm formation can
increase antimicrobial resistance and make infections
more difficult to treat. However, bee products can
inhibit biofilm formation and therefore help control
microorganisms.

In summary, bee products represent a significant alternative
approach for addressing antimicrobial resistance and
managing biofilms. These products can play a crucial role
in controlling pathogenic microorganisms and mitigating
resistance. Nevertheless, additional research is warranted
to ascertain their efficacy and determine appropriate
dosages. Notably, bee products exhibit fewer adverse
effects and are environmentally sustainable due to their
natural origins. Thus, the utilization of bee products in
the battle against antimicrobial resistance stands to offer
substantial benefits for human and animal health alike.

Highlight Keypoints

- Bee products can offer natural alternatives to control
drug-resistant infections.

- Compounds obtained from bee products have the
potential to inhibit biofilm formation in bacterial
infections.

- Natural bee products can serve as a resource to support
innovative treatments to combat antimicrobial resistance.

- More research is needed to explore the full health
potential of bee products.

- One Health approach, involving collaboration between
human and veterinary medicine, can optimize the use of
bee products in combating biofilm-related challenges.
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Determination of Subtypes, Serogroups, And Serotypes, Virulence, and/
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and Goat Feces by Multiplex PCR !
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[E] ] Abstract

In the study, rectal swabs taken from 300 ruminant animals including cattle (100), sheep
(100), and goats (100) were inoculated into Mac Conkey Agar and incubated for 18 h at
37°C. Escherichia coli isolates were confirmed by biochemical tests and the BBL Crystal
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INTRODUCTION infections in humans are asymptomatic or can cause
the transition from non-bloody to bloody diarrhea;
cause colitis, hemolytic uremic syndrome (HUS), and
hemorrhagic diseases that can result in death *]; cause
outbreaks of diarrhea in children and the elderly - 0157,
especially from STEC:s, is the main food-borne pathogen.
For non-O157 STECs, cattle are considered to be the
main reservoir . According to the 2020 European Union
One Health Zoonoses Report, the number of confirmed
human cases of STEC infections was 4.446 [°].

Shiga toxin-producing Escherichia coli (STEC), also
known as verocytotoxigenic E. coli (VTEC), can have one
or both of the Shiga toxin genes (stxI and stx2). STECs
are commensal in the gastrointestinal tract of ruminant
livestock such as cattle, sheep, and goats and are the main
source of transmission of STEC infections in humans 2.
During milking, slaughter, and removal of internal organs,
foods of animal origin become contaminated with STECs
present in feces and may pollute the environment. E. coli
0157, 026, 0103, O111, and 0145 serogroups have been ~ Enterohemorrhagic E. coli (EHEC) is the most common
most commonly identified as the “top five” serogroups foodborne pathogen. EHEC strains not only produce
found to be associated with human infections. STEC  potent cytotoxins but have also acquired the ability to

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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adhere to the intestinal mucosa. There are also certain
types of virulence factors. All strains produce hemolysin
(hlyA) and at least one Shiga-like toxin (stxI and/or stx2),
and most produce intimin, a 97 kDa binding and deletion
protein (eaeA) ). In India, Vietnam, and the USA, EAEC
has been reported to be the most common diarrheagenic
E. coli in children with diarrhea. There are two types of
EPEC: typical EPEC (Type I, eae, and bfp positive) and
atypical EPEC (Type 11, eae positive only). Typical EPEC,
causes gastroenteritis in babies and is usually seen in
babies under 2 years of age. Recent studies indicate an
increase in the prevalence of atypical EPEC strains ¥
Enteroaggregative E. coli (EAggEC), even in the absence of
Stx/VT, can cause diarrhea in children and adults. EAggEC
is best known for causing persistent diarrhea (>14 days)
in infants and developing children. In Mongolia, India,
Brazil, Nigeria, Israel, Venezuela, Congo, and many other
countries, EAggEC is the most common E. coli pathotype
in infants. EAggEC is the nontoxic-secreting E. coli type of
ETEC. It synthesizes aggregative adherence fimbriae with
the aggR gene. EAggEC usually causes watery and often
persistent diarrhea. Infection begins with the bacterium
first adhering to the terminal ileum and colon of the
aggregative adherence fimbriae. The damage/secretion
phase occurs with the release of cytokines, mucosal
toxicity, intestinal secretion, and induction of mucosal
inflammation ©..

Carcasses to be contamined with intestinal contents
during slaughterhouses. Therefore, bacteria present in
the intestinal contents can contaminate the carcass and
cause foodborne infections and toxicity. This study aimed
to determine the subtypes, serotypes, virulence, and/or
toxigenic properties of E. coli, which are at risk of causing
disease in humans, especially from the feces of ruminant
animals.

MATERIAL AND METHODS
Ethical Statement

The study has been approved by the Ethics Committee
of Kirikkale University (Approval No. E-60821397-619-
177126).

Sample Collection

In this project, rectal swab samples were collected from
300 ruminants, such as healthy cattle (100), sheep (100),
and goats (100). Rectal swabs from cattle were collected
aseptically from slaughterhouses in Kirikkale province,
and the rectal swabs from sheep and goats were delivered
to the laboratory in a transport medium with a cold chain
at 4-8°C.

Isolation and Identification

The swabs were seeded on Mac Conkey Agar and incubated

at 37°C for 18 h. Biochemical testing was performed on
isolates that exhibited typical characteristics of E. coli,
and the presence was confirmed using both conventional
methods and the rapid diagnostic system BBL Crystal.

DNA Isolation

A 100 pL of sterile deionized water was added to each of
five (n=5) E. coli colonies. For DNA isolation, they were
boiled at 95°C for 10 min with a hot plate and centrifuged
at 1000 g. for 10 min. The supernatant was transferred
to sterile Eppendorf tubes, and the amount of DNA was
measured with a Nanodrop spectrophotometer, and then
the concentration was adjusted to 100 ng/pL .

PCR

For PCR: 12.5 mL of master mix, 1 pL of DNA, 5 uL of
each primer, and 6.5 pL of sterile distilled water were
added, and the total volume was adjusted to 25 pL. The
thermocycling conditions were as follows: 1 min at 95°C;
35 cycles at 94°C for 1 min, 60°C for 1 min, 72°C for 1 min,
and finally one cycle at 72°C for 5 min. E. coli serotypes and
serogroups were screened for virulence and/or toxigenic
genes by PCR assays: serotypes 026, 045, 0103, O111,
0121, 0145, 0157 I and subtypes ETEC (elt, Stla), EPEC
(eaeA, bfpA), EHEC (EhlyA), EAEC (CVD432) ® and
STEC (stx1, stx2, eaeA) . Amplicons (10 pL) generated by
PCR were electrophoresed on a 2% agarose gel, in 1xXTAE
buffer, at 100 volts for approximately 1 h. The bands were
evaluated under UV light .

Statistical Analysis

The KAPPA test was used to compare the analysis results
of the methods used in the study for E. coli serogroups
and serotypes. The results were evaluated according to Mc
Hugh ®I.

RESULTS

Stool samples from slaughterhouses and farms in Kirikkale
were collected under sterile conditions and delivered to the
laboratory as soon as possible. As a result of the isolation
studies, 50 E. coli were isolated and identified from cattle
feces, 92 from sheep feces, and 80 from goat feces.

PCR analysis of 92 E. coli isolates from sheep feces revealed
the following serotypes and their ratios, ranking from
highest to lowest: 26 of 026 (28.3%), 22 O157 (23.9%),
18 0103 (19.6%), 13 0121 (14.1%), 9 045 (9.8%), 4 O111
(4.3%); O145 was not found. PCR analysis of 80 E. coli
isolates from goat feces revealed the following serotypes
and their ratios, ranking from highest to lowest: 20 of 045
(25%), 20 of O111 (25%), 16 026 (20%), 12 O121 (15%),
8 0157 (10%), 4 0145 (5%); 0103 was not found. PCR
analysis of 50 E. coli isolates from bovine feces determined
serotypes and their ratios as follows, ranking from highest
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Table 1. PCR analysis results of E. coli serotypes and ratios from all animal fecal samples

Animals Serotypes Numbers (%)

(Total Isolates) 026 045 0103 o111 0121 0145 0157

Sheep Feces (92) 26 (28.3) 9(9.8) 18 (19.6) 4(4.3) 13 (14.1) 0 (0) 22 (23.9)

Goat Feces (80) 16 (20) 20 (25) 0 (0) 20 (25) 12 (15) 4(5) 8 (10)

Cattle Feces (50) 5(10) 11 (22) 5(10) 7 (14) 7 (14) 2 (4) 21 (42)

Total (222) 47 (21.1) 40 (18) 23 (10.4) 31 (14) 32 (14.4) 6(2.7) 51 (23)

Table 2. PCR analysis results of E. coli subtypes and ratios from all animal fecal samples

Subtypes Numbers (%)

Animals

(Total Isolates) ETEC EPEC STEC EHEC EAEC

Genes Elt Stla all eaeA bfpA stx1 stx2 eaeA EhlyA CVD432

Sheep (92) 32 (35) 9 (10) 18 (20) 5 (5) 37 (40) 32 (35) 41(45) | 32 (35) |23 (25) | 69 (75)

Goat (80) 32 (40) 24 (30) 0 (0) 40 (50) 52 (65) 40 (50) 68(85) | 20 (25) |24 (30) |52 (65)

Cattle (50) 20 (39.1) 11 (21.7) 4(8.7) 24 (47.8) 22 (43.5) 30 (60.9) 33 (65.2) 9 (17.4) |15 (30.4) | 46 (91.3)

Total (222) 84 (37.8) 44 (19.8) 22 (9.9) 69 (31.1) 111 (50) 102 (45.9) | 142 (64) 61 (27.5) | 61 (27.5) | 164 (73.9)

Table 3. Kappa test results

K

Animals and

e o | 2 | T | | | | | e | b
045 0.146 0.002 -0.06 -1.005 0.175 0.117 0.174 0.368 -0.099 -3.294
0157 0.434 0.62 0 0.49 1.61 0.352 0.519 -0.029 0.46 0.176

Sheep 026 -0.048 -0.186 0.216 -0.117 0.462 -0.179 -0.514 -0.336 -0.146 -0.124
0103 -0.193 0.497 -0.052 -0.185 -0.203 -0.08 -0.379 0.566 -0.072 -0.153
0121 -0.19 -0.114 -0.016 0.41 0.602 -0.203 0.542 0.223 -0.174 0.06
045 -0.019 0.068 -0.133 -0.043 -0.1 -0.037 -0.124 0.66 -0.125 0.272
0157 -0.19 -0.171 -0.2 0.006 0.2921 -0.612 -0.16 0 -0.29 0.33
026 -0.136 0.21 0.2 0.22 -0.01 -0.12 -0.149 13 -0.05 -0.126

Goat 0103 0 0 0 0 0 0 0 0 0 0
0121 0.52 0.604 0.01 0.183 0.7 0.1 0.076 0 1.09 3.568
0145 0.146 -0.093 0.1 0.05 0.11 0.018 -0.9 0 -0.093 0.055
0111 0 -0.125 0.288 -0.043 0.3 0 0.46 0 0.375 0.92
045 0.194 0.558 -0.46 0.186 0.158 0.158 0.601 0.33 -0.042 0.067
0157 -0.131 -0.129 0.279 -0.012 -0.123 1.573 0.821 -0.19 0.029 -0.185
026 -0.131 -0.151 0.516 -0.174 -0.289 0.11 -0.123 -0.098 -0.098 0.02

Bovine 0103 -0.086 -0.074 0.99 -0.091 -0.082 0.061 -0.07 -0.059 -0.8 0.012
0121 0.165 -0.201 1.041 -0.096 0.168 -3.25 0.15 -0.357 0.016 0.033
0145 -0.126 -0.073 0.091 0.103 0.055 -0.08 0.309 0.996 0.197 -1.74
0111 0.25 0.232 0.09 0.024 0.084 0.084 -0.07 0.581 0.194 -1.74
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to lowest: 21 of O157 (42%), 11 of 045 (22%), 7 of 0121
(14%), 7 of O111 (14%), 5 026 (10%), 5 of 0103 (10%),
2 0145 (4%). PCR analysis of 222 E. coli isolates from all
animal fecal samples revealed the following serotypes and
their ratios; 51 of O157 (23%), 47 of 026 (21.6%), 40 of
045 (18%), 32 of 0121 (14.4%), 31 of O111 (14.4%), 23
of 0103 (10.4%), 6 of 0145 (2.7%). The most common
serotypes of E. coli isolated and identified from various
animal fecal samples are, respectively: In sheep: 026,
0157, 0103, 121, O45, O111; in goats: 045, O111, 026,
0121, 0157, 0145; and in cattle: 0157, 045, 0121, O111,
026, 0103, O145. PCR analysis results of E. coli serotypes
and ratios from all animal fecal samples are shown in
Table 1.

When evaluated as E. coli subtypes ratios from sheep fecal
samples, ETEC (elt) are 35%, and ETEC (Stla) are 10%;
EPEC (eaeA) are 5% and EPEC (bfpA) are 40%; STEC
(stx1) are 35%, STEC (stx2) are 45%, STEC (eaeA) are 35%;
ETEC (all) are 20%; EHEC (EhlyA) are 25% and EAEC
(CVD432) are 75%.; E. coli subtypes ratios from goat fecal
samples ETEC (elt) is 40%, and ETEC (Stla) is 30%; EPEC
(eaeA) is 50% and EPEC (bfpA) is 65%; STEC (stxI) is
50%, STEC (stx2) is 85%, STEC (eaeA) is 25%; ETEC (all)
is 0%; EHEC (EhlyA) is 30% and EAEC (CVD432) is 65%.;
E. coli subtypes ratios from cattle fecal samples ETEC (elt)
is 39.1%, and ETEC (Stla) is 21.7%, EPEC (eaeA) is 47.8%
and EPEC (bfpA) is 43.5%; STEC (stxI) is 60.9%, STEC
(stx2) is 65.2% STEC (eaeA) is17.4%; ETEC (all) is 8.7%;
EHEC (EhlyA) is 30.4% and EAEC (CVD432) is 91.3%.
PCR analysis results of E. coli subtypes and ratios from all
animal fecal samples are shown in Table 2.

As a result, subspecies of E. coli isolated and identified
from individuals most frequently seen in different animals
are EAEC (CVD432), STEC (stx2), EPEC (bfpA), ETEC
(elt), STEC (stx1), STEC (eaeA), EHEC (EhlyA), ETEC
(all), ETEC (Stla), EPEC (eaeA) in sheep; in goats these
were STEC (stx2), EAEC (CVD432), EPEC (bfpA), EPEC
(eaeA), STEC (stx1), ETEC (elt), EHEC (EhlyA), ETEC
(Stla), STEC (eaeA). In cattle, it was detected as EAEC
(CVD432), STEC (stx2), STEC (stx1), EPEC (eaeA), EPEC
(bfpA), ETEC (elt), EHEC (EhlyA), ETEC (Stla), STEC
(eaeA), ETEC (all). The identified ones in all animals were
EAEC (CVD432), STEC (stx2), EPEC (bfpA), STEC (stx1I),
ETEC (elt), EPEC (eaeA), EHEC (EhlyA), STEC (eaeA),
ETEC (Stla), ETEC (all).

The results of the Kappa test performed were evaluated
(Table 3). Remarkably, that there is an almost perfect
correlation between the results of the sheep O517-STEC
(stx1), goat O121-EHEC and EAEC, goat O111-EAEC,
bovine O157-STEC (stx2 and eaeA), bovine O121-EPEC
(eaeA), and bovine O145-EIEC.

Di1sSCUSSION

Studies have reported that STECs transmitted from

feces during slaughter in ruminants, especially cattle,
are the main transmission source and primary reservoir
of HUS infections in humans. In the studies conducted
in the European Union country in the 2000s, the first 5
serotypes were 0157, 026, 0103, O111, and 0145 M. In
the study we conducted in Kirikkale Region, O45 and
0121 serotypes were also detected in cattle together with
these 5 serotypes.

The prevalence of STEC in ready-to-eat foods detected in
some countries is as follows: In Botswana, E. coli O157:H7
was detected at 3.8% in ground beef " and E. coli
O157:H7 at 0.1% in ground beef " E. coli O157:H7 was
detected as 0.4% in ground beef in Italy. STEC was 33.1%
in cattle feces in the USA, and O157 was 35.5% 2. STECs
in New Zealand were 17% in lamb and 12% in cattle . In
cattle feces in Italy, O157 was found at 6.3%, and 026 was
found at 3.8% """ and in addition to these literatures, STEC
was detected at 3.9% in cattle and 5.1% in pig carcasses in
Czechia, respectively ).

In another study, relatively similar rates were found in
cattle: stx2 was 65.2%, stxI was 60.9%; less in sheep, stx2
was 45%, stxI was 35%. In a study conducted in 2015,
0157 was detected at a rate of 6.3%, and O26 was at 3.8%
in Italy . In our study, a high rate of O157 serotype was
detected in cattle with a rate of 42% when compared to
other countries. STEC (stx1, stx2, eae, ehxA) was 63.5%
in cattle herds and 56.5% in sheep herds in Spain "%, stx2
(10%) and hlyA (35.9%) were the most common genes in
ruminant animals in Australia 7). 12.4% was stx positive
in cattle and children in Poland "*" In our study, stx2 and
Ehly were significantly higher than studies in Australia
and Poland; it was found to be more compatible with the
findings in Spain.

In a study conducted in Brazil, 52.8% stx1 and 14.3% stx2
were detected in sheep ["!. In another study conducted in
China, 61.5% of STEC was detected in sheep and 12.9% in
cattle; 69.1% of STECs in sheep were determined as stxI,
29.4% as stx2. It has been reported that STECs with eae
gene and stx2 gene are seen in 91.07% of HUS cases. In this
study, STEC was found to be quite high; stx1 was found to
be less than this study with a rate of 32%, stx2 was found
to be higher with 41%, and eaeA was found to be 32% 12021,
In another study conducted in China, 55.4% of 56 STECs
isolated from cattle and sheep were found as stx1, which is
in correlation with our study, and 3% as stx2, which is less
than our study . In another study conducted in India,
91 E. coli were isolated from a total of 120 infants (60) and
calves (60) with diarrhea, and 30.76% fimA gene and 7.69%
aggR gene were detected from EAEC genes by PCR .
In our study, the EAEC (CVD432) gene was detected at a
very high rate of 73.9%. In a study conducted in France
in 2023, they studied 500 fecal samples collected in a calf
slaughterhouse in one year; they identified 30 STECs from
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28 calves and reported that 2 of them were 0103 and 026
(73%), followed by O145 and 0157 . In our study, 0157
(42%), 026 (10%), and O45 (22%) were detected at a
higher rate given in order, and 0103 (10%) at a lower rate
than other serotypes when compared.

Seker etal.”, in their study on buffaloes in Afyon, Tiirkiye,
detected stxI and stx2 at 27.3%; eaeA at 9.1%; ehlyA at
72%. Kuyucuoglu et al.? conducted a study on cattle feces
in Afyon; these rates were determined as ehlyA 92.8% and
eaeA 57.1%. Yilmaz et al.¥’), in their study conducted in
Istanbul in 2006, found 70.3% vtl1, vt2, and eaeA; 11.1%
eaeA in cattle feces, carcass, and environmental samples.
In Hatay, vtx was detected in 80%, vtxl, and vtx2 in
3.9%, eaeA in 93.5%, and ehlyA in 96.1% in cattle rectal
swabs .. In our study, STEC stx2 was 65%, STEC stxI
was 61%, EPEC eaeA was 48%, STEC eaeA was 17%, and
EHEC EhlyA was 30%, which were found to be higher.
Apart from the first 5 serotypes that are frequently seen
in our study, the presence of serotypes such as O45 and
0121 was also detected. STEC and eaeA were detected at
higher rates than in other studies. In addition, the EAEC
(CVD432) subtype was found to be very high in our study.
It is seen as an important cause of diarrhea in epidemic
and non-epidemic situations and causes irritable bowel
syndrome. Also, STEC and EPEC genes were determined
as common genes; stxl, stx2, bfpA, and eaeA had higher
ratios than other genes. When considered among animals,
it was found that EPECs and STECs were highest in goats
and cattle. It was determined that stx2 was highest in goat
feces, and stx1 was highest in cattle and goat feces.

E. coli serotypes and subtypes detected at high rates in
cattle, sheep, and goat feces can pose a risk to human health
by contaminating meat from carcasses. It can cause some
important infections originating from red meat, especially
in humans. Within the framework of the concept of one
health, it will be beneficial to prevent E. coli serotypes and
subtypes seen in ruminant feces such as cattle, sheep, and
goats, especially in slaughterhouses, by taking necessary
biosecurity measures to protect public health.
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Abstract

This study was carried out to determine the prevalence and molecular characterization
of tick-borne pathogens (TBP) (Babesia spp., Theileria spp., and Hepatozoon spp.) in
asymptomatic dogs in the northeast Anatolia region of Tiirkiye. Blood samples of 400
clinically healthy dogs were analyzed using PCR and RLB techniques. TBP prevalence
and the relationship between habitat, gender, age, and breed of dogs were determined
by using the R package prevalence (version 0.2.0.) and the Pearson chi-square statistics.
Babesia spp., Theileria spp., Hepatozoon spp. DNAs were detected in 13% (52/400)
of the dogs by PCR, while the prevalence of TBPs was 24.25% (CI: 20.24-28.62) by
subsecuantial RLB assay. Sequence analysis of two Theileria ovis, two Babesia canis and
two Hepatozoon canis isolates showed 100% identity with the corresponding reference
isolates. In this study, Theileria ovis positivity was detected for the first time in dogs in
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INTRODUCTION

Ticks transmit a variety of pathogens to dogs, including
Hepatozoon spp., Babesia spp., and Theileria spp., threatening
animal health and causing severe economic losses 4],

Canine babesiosis is a disease transmitted by Dermacentor,
Rhipicephalus, and Haemaphysalis ticks and caused by
large (5 x 2.5 um) (Babesia canis, B. vogeli, B. rossi, and
Babesia sp.) and small (2 x 1.5 um) (B. gibsoni, B. conradae,
and B. microti-like) Babesia species. In studies conducted
in different countries around the world, Babesia spp.
infections in dogs have been reported with varying
prevalence rates 13512,

Theileriosis in dogs is manifested with clinical signs
including fever, anemia, thrombocytopenia, immune-
mediated syndrome, bleeding tendencies, lethargy, pale
mucous membranes and corneal opacity 1. Several
Theileria species such as Theileria annae, T. sable, T.

the northeast Anatolia region of Tiirkiye.

Keywords: Dog, Molecular characterization, Prevalence, Tick-borne pathogens

luwenshuni, T. buffeli, T. orientalis, T. ovis, T. annulata, and
T. equi have been reported in dogs [+>8%13-1°,

Hepatozoonosis is a protozoal infection in dogs caused
by Hepatozoon canis and H. americanum. While H. canis
is transmitted by Rhipicephalus sanguineus s.l. ticks, H.
americanum is transmitted by Amblyomma maculatum.
In studies conducted in Tiirkiye and different countries
around the world, the prevalence of hepatozoonosis has
been found to be at least 1% and at most 57.8%. Only H.
canis species was found in dogs in Tiirkiye 3202,

Epidemiologic data on hepatozoonosis, babesiosis, and
theileriosis in dogs are limited for the northeast Anatolia
region. In this study, it was aimed to determine the
prevalence and molecular characterization of tick-borne
pathogens (TBPs) (Babesia spp., Theileria spp., and
Hepatozoon spp.) in dogs in this region of Tiirkiye.

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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MATERIAL AND METHODS
Ethical Statement

This study was approved by the Kafkas University Animal
Experiments Local Ethics Committee (Approval no:
KAU-HADYEK: 2020-121).

Study Area

Mountains, plateaus, plains, and rivers occupy a large place
in Kars, Ardahan, and Igdir provinces, which cover an area
of approximately 20.000 km?* in the northeast Anatolia
region of Tiirkiye. The region is located in a strategically
important geographical position in terms of bordering
Armenia, Iran, Nakhchivan and Georgia. Its economy is
mainly based on animal husbandry, especially pasture-
based livestock production. Many dogs in the region
are also bred to guard the herds. In Kars and Ardahan
provinces, the autumn and winter months are cold, while
the summer months are cool and rainy. The dry season
is not very common because it can rain in all seasons. In
Igdur, there is a temperate climate due to the microclimate
created by the earth formations. While the average annual
temperature is 4.7°C in Kars and 3.7°C in Ardahan, it is
around 12.2°C in Igdir. In addition to parasitic diseases
transmitted by ticks, the distribution of tick species that
transmit pathogens also varies regionally and can be

found at high rates in different regions of Tiirkiye .

Ardahan, Kars, and Igdir provinces have large pastures
and plateaus because of their geographical location in the
northeastern Anatolia region of Tiirkiye. The economy of
the region is primarily based on agriculture and livestock
grazing. In the rural parts of the region, dogs are bred in
almost every home mainly to guard the livestock. The
urban/peri-urban population of dogs in the region is
mostly consisted of stray animals. According to the Animal
Protection Law (No: 5199) in Turkey, stray animals should
be collected in shelters, sterilized, vaccinated, and left to
the place where they were found, which are mostly in
the streets or periurban areas of the cities. Unfortunately,
such regulations do not fulfill the expectations to reduce
the number of stray animals. On the contrary, they lead
to an increase in the population of stray animals that lack
health control.

This study was carried out in the rural and urban/peri-
urban areas where dogs were previously diagnosed
with parasitic tick-borne infection (records of Kafkas
University Faculty of Veterinary Medicine Clinics) % in
the provinces of Kars, Ardahan, and Igdir in the northeast
Anatolian region of Tiirkiye.

Collection of Blood Samples

Blood samples were taken from Vena cephalica antebrachii
of 400 asymptomatic dogs from various habitats, ages,

® Ardahan

Erzurum

Fig 1. The map of study area

genders, and breeds, randomly selected from 22 locations
(Fig. 1). The location, gender, breed, and age of each
animal were recorded.

DNA Extraction and PCR Analysis of Blood Samples

DNA was extracted from blood samples using a commercial
kit (EcoSpin Blood Genomic DNA Kit, Cat. No:
EcoBGD-50x, Tiirkiye) according to the manufacturer’s
instructions. DNA samples were stored at -20°C until
use. Touchdown PCR was performed on genomic DNA
samples using specific primers for TBPs in a thermal
cycler (Biometra, Analytik Jena, Germany). The RLBF2
(5-GACACAGGGAGGTAGTGACAAG-3’) and RLBR2
(biotin-5-CTAAGAATTTCACCTCTGACAGT-3’)
primers, which amplify the 460-540 bp fragment of the V4
regionofthe 185SSUrRNAgenefor Theileriaspp.and Babesia
spp..and Hep-F (5'-ATACATGAGCAAAATCTCAAC-3")
and Hep-R (biotin-5"-CTTATTATTCCATGCTGCAG-3')
primers, which amplify the 666 bp fragment of the 185
rRNA gene for Hepatozoon spp., were used.

A total volume of 25 pL reaction mixture containing 8.5 uL
nuclease-free water, 12.5 uL master mix (MyTag, Bioline), 1
uL reverse primer, 1 pL forward primer, and 2 pL of template
DNA was used. Positive and negative controls (nuclease-free
water) were used to check for contamination [232829:33-351,
The PCR products were analyzed on a 1.5% agarose gel
using 0.5X TBE buffer and visualized by staining Ethidium
bromide under ultraviolet light.

Reverse Line Blotting (RLB)

Species-specific probes were synthesized by a commercial
company (Macrogen, Korea), and the RLB hybridization
technique was performed for TBPs with some
modifications ***! Lyophilized probes were diluted
with DNase- and RNase-free bi-distilled water at a
concentration of 100 pmol/uL. The PCR products were
perpendicularly bouned to the membrane in order to
detect TBPs. The nucleotide sequences of the probes
used in RLB were shown in Table 1.
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Table 1. Nucleotide sequences of probes used in RLB

Probs

Sequences (5’-3’)

References

Babesia catch all 1

ATT AGA GTG TTT CAA GCA GAC

[15]

Babesia catch all 2

ACT AGA GTGTTT CAA ACA GGC

[15]

Theileria annulata

CCT CTG GGG TCT GTG CA

[33]

Theileria/Babesia catchall

TAA TGG TTA ATA GGA (AG)C(AG) GTT G

[33]

Ehrlichia canis

TCT GGC TAT AGG AAATTG TTA

34

Ehrlichia chaffeensis ACC TTT TGG TTA TAA ATA ATT GTT [34]
Babesia vogeli AGC GTG TTC GAG TTT GCC 13l
Babesia rossi CGG TTT GTT GCCTTT GTG [se]
Babesia canis TGC GTT GAC CGT TTG AC (36)

Babesia canis 2

TGGTTG GTT ATT TCG TTT TCG

[36]

Babesia canis canis TGC GTT GAC GGT TTG AC 136l
Theileria equi TTC GTT GAC TGC GYT TGG C
Hepatozoon catch all GCT TTG TAA TTG GAA TGA TAG A (36l
Ehrlichia ruminantium AGT ATC TGT TAG TGG CAG [36)

Anaplasma- Ehrlichia catch all

GGG GGA AAG ATT TAT CGC TA

[36]

Anaplasma marginale GAC CGT ATA CGC AGC TTG 136l
Anaplasma ovis ACC GTA CGC GCA GCT TG [3¢]
Anaplasma centrale TCG AAC GGA CCA TAC GC €3y

Anaplasma phagocytophilum V1

TTG CTA TAA AGA ATA ATT AGT GG

[36]

Anaplasma phagocytophilum V2

GAA CGG ATT ATT CTT TGT AGC

[36]

Theileria genus-specific

GTT GAA TTT CTG CT(A/G) CAT (C/T)GC

[371

Theileria ovis

TTT TGC TCCTTT ACG AGT CTT TGC

[37]

Babesia ovis GCG CGCGGCCTTTGCGTTTACT 137]
Babesia gibsoni CTG CGT TGC CCG ACT CG (28]
Babesia conradae CGT TCC CTT CGG GGC 381

Theileria annae

CTT ATC ATT AAT TTC GCT TCC GAA CG

[38]

Hepatozoon canis

GCA TAT TCA GGA CTT TTA CTT TGA

[38]

Sequence Analysis

In order to confirm and characterize the species, DNA of the
RLB positive samples were subjected to PCR (BTS18SF2/
BTS18SR2 and HepF/HepR primers), and resulting
products were purified (QIAquick® PCR Purification
Kit, Qiagen) and then bidirectionally sequenced (Sanger
Dideoxy Sequencing Method). Sequences were oriented,
edited, and aligned using Geneious Prime software. The
sequences were compared for similarity to sequences
deposited in the GenBank database (www.ncbi.nlm.nih.
gov/BLAST).

Statistical Analysis

Statistical evaluation was performed using Pearson
chi-square, Fisher’s exact test, and SPSS 20.0 software
to determine the relationship between infections and
locations. Prevalence values were estimated with R package

prevalence (version 0.2.0.) developed by Devleesschauwer
et al.®l R package apparent prevalence (AP) was
calculated using Jeffreys confidence intervals as in the
package. True prevalence (TP) was calculated with perfect
test assumption and a uniform prior beta distribution in a
Bayesian framework with the following model developed
using the package: Model {x ~ dbin (AP, n) AP <- SE * TP
+(1-SP)*(1-TP),SE<-1, SP<-1, TP ~dbeta(1,1)}.

RESULTS

This study was carried out between April 2021-October
2021, and a total of 22 locations (4 from Igdir, 8 from
Ardahan, and 10 from Kars) were visited. Fifty-two
(13%) of 400 PCR products were found positive for
Babesia, Theileria, and Hepatozoon spp. by agarose gel
electrophoresis, while this rate was 24.25% (97/400) after
RLB hybridization assay. The apparent prevalence of the
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tested pathogens was calculated as 3.5% for T. ovis, 13% for
B. canis, and 7.75% for H. canis. Mixed infections were not
detected in any of the samples tested in the northeastern
Anatolia region of Tiirkiye (Table 2).

In the study, the highest prevalence of B. canis was
detected as 5.55% (CI: 1.90-12.66) in KafkasX, 6.66% (CI:
1.41-19.70) in the 2-year group, 6.66% (CI: 2.29-15.07)
in females and 4.00% (CI: 1.13-10.28) in shelter dogs in
Igdur.

The highest prevalence of B. canis in Kars was detected
as 39.24% (CL: 29.01-50.23) in KafkasX, 31.68% (CI:
23.22-41.17) in the 3-year and older group, 38.46% (CI:
27.34-50.58) in females, and 71.42% (CI: 57.82-82.58) in
shelter dogs.

The prevalence of B. canis was highest as 10.34% (CI:
3-25.09) in KafkasX, 10% (CI: 2.13-28.38) in the 2-year
group, 3.44% (CI: 0.72-10.60) in males, and 50.00% (CI:
16.68-83.31) in shelter dogs in Ardahan.

The highest prevalence of H. canis was detected as 20.83%
(CI: 11.24-33.81) in KangalX, 20% (CI: 8.80-36.66) in

the 2-year group, 20.77% (CI: 12.89-30.81) in males, and
17.33% (CI: 10.07-27.05) in shelter dogs in Igdur.

The highest prevalence of H. canis in Kars was detected as
3.63% (CI: 0.76-11.15) in KangalX, 2.12% (CI: 0.23-9.51)
in the 1-year group, 3.07% (CI: 0.64-9.50) in females, and
2.5% (CI: 0.70-6.52) in rural dogs.

The prevalence of H. canis was highest as 10% (CI: 4.28-
19.45) in KangalX, 10% (CI: 2.89-24.34) in the 1-year
group, 8.33% (CI: 2.40-20.59) in females, and 7.95% (CI:
3.62-14.98) in rural dogs in Ardahan.

The highest prevalence of T. ovis was detected as 9.72%
(CL: 4.45-18.14) in KafkasX, 10.52% (CL 5.10-18.88) in
the 3-year and older group, 7.79% (CI: 3.31-15.35) in
males, and 9.33% (CI: 4.27-17.45) in shelter dogs in Igdur.

The highest prevalence of T. ovis in Kars was detected
as 5.71% (CI: 1.20-17.09) in mixed-breed, 4.76% (CI:
0.51-20.17) in the 2-year group, 3.07% (CI: 0.64-9.50) in
females, and 3.33% (CI: 1.13-7.72) in rural dogs.

The prevalence of T. ovis was highest as 3.44% (CI: 0.37-
15.00) in KafkasX, 4.54% (CIL: 0.95-13.79) in the 3-year

Table 2. Distribution of infectious agents in blood samples according to RLB results

Study Area

Theileria ovis | Babesia canis | Hepatozoon canis

City Center/Shelter

5 2 12

Aralik Town Center

[gdur City Center

Tuzluca/Ciyrikli

City Center/Shelter

Posof/Yurtbekler

Posof/Turkgozu

Hanak/Koyunpinar

Cildir/Town Center
Ardahan

Cildir/Tasliagil

Cildir/Taskopru

Cildir/Bozyigit

City Center/Shelter

35

City Center/Karacaoren

Akyaka/Incedere

Arpacay/Shelter

City Center/Pasacayiri

Selim/Koyunyurdu

Kars Selim/Darbogaz

City Center/Bogatepe

City Center/University lodging

City Center/University farm

Total

14 52 31
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and older group, 3.44% (CI: 0.72-10.60) in males, and
" g = = = 2.27% (CI: 0.47-7.09) in rural dogs in Ardahan.
A A AN Vv
A~ =%} A~ ~
» The distribution and infection rates of TBPs according
O] .
£ THNNEE .- - to the hfib1ta.t, breed, age, and gender of the dogs were
summarized in Table 3 and Table 4.
z| & g[S 18| 8|52 8| R|& : : . .
e N =T I B T B Analysis of the overall infection rates, it is seen that B.
canis infections are concentrated in the east and north,
" g = = = while H. canis and T. ovis infections are concentrated in
& & & & the south and east of the study area (Fig. 2).
Relevant gene regions or genotypes of B. canis, T. ovis,
2 w | 5 and H. canis species detected by RLB were bidirectionally
g RI&818|5|8/8 88382 :
S 0| 2| 2|z isiela S e e sequenced using BTS18SF2/BTS18SR2 and HepF/HepR
e lalala|lg|elzl2|alg . . e 1
S18 32 818 212 21319 8 primers by a commercial company (BM labosis, Tiirkiye),
g = T2 8 S S8 815|8 = and compared with the sequences available in GenBank.
= In sequence analysis, the 18S rRNA gene, which is widely
used in the identification of Babesia and Theileria species,
gl |~ EREEEE -~ | B was targeted. The isolates belonging to Babesia and
Theileria species and genotypes were amplified usin
p genotyp p g
) — — ) =) o —~ o o .
20 S | R | g [FelielliEy 5 | o BRNEe Nbab1F/NbablR and BTS18SF2/BTS18SR2 primers, and
approximately 1600 bp and 1400 bp length amplification
N g ; ; ; products were obtained, respectively.
~ =%} =%} ~
In this study, three different pathogens (T. ovis in two
samples, B. canisintwosamples,and H. canisintwo samples)
o clglelal8lalalale were detected. The raw versions of the relevant sequences
N — E g 5 J q = J 5 5 . . .
g S 233 @ & . - A = were analyzed using the Geneious Prime program and
A ! B g J o « 3 ©
3 E S-S = I = I -3 I consensus sequences were formed. When compared
] F | x = - | n | X . .
= T T e B A % A B T A with the GenBank database; Kars City Center-Shelter 1
2, (Accession number: OR652378) and Kars City Center-
=)
3 2 - olalalolc|«lnlel s Shelter 20 (Accession number: OR652379) sequences of
T § the present study were found to be identical, and as a result
3 z| & r|3|8|8|5|3|c|[R|8|¢8 of BLAST analysis, the sequences were found to be 100%
< £ | identical to the B. canis sequences previously reported
§° . 5 g g g f from Kars (KF499115), Erzurum (KY247107, KY247106,
3 A & & a < KY247105, MT703876, KP745630, MN704759), Romania
5 § (KX711222, MW939359, HQ662634), China (MK571831,
g ¥
S %
- BRI R ‘
SR R R S I R A B TR gy e &-
L R - - - s s B = < S B LT X 4 iy =
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5] & & & & = = Fig 2. The overall infection rates of TBPs in study area
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MK256974, MH143391), Kazakhstan (MK070118), Russia
(AY649326, AY962186) and Estonia (KT008057). The
B. canis sequences reported from Kayseri were found
to be 99.86% (MG569903, 2 nucleotide differences) and
98.96% (KJ513199, KJ513200, KJ513201, 4 nucleotide
differences) similar.

The two sequences named Bogatepe 18 (Accession
number: OR652381) and Igdir City Center-Shelter
28 (Accession number: OR652382) were found to be
identical each other and showed 100% compatible with
T. ovis sequences reported from China (FJ603460) and
Tiirkiye (AY50845, KT851434, KT851435, KT851433,
KT851429). Additionally, these findings were determined
to be 99.92% similar to some sequences reported from
Tirkiye, with only 1 nucleotide difference (MN493111,
KT851436).

The two sequences named Igdir City Center-Shelter 26
(Accession number: OR652383) and Igdir Tuzluca 17
(Accession number: OR652384) were found to be identical
and 100% compatible with the H. canis sequences reported
from Konya (KX641899), Samsun (KX588232), Ankara
(MG077087, MG254611, MG254622, MG254594),
Croatia (KT736298), Iran (KX880506, KX880503,
KX880502, KT736298), Pakistan (MG209580), and
Zambia (LC331054).

Di1SCcuUSSION

Several factors including the existing vector population,
identification of new vectors, host/reservoir population,
animal transfer from endemicareas, climatological changes
and the implementation of vector control programs, play
a role in the epidemiology of vector-borne diseases ©I.
Studies have shown that the northeast Anatolia region of
Tiirkiye has a suitable ecosystem for tick population and a
high potential to transmit pathogens 2],

Babesiosis in dogs is caused by both large and small
Babesia species worldwide 24 Canine babesiosis
was first reported in 1935, and B. vogeli and B. gibsoni
were also detected in Tirkiye “!. Babesia canis was first
reported in the Kars region by Gokge et al.*!. In another
study conducted in the Kars region %, B. canis was
detected in 28 out of 53 (52.8%) dogs by PCR. In studies
conducted in Tiirkiye and different countries around the
world, canine babesiosis has been found at rates ranging
from 0.1% to 96% [-*>1141-63] Tn addition, B. canis has
previously been reported in equids in this study area /. In
this study conducted in the northeast Anatolia region, the
prevalence of B. canis, T. ovis, and H. canis was estimated as
13% (CI: 9.97-16.55), 3.5% (CI: 2.01-5.64) and 7.75% (CI:
5.43-10.67), respectively by RLB. When the study results
are evaluated on a provincial scale, the TBP infection rate
in Igdir was 16.05% (22/137) by PCR and 24.81% by RLB

(CI: 18.16-32.52). In Kars, the infection rate was 15.97%
(27/169) by PCR and 30.17% (CI: 23.63-37.39) by RLB,
while it was determined at a rate of 3.19% (3/94) by PCR
and 12.76% (CI: 7.17-20.60) by RLB in Ardahan region.
While Kars and Ardahan are geographically similar,
Igdir has a different structure compared to these two
provinces. In Kars and Igdir, the severity of the TBP
infection has become apparent. The local study on dog
tick infestation ™ revealed the presence of potential
TBP vectors. Considering the density of tick population,
the higher infection rate in the Kars and Igdir regions
compared to the Ardahan region can be attributed to the
increased exposure to tick attacks.

TBPs can be seen in all breeds of dogs. Compared to
other breeds, German Shepherds and Komondor dogs
are more predisposed to TBP infections 2. In studies 74
investigating whether dog breeds affect the prevalence
of babesiosis, American Pit Bull Terriers were found to
be susceptible to B. gibsoni infection. Birkkenheuer et
al."” also stated that the treatment of babesiosis is very
challenging, and Tosa Inu and American Staffordshire
Terrier breeds are more susceptible than other breeds. As
a result of this investigation, the overall infection rates of
TBPs were 10.42% (17/163) in KangalX, 16.66% (30/180)
in KafkasX and 8.77% (5/57) in mixed-breed dogs by
PCR. The prevalence of babesiosis was 4.90% (CI: 2.34-
9.04) in KangalX, 21.11% (CI: 15.63-27.50) in KafkasX,
and 10.52% (CI: 4.51-20.41) in mixed-breed dogs by RLB.
In this region, KafkasX and KangalX dogs are generally
bred to guard ruminant herds followed by mixed breeds,
and B. canis was predominantly detected in KafkasX dogs
in all provinces.

According to Solano-Gallego et al.l”, adults are more
predisposed to TBP infections than puppies. In a study
conducted by Aktas et al.’¥), it was found that age was not
a statistically significant factor in canine babesiosis. In
our study, the infection rate of TBPs was 8.33% (9/108)
in the 1-year group, 9.85% (7/71) in the 2-year group,
and 16.28% (36/221) in the 3-year and older group by
PCR. Meanwhile the prevalence of B. canis was 10.18%
(CI: 5.53-16.93) in the 1-year group, 9.85% (CI: 4.51-
18.38) in the 2-year group, and 15.38% (CI: 11.09-20.57)
in the 3-year and older group by RLB. Although there is
unequal distribution among age groups, the prevalence
of babesiosis was found to increase with age in RLB
results (P>0.05). When infection rates were compared by
provinces, B. canis infection was most frequently detected
in the 3-year and older group in Kars, and in the 2-year
group in Ardahan and Igdir. This situation was once again
linked to the density of tick population in the provinces .

When the distribution of TBPs was evaluated by gender,
there was no significant difference in the prevalence
between female and male dogs. However the infection
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was more commonly found in male dogs >**. In our
study, the infection rate of TBPs was 12.97% (31/239) in
males and 13.04% (21/161) in females by PCR and the
prevalence of babesiosis was 22.17% (CI: 17.26-27.75) in
the male group and 27.32% (CI: 20.89-34.57) in the female
group by RLB. Although it was statistically insignificant
(P>0.05), the distribution of B. canis according to gender
was found to be concentrated in females in Kars and Igdur,
and males in Ardahan.

Considering the habitat of dogs, in a study, the difference
in infection rate of stray and shelter dogs was found
insignificant (P>0.05) . However, our study revealed that
the infection rate of TBPs was 8.14% in rural and 23.07% in
shelter dogs as determined by PCR (P<0.05). Additionally,
the prevalence of B. canis was found to be 7.50% (CI: 3.77-
13.23) in rural and 71.42% (CI: 57.82-82.58) in shelter
dogs in Kars, 3.40% (CI: 0.96-8.81) in rural and 50% (CI:
16.68-83.31) in shelter dogs in Ardahan, 3.22% (CI: 0.67-
9.94) in rural and 4% (CI: 1.13-10.28) in shelter dogs in
Igdir by RLB (P<0.05). The dogs were not properly cared
for and their living conditions were inadequate. They were
not received proper protection and control program in
terms of TBPs. These findings are overlapped with both
the study conducted by Tasc1 et al.**! and the data of this
study. In the study conducted by Tasc1 et al.’], it was
determined that shelter dogs were more heavily infested
with ticks than owned dogs. It has been observed that
shelter dogs are infected with B. canis at a much higher
rate than rural dogs.

Previous studies in Tiirkiye and various countries
around the world have reported the prevalence of
hepatozoonosis in dogs to be 1-57.8% 1202222324248 Tn the
northeastern Anatolia region of Tiirkiye, the prevalence of
hepatozoonosis in dogs was determined to be 7.75% (CI:
5.43-10.67) by RLB within the reference range. When
the results of the study were evaluated at the provincial
level, the infection rate of hepatozoonosis was 15.32% (CI:
10.04-22.05) in Igdir, 1.77% (CI: 0.50-4.66) in Kars, and
7.44% (CIL: 3.39-14.06) in Ardahan by RLB. The reason
why this determined hepatozoonosis prevalence rate
was lower than other regions of Tiirkiye is believed to be
due to both the exposure to tick attacks and the biology
of the pathogen. In a study conducted in this region **,
it was determined that Rhipicephalus sanguineus s.1.,
the vector of H. canis, was abundant in Igdir. Compared
to other provinces, the higher hepetozoonosis infection
rate in Igdir could be attributed to the vector tick
population density.

Although theileriosis is not a specific infection of dogs, it
hasaglobal distributionin dogs. The prevalence of Theileria
species was found at different rates in previous studies.
T. luwenshuni, T. ovis, and T. buffeli were determined
in sheepdogs (13%) in Iran . In a study conducted in

Myanmar "7, 3 dogs were found to be infected with T.
orientalis, 3 with T. buffeli, 2 with T.cf. velifera, 1 with T.
luwenshuni and 1 with Theileria sp. The prevalence of T.
annulata was found to be 10.78% in Pakistan I, 1% in
Tiirkiye ¥, and 32.5% in Iran ", T. annae was found to be
3% in Croatia 1, 62.5% in Spain ), T. sable was found to
be 13% in Nigeria "*, and T. equi was found to be 1.3% in
Croatia ©, 19% in France "%, 4% in Nigeria %), 25.81% in
Egypt '8, T orientalis was found to be 0.1% in China ),
while T. ovis was found to be 4.7% in South Africa ¢,
0.29% in Kyrgyzstan . The mentioned species are
typically found in cattle, horses, and sheep as their hosts.
However, T. ovis was detected at a rate of 3.5% (CI: 2.01-
5.64) in dogs in this study. The difference between the
infection rates could be attributed to factors such as the
treatment for parasitic diseases, geographical locations,
number of blood samples and breeding purposes of the dogs.

In conclusion, the health of dogs is not sufficiently taken
care of in the northeast Anatolia region. The number
of shelter dogs is quite high due to reasons such as lack
of infrastructure, unconsciousness, and inadequacy of
municipal services. Many rural dogs are bred carelessly and
unconsciously. Nowadays, with increasing technological
developments, non-specific Theileria species have been
detected in different hosts. T. ovis, an apathogenic agent
of sheep, was encountered molecularly for the first time in
dogs in this region. Although this situation does not give
us information about the actual host of the parasite, it only
allowed us to detect the parasite in dogs. The detection of
T. ovis in dogs indicates a different picture of theileriosis
than traditionally thought. Although the findings of our
and other studies [%%1>364501 do not prove that dogs which
are used to manage the sheep and cattle herds are hosts
of Theileria species, they can be interpreted to contribute
to the epidemiology of theileriosis. According to our
findings, because of close living dogs and ruminant hosts,
the lack of host specificity of some species suggests that T.
ovis may be determined in different hosts and dogs may
be natural carriers or reservoirs of T. ovis. The results of
the study revealed that TBP infection rates were found
to be higher in shelter dogs compared to rural dogs. This
indicates that the care and rehabilitation conditions of
shelter dogs are not healthy enough.

More comprehensive studies should be conducted on
the pathogenicity of species or genotypes, distribution of
vector ticks, and molecular epidemiology of the detected
parasites, and to protect dog health, an effective prevention
and control program against parasites in dogs should be
implemented as soon as possible.
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INTRODUCTION

Abstract

The viral diseases that occurred in recent years have increased the interest in non-toxic
to healthy cells and naturally isolated agents to struggle with these diseases. The key
intention of this research is to examine both antiviral potentials against the Infectious
Bronchitis model virus (IBV) and cytotoxic activities on determined cell lines of
different active ingredients and medical herbs extracts for developing new antiviral
agents or drugs towards SARS-CoV-2. The antiviral potency of the samples against IBV
was determined as in ovo virucidal antiviral activity in specific pathogen-free (SPF)
embryonated chicken eggs (ECEs). To detect antiviral activity, the haemagglutination
test was performed after 48 h of incubation for all samples. The cytotoxic activity of the
samples was identified on HepG2, Caco-2, HeLa, HEK293, PANC-1, PC-3, A549, MDA-
MB-231, and CCD-34Lu cell lines by the MTT protocol. Hypericum perforatum extract
was found to have a dominant role in cytotoxicity and antiviral activity. In addition,
while nobiletin and Sambucus nigra do not exhibit cytotoxic activity on cells, they play a
significant role in antiviral activity. As a consequence of our investigation, the cytotoxic
and antiviral properties of Laurus nobilis, H. perforatum, and S. nigra extracts were
found remarkable and the potential of these extracts was demonstrated.

Keywords: Antiviral, Cytotoxicity, Extract, In ovo, Infectious bronchitis virus

herpes simplex, and respiratory syncytial virus in the last
two decades 2. One of the critical virus families among

Population in different regions can be negatively impacted
by various viruses, which can induce epidemics and
pandemics, deaths, and severe economic losses. Studies
conducted by the World Health Organization (WHO)
have stated that the population affected by viral pathogens
reaches 80%. Therefore, developing efficient treatments
against viruses is crucial to prevent these losses. In
addition to the current strategies against viruses, the
search for alternative approaches has gained momentum.
For this purpose, in vitro and in vivo studies have been
used to specify the potential of various natural plant
sources as therapeutic agents against different viruses .
Antiviral effects for plant-derived components have been
broadly evaluated on lots of viruses such as influenza,

these viruses is the Coronaviridae which has created major
socioeconomic problems and caused serious outbreaks
or pandemics worldwide Pl Severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) which belongs
to this family, has swiftly spread into the population
and has caused the COVID-19 pandemic ™. This
novel coronavirus, which causes numerous deaths and
diseases globally, has once again revealed the necessity of
vaccines and therapeutics studies. Despite significantly
increasing investment in the pharmaceutical field,
prophylactic treatments or existent antiviral approaches
for coronaviruses are currently limited. Herbal medicines
and naturally-purified molecules may guide new antiviral
drugs Pl Infectious Bronchitis virus (IBV), taking part

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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in the same virus family as SARS-CoV-2, is known for
its high contagion rate, especially among chickens. It
is a Gamma coronavirus in the Coronaviridae family ©!
and causes dangerous respiratory diseases by infecting
poultry through the respiratory system . Owing to weak
cross-protection of the vaccines among virus serotypes,
alternative approaches for effective antiviral agents have
become imperative to preventing IBV infection. The
research on new antiviral drugs gravitates toward natural
products because of resistance against current antiviral
agents .

In recent years, scientific curiosity has increasingly
concentrated on active compounds of plants responsible
for biological properties and therapeutic effects [
According to research, plant-derived compounds have
been used in medicine at a rate of 80% because of
active molecules such as alkaloids, glycosides, steroids
and tannins. They can exhibit potent bioactivities as
antimicrobial, antioxidant, antibacterial, antifungal, and
anti-inflammatory in a variety of living systems [*'°.
Furthermore, the cytotoxic and antiviral properties of
these plants provide opportunities for studies to discover
new therapeutic agents #). Many studies indicate that
phenol content of different herbs plays active role in
antiviral activity and affects different RNA viruses
generally by inhibition of nucleic acids, gene expression or
entry protein [''l. The cytotoxic effect and antiviral activity
studies performed by extracts obtained from Camellia
sinensis, Hypericum perforatum, Sambucus nigra and
molecules such as tangeretin, catechins, nobiletin have
also importance in the challenging against viruses.

The focus of this research is to investigate the selected
extracts and active ingredients for antiviral activity
against IBV. Thus, compounds having anti-IBV activity
against model virus system are planned to be pioneers in
developing new antiviral agents for SARS-CoV-2.

MATERIAL AND METHODS

Ethical Statement

This study was approved by the Ege University Animal
Experiments Local Ethics Committee (Approval no:
2020/051).

Plant Extracts

The plant extracts performing in this study were supplied
by NPRO Natural Products Company and prepared by
dissolving in Dimethyl sulfoxide (DMSO) to use in all
tests.

Cell Lines

Human prostate adenocarcinoma (PC-3), human colorectal
adenocarcinoma (Caco-2), human embryonic kidney

(HEK293), human cervix adenocarcinoma (HeLa), human
alveolar adenocarcinoma (A549), human pancreatic
carcinoma (PANC-1), human breast adenocarcinoma
(MDA-MB-231), human hepatocarcinoma (HepG2), and
a healthy human lung fibroblasts (CCD-34Lu) cells were
purchased from ATCC (Manassas, VA, USA) and used
for evaluating the cytotoxic activity of samples. The cell
lines were cultured at 37°C in a humidified atmosphere
containing 5% CO, in Dulbeccos Modified Eagle Medium/
Nutrient Mixture F-12 (DMEM/F12) supplemented with
10% fetal bovine serum (FBS), 400 pg/mL penicillin/
streptomycin mixture, and 1% L-glutamine (Gibco, NY,
USA).

Virus and Specific Pathogen-Free Embryonated
Chicken Eggs (SPF-ECEs)

The IBV D274 strain, present in our laboratory stock was
used for antiviral activity assay. Specific pathogen-free
embryonated chicken eggs (SPF-ECEs) that were procured
from Izmir Bornova Veterinary Control Institute, Tiirkiye
were used for the determination of antiviral potential.

In vitro Cytotoxicity Assay

Cytotoxicity of samples was identified by performing MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide] test, a common assay for evaluating cytotoxicity
of agents depending on the viability of cells "?. For the
MTT assay, the cell lines having initially 1x10* cells/well
concentration were cultivated in 96-well microplates
and overnight incubation was performed at 37°C in
a humidified atmosphere. Then, the samples at three
determined concentrations (0.5, 5, and 50 pg/mL) were
treated with the cells and incubated for a further 48 h. While
all samples except S. nigra were incubated in all selected cell
lines, S. nigra has been treated with 2 cells (CCD-34Lu and
HEK293). Following the incubation for 48 h, MTT solution
(diluted from 2.5 mg/mL stock) was added to the cells at
20 pL volume and incubated for 4 h. After the incubation
period, formazan crystals were dissolved by using DMSO
and the spectrophotometer (Thermo Fisher Scientific) was
used to measure the absorbance values at 570 nm. Percent
viability of treated cells was assessed by comparing control
cells. The half maximal inhibitory concentration (ICs)
values were determined by calculation on Prism 5 software
(GraphPad5, San Diego, CA, USA).

Preparation of Virus and Inoculation of SPF-ECEs in
ovo.

Antiviral activity of some plant extracts and molecules were
evaluated as virucidal effects against IBV in ovo model 3.
Reed and Muench method " was used to calculate the
Embryo Infective Dose 50% (EIDs,) by performing the
hemagglutination test specified in the WOAH protocol.
Based on Reed-Muench calculation, 100EID5,/0.1 mL
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virus stock was used in antiviral experiments . The
desired final concentration of molecules and extracts
diluting by phosphate buffer saline (PBS) was prepared
and mixed with the virus 1:1 ratio for 1 h incubation at
25°C. Randomly grouped (n=4) 9-11-day-old SPF-ECEs
were inoculated into the chorioallantoic membrane with
the 0.1 mL sample-virus mixture. Favipiravir used for
clinically antiviral agent was tested in control groups as
positive control at 10 mg/g amd 25 mg/g concentrations,
respectively. SPF-ECEs were incubated for 48 h and their
viability was checked daily. After the incubation period,
the SPF-ECEs were stored overnight at +4°C. Following
overnight storage, chorioallantoic fluid (CAF) of them
were collected to detect HA titer '],

Hemagglutination (HA) Assay

For the hemagglutination (HA) test, V-bottom 96-well
microplates were used according to the WOAH protocol "\
In the HA assay, 25 mL of PBS was put into all wells. Then,
25 mL of collected CAF was placed in the first column
of the microplate for each sample and diluted 2-fold to
the last column of the microplate. As a final step, 25 mL
chicken red blood cells (1% v/v)(RBC) were added all wells
to incubate them for 45 min at 25°C. After incubation,
button shape formation for wells was evaluated as HA
negative and agglutination was considered as HA positive.
The highest HA dilutions and percent viability of the eggs
were recorded [1%6],

Statistical Analysis

Statistical analysis of the results was calculated by one-
way ANOVA using SPSS (version 23, SPSS Inc., Chicago,

IL, USA). Mean and standard deviation (SD) values
are expressed and statistical significance (P<0.05) was
determined.

RESULTS
In vitro Cytotoxicity Assay

The cytotoxicity assay of samples on different cancerous
and noncancerous cell lines was realized. The effect of
samples on treated cells was first examined under the
microscope and statistically analyzed. According to the
MTT assay results the obtained ICs, values of samples was
given (Table 1). Among the samples, Abies spp. essential
oil, along with Laurus nobilis, H. perforatum, and gallic
acid had cytotoxic effects on the cells to which they
were applied (P<0.05). H. perforatum was performed
to evaluate the cytotoxic effect for different cancerous
and noncancerous cell lines and a remarkable cytotoxic
effect has been seen on PANC-1 (IC5,=6.69+1.32
mg/mL) (P<0.001) and HeLa (IC5=10.86£0.13 mg/mL)
(P<0.001), while both cell lines have approximate values
with doxorubicin (ICsy=5.52 mg/mL, IC5=9.04 mg/mL,
respectively). Also, the results demonstrated that L. nobilis
extract shows a significant impact on HeLa, PANC-1 and
HepG2 celllines (IC5y=11.71£0.12,7.54+1.20and 7.33+0.82
mg/mLrespectively)(P<0.001). Moreover, the PANC-1 cell
line has been observed as more active than doxorubicin
(IC5y=9.04 mg/mL) which chemotherapeutic agent. Abies
spp. essential oil against Caco-2 and HeLa cells cytotoxic
effect has been not demonstrated (P>0.05). The highest
dose of Abies spp. essential oil (0.5% v/v) was found to
have a percent viability of 50% in PC3, MDA-MB-231 and

Table 1. The IC_, values of C. sinensis, S. nigra, H. perforatum, E. purpurea, M. officinalis, oleuropein, L. nobilis, neohesperidin, nobiletin, gallic acid,
tangeretin, catechin hydrate, and doxorubicin ug/mL

Sample MDA-MB-231 A549 PANC-1 PC-3 CCD-34Lu HEK?293 HepG2 HeLa Caco-2
Camellia sinensis >50 >50 ND >50 21.65+6.18 >50 >50 >50 ND
Sambucus nigra ND >50

Echinacea purpurea >50 ND ND ND ND >50 >50 >50 ND
Melissa officinalis >50 ND ND >50 ND >50 ND >50 ND
z%:;zz 19.53+0.73 | 1878175 | 10.8620.13 | 14274150 | 13.58+1.17 | 2832108 | 45384550 | 6.69+132 | |*+76+1.98
Oleuropein ND ND ND ND ND ND ND ND ND
Laurus nobilis 40.09£0.40 16.14+2.14 | 7.54+1.20 | 31.56+6.85 | 19.82+2.28 | 27.95+3.23 | 7.33+0.82 11.71+0.12 | 46.08+5.21
Neohesperidin ND ND ND ND ND ND ND ND ND
Nobiletin ND >50 ND ND ND >50 ND ND ND
Gallic acid 42.21£2.6 36.91+£5.38 | 42.06+£6.93 | 38.8+1.65 25.70+1.2 25.70£1.2 40.19+2.6 20.40+0.34 24.14+2.8
Tangeretin ND ND ND ND ND >50 ND ND 47.36%6.1
Catechin hydrate ND ND ND ND ND ND ND ND >50
Doxorubicin 14.77 2.36 9.04 9.88 4.42 2.76 6.79 5.52 4.45
ND: non detected, -: not analyzed
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HEK?293 cells among other cells (P<0.01). Besides, it has
been found that high cytotoxicity was performed on CCD
34-Lu, PANC-1, A549, HepG2 cells (P<0.001). Although
C. sinensis and tangeretin demonstrated comparable
results, C. sinensis showed statistically more significant
results than tangeretin in HEK293 and HelLa cell lines
(P<0.01). In contrast, tangeretin was more effective than
C. sinensis in Caco-2 cell line (P<0.01). The other extracts
were not active at the highest dose (50 mg/mL) tested.

In ovo Antiviral Activity

The in ovo experiment was used to assess the antiviral
activity of the plant extracts against IBV ['° After 48 h
incubation of SPF-ECEs, the numbers of embryo deaths,
and percentage viability of eggs were recorded and mean
HA titers were calculated (Table 2). In addition, embryos
after 48 h incubation with sample-virus mixture were
evaluated. Deaths in SPF-ECEs were observed between
24-48 h in virus control and vehicle control groups. In

Table 2. Mortality and HA titers of SPF-ECES after 48 h incubation
Egg Mortality .
Sample Groups Concentration Mortality% | Mean HA Titer Mean HA Titer
(n=4) 24h | 48h | Total (log,-based)
Untreated control - - 0/4 0% 0 0
Virus control - 1 1/4 25% 2048 11
Vehicle control (5% DMSO) - 1 1/4 25% 2048 11
Favipiravir (antiviral agent) 10 mg/g = = 0/4 0% 52 9
5mg/g - - 0/4 0% 512 9
Camellia sinensis
10 mg/g - - 0/4 0% 512 9
0.1 mg/g 0/4 0% 256 8
Sambucus nigra
1 mg/g 1/4 25% 32 3
5 mg/g - - 0/4 0% 512 9
Echinacea purpurea
10 mg/g - - 0/4 0% 128 7
5 mg/g - 1 1/4 25% 1024 10
Melissa officinalis
10 mg/g - - 0/4 0% 512 9
0.1 mg/g = 0/4 0% 64 6
1 mg/g - 1 1/4 25% 0 0
Hypericum perforatum
5mg/g 0/4 0% 0 0
10 mg/g - - 0/4 0% 0 0
Abies spp. volatile oil 0.5% (v/v) - - 0/4 0% 512 9
5mg/g = 0/4 0% 512 9
Oleuropein
10 mg/g - 0/4 0% 64 6
5mg/g - 1 1/4 25% 256 8
Laurus nobilis
10 mg/g - 0/4 0% 128 7
5mg/g - 1 1/4 25% 512 9
Tangeretin
10 mg/g = 1 1/4 25% 128 7
5mg/g = = 0/4 0% 512 9
Cateshin hydrade
10 mg/g = = 0/4 0% 128 7
5 mg/g - - 0/4 0% 512 9
Neohesperidin
10 mg/g - - 0/4 0% 256 7
5mg/g = = 0/4 0% Si2 9
Gallic acid
10 mg/g = = 0/4 0% 128 8
5 mg/g - - 0/4 0% 512 9
Nobiletin
10 mg/g = = 0/4 0% 64 6
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HA titer (log2) scale

B Control Groups EEE 05% (vv) EEN Sug/g EEE 10uglg EED 25 uglg

Fig 1. HA titers of IBV-extract/molecule samples on SPF-ECEs (P<0.05,
P<0.01, P<0.001, P<0.0001)

B Control Groups
Bl 0.1ug/g
3 1uglg
= 5ug/g
B 10 ug/g
B 25uglg

HA titer (log2) scale

Fig 2. HA titers of IBV-H. perforatum, IBV-S. nigra samples on SPF-ECEs
(P<0.05, P<0.01, P<0.001, P<0.0001)

both groups, the HA titer was calculated as 2048. It was
determined that DMSO vehicle control did not affect
deaths and HA titer. In the untreated control group, no
deaths in SPF-ECEs were detected and HA titers were
negative. As a positive antiviral control, favipiravir which
can be used commercial antiviral agent, was examined at 10
and 25 mg/g concentrations. It was found that favipiravir
could decrease the HA titer compared to virus control.
Depending on the results obtained, log,-based HA titers
were determined 3-fold at 10 mg/g and 4-fold at 25 mg/g
lower than control. Between 24-48 h observation, 25%
embryo deaths were determined for the following groups;
S. nigra at 1 mg/g, H. perforatum at 1 mg/g, L. nobilis at 5
mg/g, Melissa officinalis at 5 mg/g, tangeretin at 5 mg/g and
10 mg/g. These deaths may be due to some manipulation
during inoculation or weak embryo development 7. All
samples except S. nigra were tested for antiviral activity at
concentrations of 5 mg/g and 10 mg/g. H. perforatum was
also tested at a concentration of 0.1 and 1 mg/g besides
5 mg/g and 10 mg/g. In ovo antiviral activity of S. nigra
with known antiviral activity was measured at 0.1 and 1
mg/g concentrations. The concentration of Abies spp.
essential oil was prepared as 0.5% by volume (v/v). The
average HA titers of all samples which were analyzed for 5

mg/g, and 10 mg/g were shown (Fig. 1). When all samples
were compared, the most potent antiviral activity results
were observed in S. nigra and H. perforatum. Therefore
the lower concentrations for the two extracts were
attempted (Fig. 2). The efficacy of all groups was evaluated
statistically compared to the virus control group. All
extracts were statistically significant (P<0.05) except M.
officinalis (at 5 mg/g). Compared to control groups, it
showed that samples at concentrations of 5 mg/g and 10
mg/g had the potential to significantly lower the HA titer
by 1 to 5 log, HA. Depending on the dose, the extracts
showed more effective antiviral activity at a concentration
of 10 mg/g. Oleuropein and nobiletin at 10 mg/g had also
the highest statistical significance (P<0.0001). Also, S.
nigra (P<0.01 at 0.1 mg/g) and H. perforatum (P<0.0001
at 0.1 mg/g) gave statistically significant results. Antiviral
activity was negative in H. perforatum at 1, 5 and 10 mg/g
concentrations. At 0.1 mg/g, it significantly reduced HA
activity with 5log, HA. In the S. nigra sample, the antiviral
activity value was found between 0.1 mg/g and 1 mg/g.
HA activity decreased by 6 log, HA at 1 mg/g, while at 0.1
mg/g, HA activity decreased by 3 log, HA. This allowed the
focus on the potential antiviral activity of both samples.

Di1sCcUSSION

In our study, it has been demonstrated the cytotoxic
effects and antiviral activity of medicinal plants and active
ingredients. L. nobilis was one of these samples and its fruit
and leaves have been used in traditional Turkish medicine
as antimicrobial, antiseptic, antivenom, diuretic agent
and stomach-ached curative !'¥). It was reported in studies
that aqueous extract obtained from leaves of L. nobilis has
cytotoxic effects without genotoxicity . According to
Oliveira et al.”", although there is no relationship between
cytotoxicity and genotoxic effect, changes in genetic
material may occur indirectly. Research findings indicate
that costunolide, zaluzanin D, and sesquiterpenes obtained
from L. nobilis, exhibit potentially inhibitory effects by
preventing the growth of human promyelocytic leukemia
(HL-60) cells . Compared with other results, the higher
cytotoxicity results on PANC-1, HeLa, and HepG2 cells
were obtained for L. nobilis in our study. Gallic acid which
is one of the plant phenols, exhibits selective cytotoxicity
to tumor cells compared with a normal cell. In a study
performed on HL-60RG cells, it was indicated that gallic
acid has the potency to induce apoptosis by way of reactive
oxygen forms 2. This study also evaluated that gallic acid
reduced cell viability by 20-50% on different cancerous and
non-cancerous cell lines. In parallel with the studies in the
literature, obtained results in this experiment emphasize
that a certain dose has a high cytotoxic effect on the cell.
Spectrometric indications have proven that the activity of
H. perforatum extracts results from phloroglucinols which
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include hyperforin, and zaphthodianthrones which involve
hypericin . Hypericin as a potent natural photosensitizer
and hyperforin as an inhibitor of the drug-metabolizing
enzyme in liver, activate the biological system strongly .
H. perforatum also involves various active components
such as avicularin, rutin, quercetin and derivatives to
act as ROS scavengers . It has been shown in another
study that hyperoside which is another flavanol of H.
perforatum, not only prevents of PC12 cells propagation,
but also promotes the healthy cell growth ¢,

Herbal medicines have been historically preferred for
therapy against various viral diseases. These phyto-
chemicals are considered to be crucial antiviral compounds
for treatment opposed many important viruses. The
potential usage of many extracts and bioactive molecules
as antiviral agents against the SARS-CoV-2 pandemic is
being investigated 7. As viral infections have become
increasingly important, the trend towards antiviral drugs
has also accelerated. Assessing the antiviral activity of
different plant species or bioactive compounds isolated
from them suggests potential therapies . In addition
to studies evaluating the in vitro and in vivo antiviral
potential of different plant species, in ovo antiviral activity
experiments are an effcient method that offers three-
dimensional study and provides advantages in ethical
issues 3. In our study, the anti-IBV virucidal activities
of the samples were determined as in ovo. Compared
with previous studies, the antiviral activity of L. nobilis,
oleuropein and nobiletin compounds exhibit similar
results. Serkedjieva et al.”® evaluated both S. nigra and H.
perforatum extracts in vitro and in vivo, and reported that
the strongest antiviral activity was observed against herpes
simplex and influenza A viruses. They stated that the
antiviral activity is due to the flavonoid, triterpene, tannin
and polysaccharide content, although the mechanism
of action is not precise. Chen et al.”, showed in their
study that the S. nigra extracts inhibit viral replication
and demonstrated the effect of these extracts on avian
IBV replication. Treatment of S. nigra extracts with the
virus before infection to a great extent inhibited the virus
at early stage in the infection. In another study, Chen et
al.;% confirmed that ethyl acetate extraction (HPE) of H.
perforatum exhibited an antiviral effect on IBV. In chicken
embryo kidney (CEK) cells, this extract was significantly
reduced virus titer by inhibiting mRNA expression.

In our study, S. nigra reduced the HA titer by 3-5 log, HA
between concentrations of 0.1-1 mg/g in parallel with the
literature, and for the chloroform phase of ethyl alcohol
extraction of H. perforatum, the antiviral activity was
found to decrease by 5 log, HA at 0.1 mg/g. It is thought
that the significant antiviral activity of both extracts
was due to flavonoid, triterpene, saponin or phenolic
acid compounds and exhibits activity by inhibiting

viral replication. Phenolic compounds and oleic acids
from olives play an effective role in biological activities.
Furthermore, oleuropein in olives may serve as an
antiviral agent against various viruses through inhibition
of replication and entry protein %2l In this study,
when the results of cytotoxicity and antiviral activity are
compared together, it is suggested that oleuropein can be
used as a potential antiviral agent against coronaviruses
by promoting cell proliferation in healthy cell lines (CCD-
34Lu). It has been stated that nobiletin, the most abundant
compound in Citrus spp., has potential effects against
influenza, hepatitis B and C, human respiratory syncytial,
vesicular stomatitis viruses. Antiviral effect against SARS-
CoV-2 with protein inhibition is also predicted ?”.. This
study showed that the nobiletin molecule, which gives
promising effects in ovo, can be assessed as a potential
antiviral agent against IBV. Rosmarinic acid (RA) and its
derivatives such as sulfated or hexoside form of rosmarinic
acid were identified as the primary bioactive phenolic
compound in M. officinalis **1. Lelesius et al.!®! observed
in vitro virucidal antiviral potential in M. officinalis in
their experiment. Otherwise, in this study, M. officinalis
showed low antiviral potency by decreasing HA titer to
2 log, HA. This indicated that the samples could exhibit
different potential antiviral activity between in ovo and
in vitro. This result is thought to be possible due to the
inhibition mechanism targeting the entry and envelope
proteins ¥l A computational analysis conducted in a study
has revealed the potential of both hesperidin, a flavonoid,
and rosmarinic acid, derived from plant extracts, to
inhibit SARS-CoV-2 B4, Moreover, Al-Hatamleh et al.
have demonstrated that hesperidin is the only natural
compound capable of attaching to the receptor binding
domain of the S protein, thereby neutralizing the binding
between ACE2 receptor and spike-RBD %),

In conclusion, studies have proven that traditional
medicinal plant extracts and molecules display antiviral
activities against numerous viruses. The antiviral activity
against IBV and the cytotoxic effect on cancerous cell lines
were analyzed for plant extracts and active ingredients in
this study. Comparing cytotoxicity and antiviral results, it
is shown that L. nobilis and H. perforatum have a dominant
role in both analyses. Also, it is noteworthy that nobiletin
and S. nigra do not exhibit cytotoxic activity on any cell
but play a role in antiviral activity.
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INTRODUCTION

Abstract

Circadian rhythm disturbances caused by anaesthesia may be one of the important
reasons of many disturbances following surgery. The effects of 6% desflurane on
suprachiasmatic nucleus (SCN), liver, and pancreas PER2, CRY1, BMAL, and CLOCK
circadian protein levels and serum concentrations of glucose, melatonin, cortisol 24 h
following the administration of anaesthesia were determined in this study. 10-12-week-
old Wistar albino male rats (n=12) were divided into two groups. Control group (C)
was not exposed to desflurane, while the anaesthesia group (D) received desflurane at
6% concentration for 6 h between 07.00 and 13.00 a.m. and was euthanized 24 h after
anaesthesia. Tissue samples were collected from both groups at the same time of the
day (07.00 a.m.). Serum glucose, melatonin, cortisol and SCN, liver, pancreas CLOCK,
BMALL, PER2, CRY1 levels were determined using commercial kits. CLOCK and PER2
protein levels in SCN and BMALI protein concentration in liver decreased, while liver
PER2 protein level increased at the 24™ h following anaesthesia. Pancreas BMALI,
CLOCK, PER2, CRY1 protein levels were not affected by the anaesthesia protocol
applied. No statistically significant alteration was observed in plasma glucose, cortisol
and melatonin concentrations. Our findings show that, the circadian clock rhythm in
SCN and liver are still affected at the 24" h following exposure to desflurane.

Keywords: Circadian rhythm, Clock proteins, Desflurane, Liver, SCN

to promote the transcription of Per2 and Cryl, PER2 and
CRY1 proteins inhibit BMALI:CLOCK transcriptional

Determining how anaesthesia affects the circadian rhythm
is not only of scientific interest but also of potential clinical
importance. Patients often experience sleep disturbances
after surgery. Disruption of circadian rhythm and related
sleep disorders cause adverse effects on inflammation and
immune function, as well as altered mood, behaviour and
cognitive dysfunction ['*l. For these reasons, it is clinically
important to elucidate the mechanism of postoperative
circadian rhythm disorders.

Twenty-four h physiological processes are controlled by
the circadian rhythm through a transcriptional feedback
loop of clock genes and proteins #°. The circadian clock
is made up of four basic components at the molecular
level. In mammals, these are the genes brain and muscle
ARNT-like 1 (Bmall), circadian locomotor exit hood
(Clock), Period 2 (Per2), and Cryptochrome 1 (Cryl) .
While CLOCK and BMAL proteins were demonstrated

activity, thus limit their own transcription *°!. The protein-
mediated disruptions in the circadian rhythm caused by
anaesthesia may hinder post-operative recovery %,

Neurons associated with molecular clocks are located in
the ventral region of the suprachiasmatic nucleus (SCN).
When photoreceptors of the eye detect light, NMDA
receptors in SCN are activated by the retinohypothalamic
pathway, resulting in transcription of Per2 ®'1. While the
“master” of the circadian rhythm is the SCN, peripheral
clocks in organs govern processes specific to that tissue
in a particular tissue or cell type 2. For example, the liver
circadian clock regulates fasting glycaemic control and
glucose clearance, while the pancreatic circadian clock
regulates insulin secretion and glucose homeostasis "*.

Sevoflurane, isoflurane and desflurane are the most
commonly used inhalation anaesthetics in clinical practice.

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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Circadian rhythm is affected after general anaesthesia with
sevoflurane and isoflurane 4. However, there is still a lack
of information in the literature regarding the effects of
desflurane anaesthesia on the circadian clock. Desflurane,
one of the third generation inhaled anaesthetic drugs, is
frequently preferred in clinical use for providing safe and
effective anaesthesia ") . Desflurane has a significantly
lower blood solubility compared to other inhaler agents [\,
With low tissue solubility, there is an acceleration of
induction and elimination and more precise control
of alveolar desflurane concentration in anaesthesia
maintenance. These properties contribute to the rapid
onset of desflurane anaesthesia. Anaesthesiologists
administer desflurane as a general anaesthetic to wake
patients quickly after surgery. Based on these properties,
desflurane may have a different effect on the circadian
rhythm compared to other inhaled anaesthetics !
Human studies have suggested that there may be two
separate toxic problems during the metabolism of
desflurane. The first one is high current renal failure as a
result of biotransformation to free fluoride ion; the second
is that it can bind to hepatic tissue macromolecules and
cause hepatotoxicity. Desflurane may also induce hepatic
microsomal enzymes [,

Melatonin has important physiological functions such as
regulation of the circadian rhythm and the reproductive
axis 7. Melatonin secretion is controlled by the SCN,
which regulates the day/night cycle. The administration of
anaesthesia regardless of surgery may affect the circadian
rhythm of melatonin "*l. Another hormone affected by
anaesthesia is the cortisol. When melatonin receptors in
the adrenal gland are stimulated with physiological doses,
ACTH-mediated cortisol formation is suppressed .

The balance between these two hormones is important for
health.

In the light of above information, we aimed to investigate
SCN, liver and pancreas PER2, CRY1, BMAL and CLOCK
protein levels and serum concentrations of glucose,
melatonin, cortisol 24 h following the administration
of 6% desflurane in 6 L min-1 100% oxygen to rats for
6 h. It is anticipated that the results of the current study
may provide important information about how long the
effects of desflurane, a widely used anaesthetic in the
clinic, on the circadian rhythm and hormonal balance
may last.

MATERIAL AND METHODS

Ethical Approval

All experimental procedures were conducted in accordance
with institutional animal care guidelines of Pamukkale
University and approved by the local Animal Experiments
Ethics Committee (PAUHADYEK-2021/33, 24.08.2021-07).

Animals

200-250 g, 10-12-week-old Wistar albino male rats (n=12,
Pamukkale University Experimental Animal Unit) were
used. The animals were housed in a temperature and
humidity controlled (22-23°C, 50+5%) room under a
12 h light-dark cycle. Standard diet food and water were
available ad libitum.

Study Design and Anaesthesia Protocol

Rats were divided into two groups (n=6 per group). For
adaptation, the animals were placed in the anaesthetic
chamber approximately 1 h, for 4 days before beginning
the experiments. Control group (C) was not exposed to
desflurane but was placed in the anaesthetic chamber,
then transferred back to the cages and was euthanized at
07.00 a.m. The anaesthesia exposure group (D) received
desflurane at 6% concentrationin 6 L min-1% 100% oxygen
for 6 h in a transparent anaesthesia box between 07.00-
13.00 a.m. and was euthanized 24 h after anaesthesia at
07.00 a.m. Tissue samples were collected from both groups
at the same time of the day (07.00 a.m.) in order to avoid
the original circadian variation in clock gene expressions.
After anaesthesia, the fresh gas flow was decreased to 1
L/min, then rats were transferred to their cages and kept
at normal conditions (bright in daytime, dark at night)
of the experimental animals unit of the university. In
order to maintain their normal body temperature, the
chambers housing the mice were placed on a heat sheet.
The anaesthesia procedures were performed under dark
conditions, and under a dim red light that did not affect
the circadian rhythm.

Blood Sample and SCN, Liver and Pancreas Collection

After the experiment, rats were euthanized with an
overdose of sodium pentobarbital. SCN, liver and pancreas
samples were collected without anaesthesia (C group) and
24 h after exposure to desflurane (D group). The blood
samples obtained from the tail vein of all rats at 07.00 a.m.
were centrifuged on the same day (1100xg, 20 min). SCN,
liver and pancreas tissues were minced and homogenized
in PBS (tissue weight (g): PBS (mL) volume=1:9) using
a glass homogenizer on ice. The homogenates were then
centrifuged for 5 min at 5000xg to get the supernatant.
Serum, SCN, liver and pancreas samples were stored at
-80°C until experimental analysis.

Determining Glucose, Melatonin, Cortisol, CLOCK,
BMALL, PER2 and CRY]1 Levels

Serum glucose (Cat.No E1623Ra, BT Lab), melatonin
(Cat.No E0601Ra, BT Lab), cortisol (Cat.No E0828Ra, BT
Lab) and SCN, liver, pancreas CLOCK (Cat.No E2920Ra,
BT Lab), BMALI (Cat.No E2919Ra, BT Lab), PER2 (Cat.
No E2917Ra, BT Lab), CRY1 (Cat.No E2918Ra, BT Lab),
levels were determined using commercial ELISA Kkits.
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Fig. 1. Serum glucose (A), cortisol (B) and melatonin (C) levels of the
groups. C: Control, D: Desfluran group. Values are expressed as mean +
SD. :P<0.05, difference from C
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Fig. 2. SCN BMALI (A), CLOCK (B), PER2 (C), CRY1 (D) protein levels
of groups. C: Control, D: Desfluran group, SCN: Suprachiasmatic nucleus,
BMALI: brain and muscle ARNT-like 1, CLOCK: Circadian Locomoter
Output Cycles Protein Kaput, PER2: PERIOD-2, CRY1: Cryptochrome-1.
Values are expressed as mean + SD. :P<0.05, difference from C
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Fig. 3. Liver BMALLI (A), CLOCK (B), PER2 (C), CRY1 (D) protein levels
of groups. C: Control, D: Desfluran group, BMALI: brain and muscle
ARNT-like 1, CLOCK: Circadian Locomoter Output Cycles Protein
Kaput, PER2: PERIOD-2, CRY1: Cryptochrome-1. Values are expressed as
mean + SD. :P<0.05, difference from C

Statistical Analysis

As a result of the power analysis we performed, assuming
that we could obtain a lower power, it was calculated
that a power of 80% at a confidence level of 95% could
be obtained if at least 12 rats (at least 6 rats for each
group) were included in the study and the effect size
was d=0.69. All calculations and power analysis were
performed by the G-power program (version 3.1.9.2.
Heinrich-Heine-Universitat. Duesseldorf. Germany). All
statistical analyses were performed using SPSS 25.0
(IBM SPSS Statistics 25 software (Armonk, NY: IBM
Corp.). Continuous variables were defined by the mean
+ standard deviation. Shapiro Wilk tests were used for
determination of normal distribution. For nonparametric
test assumptions were provided, Kruskal Wallis Variance
Analysis (post hoc: Mann Whitney U test with Bonferroni
Correction) were used when parametric test assumptions

B Kidney
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Fig. 4. Pancreas BMALLI (A), CLOCK (B), PER2 (C), CRY1 (D) protein
levels of groups. C: Control, D: Desfluran group, BMALI: brain and
muscle ARNT-like 1, CLOCK: Circadian Locomoter Output Cycles
Protein Kaput, PER2: PERIOD-2, CRY1: Cryptochrome-1. Values are
expressed as mean + SD

were not provided. The level of statistical significance was
set at P<0.05.

RESULTS

Fig. 1 demonstrates that serum glucose, cortisol and
melatonin levels were not altered significantly by
the desflurane applied herein. Anaesthesia induced
statistically significant decrements in SCN CLOCK, PER
(Fig. 2) and liver BMALLI protein levels, whereas it caused
increment in liver PER protein concentration (Fig. 3) 24
h after the application compared to control (P<0.05). On
the other hand, no statistically significant alteration was
determined in pancreas BMALI, CLOCK, PER2, CRY1
protein levels following desflurane anaesthesia (Fig. 4).

Di1sCcuUsSION

Desflurane is one of the most commonly used modern
inhaled anaesthetic agents .. It provides safer and effective
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anaesthesia in clinical use. Since uptake, distribution and
elimination of desflurane are faster than similar drugs,
it allows rapid changes in the depth of anaesthesia. Its
solubility in blood and tissue is lower than the other
halogenated anaesthetics 1*!. We have administered
desflurane at a concentration of 6% in accordance with
the dose commonly used in surgeries at our hospital.
Desflurane has the least in vivo metabolism among inhaled
halogenated anaesthetics. However, all halogenated
inhaled anaesthetics such as sevoflurane, desflurane and
isoflurane may cause metabolic hepatocellular damage.
Very serious but few cases of post-anaesthesia hepatic and
renal injury have been reported ?!!. In the present study,
the protein levels which play role in the circadian rhythm
(BMALIL, CLOCK, PER2, CRY1) at 07.00 a.m. in the non-
anaesthetized group were compared with the same protein
levels at 07.00 a.m., 24 h after 6% desflurane anaesthesia.
Our results demonstrated that CLOCK and PER?2 protein
levels in SCN as well as BMALLI protein concentration in
liver decreased, while liver PER2 protein level increased
at the 24" h following anaesthesia compared to control
group. Pancreas BMAL1, CLOCK, PER2, CRY1 protein
levels were not affected by the anaesthesia protocol
applied. Similarly, no statistically significant alteration
was observed in plasma glucose, cortisol and melatonin
concentrations 24 h after desflurane anaesthesia.

The relationship between melatonin and cortisol is
especially important in terms of the effects of both
hormones on the immune system. General anaesthesia
is a sleep-wake state thought to alter circadian rhythms.
Different studies have shown conflicting effects of surgery
and anaesthesia on melatonin levels which is controlled
by the SCN %22 Ozer et al.”®! demonstrated that, 5.7%
desflurane administration for six hours during the day and
at night does not alter plasma melatonin levels in blood
samples collected immediately after anaesthesia in 15 day
old rats. Here, we have demonstrated for the first time that,
plasma melatonin levels were not changed 24 h after 6%
desflurane inhalation. The fact that samples were collected
from both groups at the same time of the day (07.00
a.m.) in order to avoid the original circadian variation
may have played role in these results. Unfortunately, we
could not determine possible time-dependent alterations
in melatonin, cortisol and glucose levels in response
to desflurane in the current study. Changes in these
parameters might have occurred during the 24-hour
period, but these alterations might have disappeared
when we sampled blood at the 24™ hour. Supporting this
suggestion, in humans, following 1.5 h of anaesthesia, the
elevated cortisol level was reduced to baseline after 24 h 4.
Unchanged plasma cortisol and glucose levels 24 h after
exposure to desflurane in healthy rats without any surgical
procedure may indicate that, the stress level of our rats

was low. Similar to our results, Dikmen et al.?*) stated that,
both desflurane and sevoflurane can be used safely during
acute hyperglycemic state, because of their non-increasing
blood glucose influences.

The presence of common clock and entrainment mechanisms
for nocturnal and diurnal species was asserted ?°.. The
circadian rhythm involves the central clock in the SCN
and peripheral clocks in other tissues which regulate local
tissue-specific physiological functions ). Light entrains
the SCN through retinohypothalamic pathway; whereas
other stimuli as nutrition, temperature, stress reset the
peripheral clocks, and entrainment depends on the
timing of stimulation ?*. The core clock system, which
co-ordinates the activity of peripheral clocks is made up
of a feedback loop whereby BMAL1 and CLOCK induce
the expression of Per2 and Cryl genes. Later, the PER-
CRY heterodimer is known to repress the transcription of
Clock and Bmall with negative feedback mechanism ).
An additional loop consists the ROR and Rev-Erb factors,
also regulated by BMAL1-CLOCK complex .

Volatile anaesthetics exert their specific actions at the
molecular level, with proteins rather than lipids ! Imai
et al.’) demonstrated that, 4% desflurane applied for 6 h
induces a phase shift in the circadian rhythm being largest
in ZT6-12. Bmal and Cryl expressions were elevated,
whereas Clock expression was decreased in ZT12 in SCN.
Per2 expression was also increased from ZT2 to ZT8
and decreased later on. These authors collected their last
SCN sample at ZT20 following anaesthesia and examined
expressions of circadian rhythm genes. The reflection of
gene expression alterations on protein levels may take
several hours . The innovation our data brings to the
literature is that, CLOCK protein level still remains lower
in SCN at the 24" h following 6% desflurane anaesthesia
in rats. Additionally in line with the results of the above
mentioned study, PER2 protein is also decreased in
SCN at that time thereby causing a phase shift in the
circadian rhythm of mice. This issue should be taken into
consideration while using desflurane anaesthesia.

Most tissues of the body exhibit circadian oscillations
through mechanisms involving both core clock genes
common to all and numerous other tissue-specific genes
that cooperate with each other and many circadian
epigenetic modifiers are known to function in a tissue-
specific manner . We also investigated the effects of
6% desflurane on liver and pancreas circadian clock
proteins and have shown for the first time that, while
desflurane did not affect pancreas levels of these proteins,
liver BMALLI protein is supressed and PER2 is elevated
24 h after anaesthesia. This finding should be kept in
mind when dealing with patients with insulin resistance
since it was demonstrated that liver-specific deletion
of BMALI1 is known to result in a blunted sensitivity
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to insulin . DNA microarray study revealed that,
approximately 10% of the sampled liver genome is under
circadian control . The regulated genes include the ones
encoding cytoskeletal elements and enzymes involved in
carbohydrate metabolism emphasizing the importance
of liver circadian rhythm on feeding and digestion.
Moreover it was demonstrated that, in the case of mPer2
and mBmall, the anti-phasic relationship observed in the
SCN is retained in the liver, with a slightly delayed timing
for both clusters 2. Our resuts lead to the interpretation
that following desflurane exposure, elevated liver PER2
protein levels may have caused inhibition of BMALI by
negative feedback mechanism.

Halogenated ethers may have hepatic and renal side
effects via transformation to toxic metabolites 1**.. Rare
instances of acute liver injury have been reported with
all halogenated agents. Cytochrome P450 CYP2EI seems
to be the specific P450 isoform largely responsible for
the defluorination of isoflurane. Although desflurane
metabolism is approximately 10% of isoflurane, it is
suggested that desflurane may also undergo metabolism by
a route similar to that of isoflurane **l. However, we have
observed that liver CRY1 protein levels were not altered at
24" h following desflurane exposure. When all circadian
protein findings of the current study are evaluated
together, it appears that 6% desflurane administration
affects the levels of these proteins not only in the SCN but
also in the liver for at least 24 h.

The present study may be considered as a preliminary
one giving clues about the prevention and treatment of
postoperative complications related to circadian rhythms
following desflurane inhalation. Our results demonstrate
that, the circadian clock rhythm is affected in SCN and
liver for at least 24 h following desflurane anaesthesia.
Examination of the effects of desflurane only at the 24™ h,
the fact that the intraday influences and later effects were
not studied constitute the most important limitations
of this study. Another limitation is that although the
chambers housing the mice were placed on a heat sheet
in order to maintain their normal body temperature, the
body temperatures of the rats were not notified during
the experimental procedure. When the influences of
desflurane on circadian protein levels disappears and
the time-dependent effects of this anaesthetic on other
peripheral clocks as well as the mechanisms of these
influences have not been clarified yet. Investigation of the
circadian clock genes/proteins in response to desflurane
anaesthesia in a variety of clinical situations is also
necessary in order to clarify whether desflurane offers
significant advantages over the other anaesthetic drugs.
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Abstract

This study focused on the use of an important micronutrient, vitamin D3 for control of
pest insects as environmentally sound alternative management. Vitamin D3 which is a
lipophilic vitamin at nutritionally reguired doses not only have important physiological
roles but also has a toxic effect at high dietary concentrations. The first instar larvae of
Drosophila melanogaster (Meigen) (Diptera: Drosophilidae), which is an important pest
model organism were reared on artificial diet containing vitamin D3 concentrations of
5.0, 20, 80, 320, 1280 and 2560 mg/L to adult stage in laboratory condition. The effects
of this vitamin on developmental stages of the insects were microscopically observed.
Morphometric changes depending on increased vitamin D3 concentrations in the
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developmental stages from larvae to adults were recorded by microscobic and personal
observations. Vitamin D3 at increasing concentrations (especially 80-2560 mg/L) in
larval diet increased melanization in abdominal region of the insect. This study refers
vitamin D3 can play a fortifying role in development as a nutritional additive at low
concentrations, or can be used as an insecticide at high concentrations due to its possible

toxic effect.
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Vitamin D3

INTRODUCTION

Vitamin D is the general termination for a group of
nutritional substance ensuring in balanced bone and blood
calcium levels and immunmodulation function in human
and animals. Vitamin D3 is the main dietary resource for
vitamin D. A large amount of vitamin D (estimated around
80% but varies with sun exposure) is biosynthesized in
the skin from 7-dehydrocholecalciferol as the function
of ultraviolet B (UVB) rays. While 25-hydroxy chole-
calciferol (25(OH)D) and 1, 25-dihydroxycholecalciferol
(1,25(OH)2D) are source of vitamin D from diet,
1,25-dihydroxycholecalciferol (1,25(0OH)2D), the most
hormonally active form of vitamin D . However, besides
the innate immune system, it has autocrine and paracrine
roles in cell propagation, differentiation, and programmed
cell death 4,

Keywords: Developmental stages, Drosophila melanogaster, Microscopic observation,

There is no direct relationship between the immune
system of insects and vitamin D, because it is still
unknown whether insects can synthesize vitamin D3
de novo or activate it from precursor molecules with
UV-B. Oonincx et al.’); showed that when four insects
which has different in ecology, migratory grasshopper,
Locusta migratoria (L.), house cricket Acheta domesticus
(L.), yellow mealworm, Tenebrio molitor and the black
soldier fly (BSFL) Hermetia illucens (L.) were exposed
to a low-irradiation UV-B source, vitamin D3 levels in
house crickets, vitamin D2 levels in BSFL, and vitamin
D2 and vitamin D3 in T. molitor were increased. Higher
UV-B irradiation increased vitamin D3 concentrations in
all insects except H. illucens. An increase in vitamin D2
was observed in both H. illucens and L. migratoria. Bah-
Nelson et al.l] found that the unirradiated Black field

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)



https://orcid.org/0000-0003-3708-9961
https://orcid.org/0000-0002-6959-8480
https://orcid.org/0000-0002-4026-1358
https://orcid.org/0000-0002-2400-3412
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://vetdergikafkas.org
http://vetdergikafkas.org
http://vetdergikafkas.org

186

Observations on Fruit Fly Drosophila melanogaster

Kafkas Univ Vet Fak Derg

locust Gryllus bimaculatus did not have detectable vitamin
D3 content (below 0.50 IU/g) and irradiation with UV-B
light did not enhance its synthesis, or at least the levels
were still undetectable. These studies showed that some
insects can synthesize vitamin D de novo and the amounts
are dependent on UV-B irradiation and exposure time.

Although its exact physiological role is not known
in various insect species where vitamin D has been
detected, concentrations varied greatly between species.
For example, vitamin D1 was low during larval to pupal
transformation (Slama’s sterol reuse theory, 1998) and
highest in the pupa ensuring advanced metamorphosis
which is responsible for the development of digestive and
muscular systems in Galleria mellonella adult. It has been
revealed that vitamin D1 in Manduca sexta has a role in
tissue regeneration after epidermis injury 7.

Drosophila melanogaster (Meigen) (Diptera: Drosophilidae)
is a major pest for different fruit crops in agricultural
area and has developed resistance to insecticide ®.
Therefore, the use of any nutritional micronutrient
such as vitamin D or its metabolites can serve as an
alternate strategy for D. melanogaster management. It
has been shown that nutritional vitamin perception is an
important determinant of nutritional behavior and plays
an important role in development in D. melanogaster ¥\
There are most important advantages for this insect
as model in investigations such as ahving short life
cycle, high reproduction capacity and low laboratory
culturing costs. Since the fruit fly has similar biological,
biochemical, physiological and neurological traits with
mammals, this insect is used as an alternative model
animal for vertebrates '*'!l, Using this insect as a model,
the preventive effect of vitamin D3 on the mutagenicity
and carcinogenicity of some chemicals in D. melanogaster
was studied . Vitamin D3 alone did not increase the
overall tumor incidence, but significantly reduced the
overall tumor incidence when co-administered with a
tumor stimulator, doxorubicin (DXR), in its somatic cells
in this insect. There are no studies on the other hand,
most of the studies investigated the effects of vitamin
A (retinol) and E (a-tocopherol), which are fat-soluble
vitamins added to food in low amounts, and water-
soluble vitamin C (ascorbic acid) on the longevity of D.
melanosgaster in relation to its antioxidant properties
under oxidative stress conditions . In this study, it
has been shown that the intensity of red color in the
abdomen increased due to the increase in food intake
as a result of feeding the adults with a special dye (0.2%
sulforhodamine) added to the foods to which the vitamins
were added 3. For nutrional requirements, 0.00067
g vitamin D3 (500.000 IU/g) was added to the liter of
the food to meet the vitamin D requirement for certain
foods . In some other pest insects, Amiri et al.'¥, showed

a decrease in the consumption rate of Plutella xylostella
to destruxin, fungal toxin showing antifeedant effects in
a dose related manner. Increased mortality of P. xylostella
larvae with increasing concentrations of destruxin A was
also reported !¢l In the light of these studies, some of
vitamin D metabolites or other micronutrients especially
at high concentrations have been demonstrated to have
had some deteriorating effects on the insects including
D. melanogaster. Nevertheless, appearently no researcher
has measured or even observed effects of vitamin D3 or
other vitamin D metabolites on size or morphological
changes in any parts of insects. However, vitamin D3 was
registered by the American Environmental Protection
Agency in 1984 as a 0.075% nutrient mixture (rodenticide)
in and around closed areas, in transport vehicles, against
rodents such as rats and mice, by surface or hand
application 7],

Melanization is part of the immune defense response
after infection or injury in insects and some vertebrates.
In this process, melanin pigment is produced and helps
neutralize foreign matter or pathogens in the infected
or injured area !"*.. The prophenoloxidase enzyme in the
hemolymph and other tissues is activated in response to
the presence of foreign matter or pathogens, and melanin
pigment is formed !". Melanization in mammals is not
as in insects, but similar immune response mechanisms
are used.

This study aimed to investigate the effect of dietary vitamin
D3 on developmental morphology of D. melanogaster.
This study is important because it can play a role as a
nutritional additive at low concentrations, and it will give
an idea whether it can be used as an insecticide at high
concentrations due to its toxic effect.

MATERIAL AND METHODS

Ethical Statement

Insect studies do not require ethics committee approval.
Insect Culture

D. melanogaster (Diptera: Drosophilidae) (Oregon R
strain) were aseptically reared in 250-mL glass container
containing artificial diet in an ES 500 incubator (Niive,
Ankara, Tiirkiye) at 25+2°C and 60-70% relative humidity
(RH) in a 12:12 hour light/dark photoperiod. First instar
larvae were selected by removing from the main culture
for use in the experiments described here.

The artificial diet used for rearing of the insects and for
preparation of treatments was described by Roberts 2.
Briefly, per 1000 mL total volume; diet contained 8 g agar
(Merck & Co., New York, USA), 20 g sucrose (Carlo Erba
Reagents S.A.S, Sabadell, Barcelona, Spain), 11.78 g dry
yeast (Dr. Oetker Food Industry and Trade, Inc., Torbali-
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[zmir, Tiirkiye), 36 g of potato puree (Knorr, Unilever
Co., Umraniye, Istanbul, Tiirkiye), 0.8 g L-ascorbic
acid (Carlo Erba Reagents S.A.S), 7.72 mL of nipagin
(p-hydroxybenzoic acid methyl ester, crystal (Sigma-
Aldrich Co., St. Louis, MO, USA) prepared in 3.5% ethanol
and 1000 mL of water. The preparation methods of the
diet and pouring diets into bottles, and to obtain eggs
and larvae and their placement onto diets were described
previously by Aslan et al.?!l.

Vitamin D3 (C9756; >98%; C,,H,,O; Cholecalciferol,
Activated 7-dehydrocholesterol, Calciol, Sigma-Aldrich
(St. Louis, MO, USA) was added to diets by dissolving
in Tween 80 (1% tween 80 in 3% etanol) establish
concentrations of 5, 20, 80, 320, 1280 and 2560 mg/L. The
control was the diet without vitamin D3 added. Tween
80 control (1% tween 80 in 3% etanol) was also used as
solvent control. These vitamin D3 concentrations were
calculated depending on to the research with preliminary
experiments on D. melanogaster or the effect of other
nutritional additives on D. melanogaster 2?2,

Feeding Experiments

D. melanogaster larvae to be used in the study were
obtained from eggs laid by adults placed in glass bottles
under condition for maintaining stock culture. The 1*
instar larvae hatched in the food from the stock colonies
were selected under a stereo microscope. 20 first instar
larvae were transferred into 5 mL of diet poured into
small 15-mL glass bottles and bottles were covered with
hydrophilic cotton. Twenty larvae were transfered on
control diet and diets containin vitamin D3 by using a
soft-tipped brush (No: 0, Goya Toray). Bottles were kept
in incubators maintained at condition used for stock
insect cultivation (25+2°C and 60-70% RH on a 12:12 h
light/dark photoperiod). We noted that 3*-instar larvae
migrated from the diet to the inside surface of the glass
container where they pupated. Newly-formed pupae were
marked on the inside surface of the glass and recorded.
Survivors to the third instar, pupal stage, and adult
stage were photographed (Olympus SZ61, SZ2-LGB) in
each rearing bottle to determine the effects of vitamin
D3 added into diet at tested concentrations on each
developmental stage of the insects. Photographs scale
bars were added with the LCmicro (version 5.1) software
which is developed by Olympus Soft Imaging Solutions
GmbH. The experiments were done as 4 replicates, and 20
larvae were used in each replication.

Statistical Analysis

Average intensity value in pupal stages in each
concentrations of vitamin D3 were calculated by applying
the photos to Adobe Photoshop . Intensity data were
analyzed by one-way “analysis of variance” (ANOVA) 4.

To determine significant differences between means least
significant difference (LSD) test was used . Significance
was considered at 0.05 level.

RESULTS

Our study showed that increased intensity of melanization
occurs towards the last abdominal segments especially
in the pupal stage of D. melanogaster. The results of
the study also show the normal size and appereance of
each developmental stage of D. melanogaster on the
control artificial diet and the small size and abnormal
melanization through the last abdominal segments of
larval, pupal and adult stages of the insects reared on given
dietary concentrations of vitamin D3 as dietary additives

(Fig. 1).

Histogram analysis shows average intensity values in
pupal stages in different concentrations in comparison to
control group (Table 1). High intensive value (92.61+2.39),
especially in pupae reared on 20 mg/L was recorded.
However low intensity values in pupal stages at 320 and
2560 mg/L of vitamin D3 was recorded in relative to other
tested concentrations of vitamin D3.

Larvae Pupae Adults
Tw 80 &
20 mg/L ﬁ
1280 mg/L ' i &
|

Fig 1. The effects of vitamin D3 on morphology of D. melanogaster reared
on artificial diet. The magnification was x20 and the scale bars represent
pixels (1 Pixel = 0.14000 pm)
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Table 1. Intensity value of melanization in pupae reraed on artificial diet
with vitamin D3
Vitamin l.)3 Intensity Value in Pupal Stages
Concentrations .
(Mean'tS.E)*
(mg/L)
0.000° 72.12+1.43*
Tw 80 68.74+1.65*
5 71.96+2.16*
20 92.61+2.39*
80 69.47+3.78*
320 59.08+2.87°
1280 73.63+£3.93*
2560 51.19+1.16°
"Four replicates with 5 pupae per replicate were used. "Means with the different letter
are significantly different (P<0.05). *Control (without Vitamin D3). Tween 80 (Tw 80
solvent control)

Di1sSCUSSION

The metabolic system of the insect may be affected
biochemically by toxic proporties of these fat soluble vitamins
at high concentrations as in vertebrates including human
and animals. The effects of vitamin D alone have already
been known in the some metabolic process of the insects 1!,
The feeding experiments might be supported by the
imaging techniques to determine their effects on wellfare
of insects. Because, determination of only survivorship
and developmental period sometimes may be insufficient
to ascertain the effects of nutritional impairment of any
dietary nutrient 2>?¢. This study focused on the use of an
important micronutrient, vitamin D3 for control of pest
insects as environmentally sound alternative management.

In coincidence with our results with abdominal
melanization appearence, abnormalty in vertebrates
in relation to melanization is Peutz-Jegher syndrome
showing formation of multiple polyps in different regions of
the gastrointestinal canals, especially the large intestine 7).
Animals produce melanin pigments for the coloration of
their skin and protection from harmful solar radiation.
Insects also synthesize melanins even more ingeniously
than mammals and use them for exoskeletal pigmentation,
cuticular hardening, wound healing and innate immune
responses .. Firstly, melanin was massively deposited at
the wound region in insects for two major reasons with
other biochemical processes to prevent further blood loss.
Secondly, formed quinonoid products during melanogenic
process are well known cytotoxic metabolites to kill any
microbial agents entered the insect body through the
wound site.

Melanization is an crucial and indispensable phase of the
innate immune defence to biotic and abiotic invader 2.
The melanization in abdomen region of insects reared

vitamin D3 might be attributed to deterioration in guts
of larvae which are active feeding stage in response to
toxic effects of high concentrations of vitamin D3. For
example most insects consumpt the green leaves of plants
but excrete black feces in an as yet unknown mechanism
similar to our observation after vitamin D3 consumption
by larvae. Here we show that the melanization of
midgut and most probably hindgut content induced
by high concentration of vitamin D3, with its possible
toxicity that triggers the melanin synthesis around exces
accumulation of vitamin D3 or toxic metabolites or at
wound sites formed by toxic effects of vitamin D. Shao et
al.”), found that prophenoloxidase production in hindgut
cells and secretion into the hindgut contents causing
blackening in a model insect, silkworm Bombyx mori.
Some researches showed the blackening of the insect feces
was due to activated phenoloxidase enzim cascade, which
decrease and finally death of bacteria in the hindgut. Our
observation of melanization in abdomen region discloses
why the fruit fly abdominal region is black showing
melanization and provides understanding into innate
immunity of hindgut, which is still not known in detailed
in insects as stated by Shao et al.””), for mammals.

High intensive value (92.61£2.39), especially in pupae
reared on 20 mg/L may be attributed to melanization
reaction as humoral immune adaptation in response to
toxicity of this concentration vitamin D3. As in registered
rodenticide effects of vitamin D3 7], compared to other
concentrations of vitamin D3, low intensity value of
dietary 2560 mg/L vitamin D3 for D. melanogaster may
be a result of vitamin D3 chronic toxicity because of rapid
degradation of melanins. Similar results were obtained by
a study with higher animals which reported a correlation
between melanotic melanoma and lower survivorship than
pigmented melanomas °. In the other hand, in consistent
with our results showing low intensity value at the highest
dose of vitamin D3, melanin might be degraded by a redox
mechanism or lysosomally to polycyclic hydrocarbon and
may form some reactive oxidant molecules a short after
the melanization as suggested by Clancy and Simon P!,

Melanization can also be further induced around wounds
to preventadditional mechanical injury in midgut or hindgut
of D. melanogaster larvae caused by exces consumption of
higher dietary vitamin D3 as a possible insecticide. The
results of a study with a burrowing bug Cydnidae insects *2,
in consistent with our results that this insect synthesize a
chemicals such as hydrocarbonate, odorous substance. This
causes red-brown volar melanotic pigmented discolored
area in diffrent size and appearance at the site of contact
with this chemicals on these insects. There is an evidence
for our suggestion for vitamin D3 cause pigmentation that
when silkworm Helicoverpa armigera larvae were orally
fed with Bacillus bombysepticus, black chest septicaemia
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and finally larval death were reported. A mucocutaneous
pigmentation (peutz) on the thoracoabdominal region or
the first three abdominal segments and then covering the
whole body %I,

Consequently, a fat-soluble vitamin D3, as dietary
ingredient in quantities above the normal requirement
might be crucial nutritional alternatives for pest control.
The midgut of insect is the first defensive barrier
developing resistance and induces the immune response
to fight microbial agents or chemicals exposed such as
exsessive accumulation of vitamin D3 in midgut or hindgut
of D. melanogaster in our study. Absorption rate of other
nutrients may be changed as a result of overaccumulation
of the vitamin D3 in the gut of the insect as in mammals.
It has been already known that bioavailability of vitamin D
is important factors including absorption, transportation
and metabolism 1*4.

As Singh and House ), stated for morphological changes
in size of another dipteran pest insect Agria affinis with
some dietary nonnutritional additive antibiotics; similar
detrimental effect on larval, pupal and adult appearance
in D. melanogaster varied with the level of vitamin D3 in
a synthetic diet; for example, in proportion to the level
of vitamin D3 was observed. This suggests some caution
in use of dietary concentrations of such nutritional
additives where normal insect species or damaged
insects for pest management are desired. We infer from
or results that a model for the process by which vitamin
D3 damages the fruit fly midgut and hindgut decreasing
survivorship. Although these results may shed a light for
the registration of vitamin D3 as an insect control agent
like rodenticide '), further work on biological parameters,
mass rearing, formulation, and field application should be
undertaken.
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INTRODUCTION

Abstract

This study aimed to characterize the fecal carriage of antimicrobial-resistant Escherichia
coli isolates in healthy bovine in Northern Algeria. Fecal samples of 233 cows were
collected and cultured on MacConkey agar. E. coli isolates were recovered, identified
and tested for antibiotic susceptibility by disk diffusion method. Screening of extended-
spectrum-betalactamase (ESBL)-production was performed by double-disk synergy test
and characterization of ESBL genes by PCR and sequencing. All isolates were typed for
phylogenetic groups and multilocus-sequence-typing (MLST) analysis was performed
on phylogroup B2 and ESBL-producing isolates. The presence of antimicrobial resistant
genes was analyzed in the collection of E. coli isolates and integrons in SXT-resistant
isolates. Overall, 39.9% of E. coliisolates (89/223) were resistant to atleast one antimicrobial
agent, and 41.5% of them showed multi-drug resistance (MDR). High resistance rates
were detected for tetracycline (32.3%), streptomycin (18.4%), sulphamethoxazole/
trimethoprim (15.7%) and ampicillin (15.2%). Two ESBL-producing E. coli isolates were
identified: A/ST617/CTX-M-15 and A/ST48/SHV-12. Sequence types ST95, ST998 and
ST145 were detected among the phylogroup B2 isolates. From 35 SXT*® isolates, class-1
and class-2 integrons were detected in 82.9% (29/35) and 12.9% (1/35), respectively.
Six gene-cassette-array structures were detected in the variable region of class-1 (dfrAI-
aadA; dfrA12-aadA2, aadA1/2; dfrA12-orfF-aadA2-cmli-sul3-linked and dfrA17-aadA5)
and class-2 integrons (dfrAI-sat2-aadAl). Our study highlights the potential dynamics
of animal E. coli isolates in farms.

Keywords: Antimicrobial resistance, bovine, E. coli, Integrons, MLST, Phylogenetics

insufficient hygiene and biosecurity led to the emergence
and spread of antimicrobial resistance globally . Along

In veterinary husbandry, antibiotics are used as
therapeutic or prophylactic agents, for the treatment and
control of infectious diseases, or, in some countries, as
growth promoters to improve weight gain ['l. Nowadays,
antibiotics are highly used in dairy industry and in animal
farming, and in some countries with scarce control; in
this sense, a study refer that 56% of farmers in a sub-
Saharan country use non-prescribed antibiotics and about
25% of countries at world level use antibiotics as growth
promoters of animals 23, These practices associated with

the food chain, antimicrobial resistance is considered as
a major global public health concern, because many food
animals are carrying antibiotic-resistant strains, such as
extended spectrum-beta-lactamase (ESBL) producing
Enterobacteriaceae ©°\.

The acquisition of new resistance mechanisms leading to
antimicrobial resistance, and the declining flow of new
antimicrobial agents continue to threaten our ability to
treat common infections, particularly infections caused

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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by multidrug-resistant (MDR) microorganisms ¢
Bacterial infections with MDR are of particular concern
because it limits treatment options, can be transferred
between pathogenic bacteria, and increases superbug
morbidity . ESBL-producing E. coli is an emerging MDR
bacteria resistant to third-generation cephalosporins and
monobactams . E. coli is a normal inhabitant of the
human intestine, which could under some circumstances
cause severe sepsis and urinary tract infections, among
hospital-level infections "%\ In animals, diarrhea and
several infectious diseases caused by E. coli are considered
the main causes of economic losses associated with poor
growth, drug costsand animal death ''. The intensification
of cattle breeding and the intensive use of antibiotics
make cattle important reservoirs of resistant bacteria that
can be disseminated at the human-animal-environment
interface "2, Although antimicrobial resistant E. coli
from cattle have been reported in many parts of the
world, information on cattle as potential reservoir of E.
coli resistant to antimicrobials, particularly in Algeria,
is more-scarce. Analysis of antimicrobial resistance
genes and molecular typing of E. coli isolates from cattle
will provide useful data for predicting potential risks
associated with mammals’ E. coli in Algeria.

This study aimed at determining the frequency of
ESBL-producing E. coli, the genetic characteristics and
antibiotic-resistant profiles among E. coli recovered from
cattle feces in northern Algeria

MATERIAL AND METHODS
Ethical Statement

The study protocol was approved by the Veterinary
Science Institute Scientific Committee of the university
Saad Dahlab of Blidal (Ref: CSI/N°12/2015).

Sampling and Bacterial Isolation

From January 2017 to September 2019, 30 farms were
visited in three department districts of northern Algeria.
Most of the farms (21/30, 70%) were located at Tizi-Ouzou
while the remaining were distributed between Algiers (4
farms) and Blida (5 farms). After obtaining consent from
the farms owners, accessible animals inside the stable
were submitted to fecal sampling. Up to 50 grams of
fecal matter were directly taken from the rectum of each
animal in a sterile jar and transported immediately to the
laboratory under cold storage for processing.

Fecal samples were diluted (1:10) in buffered peptone
water (Pasteur Institute of Algiers, Algeria) and incubated
at 37°C for 24 h. The enriched culture was inoculated on
MacConkey agar plates (Conda, Spain) and incubated
at 37°C for 24 h. One presumptive E. coli colony per
sample was randomly selected and identified by classical

biochemical methods (gram-staining, oxidase test, TSI,
indol) and API 20E gallery (BioMerieux, France). The
identification was confirmed by matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry
method (MALDI-TOF MS, Bruker) in the Laboratory of
Biochemistry and Molecular Biology in the University of
La Rioja (Logrono, Spain). One E. coli isolate per sample
was maintained for further studies. Table 1 shows the
isolates recovered from each of the farms tested.

Antimicrobial Susceptibility and ESBL Phenotypic Tests

Antibiotic susceptibility testing for ampicillin (AMP),
amoxicillin/clavulanate (AMC), cefotaxime (CTX),
ceftazidime (CAZ), cefoxitin (FOX), imipenem (IMP),

Table 1. Number of E. coli isolates obtained from faecal samples of bovine of
30 different farms located in 3 different departments of Algeria
Farm T No. of the Tested No. of E. coli
Number Samples Isolates
1 Blida 3 3
2 Blida 3 3
3 Algiers 3 3
4 Tizi-Ouzou 6 6
5 Tizi-Ouzou 7 7
6 Tizi-Ouzou 7 7
7 Tizi-Ouzou 15 15
8 Blida 7 7
9 Tizi-Ouzou 7 7
10 Tizi-Ouzou 9 9
11 Tizi-Ouzou 12 12
12 Tizi-Ouzou 11 11
13 Tizi-Ouzou 14 14
14 Tizi-Ouzou 19 19
15 Tizi-Ouzou 6 6
16 Tizi-Ouzou 8 8
17 Tizi-Ouzou 4 4
18 Tizi-Ouzou 3 3
19 Tizi-Ouzou 8 8
20 Tizi-Ouzou 17 17
21 Tizi-Ouzou 4 4
22 Tizi-Ouzou 8 8
23 Algiers 9 9
24 Algiers 4 4
25 Blida 7 7
26 Tizi-Ouzou 7 7
27 Tizi-Ouzou 4 4
28 Tizi-Ouzou 5 5
29 Blida 4 4
30 Algiers 2 2
Total 223 223
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ciprofloxacin (CIP), gentamicin (GEN), chloramphenicol
(CHL) and sulfamethoxazole/trimethoprim (SXT) was
performed by the disk diffusion method as recommended
by EUCAST .. For streptomycin (STR) and tetracycline
(TET), the CLSI recommendation interpretative criteria
were followed !l The screening for ESBL production
was carried out by double-disk test (DDST), using third
generation cephalosporins (CTX and CAZ) and a beta-
lactamase inhibitor (AMC). Isolates showing resistance
to at least three families of antimicrobial agents were
considered as multidrug resistant (MDR).

Characterization of Antimicrobial Resistance Genes

Bacterial DNA was extracted by boiling three to five
colonies in 1 mL of sterile Milli-Q water for 8 min. The
suspension was centrifuged at 12.000 rpm for 2 min; the
supernatant was collected and stored at -20°C for later
use. E. coli isolates resistant to beta-lactams were tested
by PCR for beta-lactamase genes: blagy, blasuy, blaoxa 1,
blacrx m-universal, and blacrxm, group. The PCRs for
blacrx v-universal and blacrx w, group were performed
for the ESBL-producing isolates. Positive amplicons were
sequenced to identify the beta-lactamase gene subtype. E.
coli isolates were screened for the presence of resistance
genes such as: tet(A)/tet(B) for tetracycline, sull/sul2/sul3
for sulphonamide, cmlA/floR for chloramphenicol, gnrA/
qnrB/gnrS/aac(6’)-Ib-cr for ciprofloxacin and aac(3)-1I
for gentamicin resistance [*],

Integron Analysis

SXT resistant (SXT®) E. coli isolates were tested for the
integrase of class 1, 2 and 3 integrons (intll, intl2, and
intl3, respectively). The variable regions of class 1 and class
2 integrons were amplified by PCR in all intl1-positive and
intI2- positive isolates and amplicons were sequenced to
obtain the gene cassette arrays /.

Phylogenetic Groups and Multi Locus Sequence Typing

E. coli isolates were assigned to one the 8 phylogenetic
groups (A, BI, B2, C, D, E, F and Clade I) by using the
quadruplex PCR strategy as well as the specific PCRs
designed for phylogroups C and E 7. To identify the
geneticlineages of selected E. coli isolates (ESBL-producing
isolates and those affiliated into the phylogenetic group
B2), Multilocus sequence typing (MLST) of seven
housekeeping genes (adk, fumC, gyrB, icd, mdh, purA and
recA) was performed by PCR and sequencing to determine
the sequence type (ST) (http://mist.warwick.ac.uk/) '8,

Data Analysis

Raw data were entered to Microsoft Excel (2016;
Microsoft Corp., Redmond, WA, USA) and imported to
MedCalc version 2019 (Ostend, Belgium) for statistical
analysis. Binary logistic regression was used to determine

the association between the phylogenetic groups and
the presence of antimicrobial resistance. In this model
phylogroup A was as a reference. A p-value of 0.05 was
used to determine the significance level.

RESULTS
Antimicrobial Resistance Phenotype and Genotype

A total of 223 E. coli isolates were obtained of 223 samples
of cattle feces (one isolate per sample) (Table 1). Antibiotic
susceptibility results showed that 134 (60.1%) of the
isolates were susceptible to all antimicrobial drugs tested,
while 89 isolates (39.9%) were resistant to at least one
antibiotic. Resistance to cefoxitin and imipenem was not
found while resistance levels for other antibiotics were as
follows (percentage of resistance): tetracycline (32.3%),
streptomycin  (18.4%), sulfamethoxazole/trimethoprim
(15.7%), ampicillin (15.2%), amoxicillin/clavulanic acid
(10.8%), gentamicin (6.7%), chloramphenicol (5.4%),
ciprofloxacin (3.1%), and cefotaxime and ceftazidime
(0.4%). Two of the 223 E. coli isolates showed an ESBL
phenotype, and the remaining 221 were ESBL-negative.

Resistance Genes Detected Among the ESBL-negative
E. coli Strains

Table 2 shows the percentage of antibiotic resistance
among the 221 non-ESBL-producing E. coli isolates
of bovine origin analysed in this study. From the 32
ampicillin resistant isolates, 24 (75%) carried the blargy
gene and 1 (3.1%) carried the blaox,, gene. Tetracycline
resistance (70 strains) was associated with the presence
of tet(A) (22.8%), tet(B) (22.8%) or tet(A)+tet(B) genes
(4.3%). The sul2, sul3, sull+sul2 and sul2+sul3 genes
were detected in 54.5%, 3%, 24.2% and 15.1 % of SXT
resistant isolates, respectively. The cmlA gene was found
in 58.3% (7/12) of chloramphenicol-resistant isolates. The
gnrS gene was identified in 22.8% (1/6) of ciprofloxacin
resistant isolates. Finally, the aac(3)-II gene was revealed
in 28.6% (4/14) of gentamicin resistant isolates. Table 3
shows the phenotypes of resistance shown by all the E. coli
isolates of the study.

Out of the 89 tested isolates, 50.5% showed resistance to
a minimum of two antibiotics. Upon the resistant strains,
fourteen patterns of resistance were identified. Two ESBL
producing E. coli isolates were obtained in two farms from
Tizi-Ouzou and Blida (Table 3). Multi-drug resistance
(resistance to at least three families of antibiotics) was
observed in 41.5% (37/89) of the tested strains (Table 4).

Characteristics of ESBL-producing Strains

Two ESBL-producing E coli isolates were identified in this
study and the characteristics are shown in Table 4. One of
them was ascribed to lineage ST617 and phylogroup A,
showed a MDR phenotype [AMP-AMC-CTX-CAZ-TET-
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origin analysed in this study

Table 2. Percentage of antibiotic resistance among the 221 non-ESBL-producing E. coli isolates of bovine

Antibiotic No. of Isolates Showing Rates of Resistance Genes
Resistance Resistance (No. of Isolates/%)
A blarem (24/75%)
Ampicillin 32 14.5 blaoxa: (1/3.1%)
Amoxicillin/clavulanic acid 23 10.4 blarem (15/65.2%)
Cefotaxime + ceftazidime 0 0.0 -
Ciprofloxacin 6 2.7 qnrS (1/22.8%)
14.9 sul2 (18 / 54.5%)
33 sul3 (1/3%)
Sulphamethoxazole/ sull+sul2 (8/24.2%)
Trimethoprim sul2+sul3 (5/15.1%)
dfrA1 (10/30.3%)
dfrA12 (2/6%)
tetA (16/22.8 %)
Tetracycline 70 31.7 tetB (16/22.8%)
tetA+tetB (3/4.3%)
Gentamicin 14 6.3 aac3-1I (4/28.6%)
aadAl (11/26.8%)
Streptomycin 41 18.5 aadA2 (2/4.9%)
aadAl/2 (5/12.2%)
Chloramphenicol 12 54 cmlA (7/58.3%)
Imipenem 0 0.0 )
Cefoxitin 0 0.0

Table 3. Phenotypes of antimicrobial resistance exhibited by the collection of 223 E. coli isolates obtained
of bovine fecal samples

Phenotype of Antibiotic Resistance™® No. of Isolates Percentages
Susceptible 134 60.1
TET 28 12.5
AMP-AMC-TET"-SXT"-STR"-GEN*-CHL?-CIP? 19 8.5
AMP-TET®-SXT’-STR’-CHL!-CIP! 8 3.6
AMP-AMC 4 1.8
AMP 1 0.4
AMP-AMC-CTX-CAZ-TET-SXT-CIP-GEN-ESBL* 1 0.4
AMP-TET-SXT-ESBL* 1 0.4
TET-SXT-STR-GEN?-CHL! 13 5.8
TET-STR 4 1.8
TET-GEN-STR?-CIP! 3 1.3
GEN 3 1.3
GEN-CIP 1 0.4
GEN-STR 1 0.4
CHL 2 0.9

* AMP, ampicillin; AMC, amoxicillin/clavulanicacid, CTX, cefotaxime; CAZ, ceftazidime; FOX, cefoxitin; CIP,
ciprofloxacin; SXT, sulfamethoxazole/trimethoprim; TET, tetracycline; GEN, gentamicin; STR, streptomycin; CHL,
chloramphenicol. ESBL+: ESBL-producer phenotype

® Those in superscript indicate the number of isolates that showed the specific resistance for the indicated antibiotic, in
case that not all of isolates of the group were resistant

SXT-CIP-GEN] and carried the gene encoding CTX-M15,
as well as the beta-lactamase resistance gene blaoxa .,
aminoglycoside resistance gene aac(3)-II, tetracycline

resistance gene tet(B) and the sulphamethoxazole
resistance genes sull and sul2. The second isolate was
typed as ST48/phylogroup A, contained the gene encoding
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Table 4. Characteristics of the seven E. coli isolates showing an ESBL-phenotype or being included into phylogenetic group B2

gz:laet : Farm/Region | ESBI-test AntimiP;};(e)Il:;):ly II;:s(;ztance ? Anﬁmicroneizle?eSiStance (Genelgtaesgs:t)tr: {Array) MLST Phy(l}(:'i‘::ﬁc
OEER) 2t + Al\é};’{\g{g—%g—)éggz_ sul f,lsa;lTZ)i;a];f]IlZ Oc)z(gch( 6t ;ﬁl’)—cr (dfrAl ;:aadAS) SUEL7 A
X2525 26/Tizi-Ouzou + AMP-SXT-TE blasuviy, tetA, sul3 + ST48 A
X2325 3/Algiers - AMP-AMC-TE blarem = ST998 B2
X2384 11/Tizi-Ouzou - AMP blarem - ST14 B2
X2393 11/Tizi-Ouzou - Susceptible - - ST95 B2
X2509 24/Algiers - CHL - - ST95 B2
X2515 25/Blida - Susceptible - - ST95 B2

*AMB, ampicillin; AMC, amoxicillin/clavulanicacid, CTX, cefotaxime; CAZ, ceftazidime; CIP, ciprofloxacin; SXT, sulfamethoxazole/trimethoprim; TET, tetracycline; GEN,

gentamicin; CHL, chloramphenicol

SHV-12, and carried the genes tet(A), intll, and sul3; this
isolate showed phenotypic resistance to AMP-TET-SXT,
but presented a positive screening ESBL test (Table 4).

Characterization of Integrons

Out of 35 SXT® E. coli isolates typed for integrons, 29
(82.8%) carried the intI1 gene and 1 (2.8%) isolate carried
the intI2 gene, No class 3 integrons were detected. Different
gene cassette arrays were found in the class 1 integrons:
aadAl1/2 (5 isolates), dfrAl-aadAl (10 isolates), dfrAl7-

(1)* ¢——— >

(
aadA2

1 Dfra12 OrfF cmiA aadAl
(7) < >t
1 DftAl aadAl
= g —
(1) DfrA12 aadA2
(1) _inill S
< r
o) o Lfra17 auAs
3) « {
C Dfral aadAl
() < —
- inl aadAl/2
(1) <«

2 aadAl sat? DfiAl

* The Number of strainswith the seme structure

Fig 1. Different structures of class1 and class 2 integrons

Table 5. Distribution of Isolates by phylogenetic groups and correlation with antimicrobial resistance
No. of No. of Isolates (%) No. of isolates Slllowing Resistance N d%)
Phyl N ‘;’ : Showing Resistance OR D to the_FO.UOWI.ng Nun}b.er of o.faMnDRo OR P Val
EOSECUTY S‘()‘;) & (ki Tzaet One (95% CI) RIS Antimicrobial Families: (I)solates (95% CI) e
° Antimicrobial 1 2 3 4 5 | 6
70 22 11
A (1.4) (31.4) Referent | Referent | 9 2 4 3 3 (1 (15.7) Referent Referent
131 59 1.79 21 1.02
Bl (58.7) 5) (097-120)| 0062 | 27 | L1124 (16) | (04624227 |
22 8 1.25 5 1.19
Oilberis 2.2) 22.7) (0.46-340)| %07 | 2 ! L3 1 22) (0.34-4.20) iz
223 89 37
Total (100) (39.9) NA NA 38 14 17 10 8 2 (16.6) NA NA
*Phylogenetic group according to Clermont et al.!'”), ® Reference group (Phylogroup A) was chosen arbitrarily, NA = Not applicable for statistical analysis

aadA5 (1 isolate), dfrA12-aadA2 (1 isolate), and dfrA12-
orfF-aadA2-cmlA/aadAl (1 isolate). In addition, the
dfrAl-sat2-aadAl array was detected in the variable region
of a class 2 integron of one additional E. coli isolate (Fig. I).

Phylogenetic Typing of the E. coli Isolates

Seven distinct phylogroups were distinguished among the
223 E. coli isolates of this study, with a predominance of
the groups Bl and A with 58.7% and 31.4% of isolates,
respectively (Table 5). The phylogroups E and B2
represented 4.9% (11/223) and 2.2 % (5/223) respectively,
while the phylogroups C, D and F shared three isolates.
The 5 isolates of the phylogroup B2 were typed by MLST as

ST998, ST14 and ST95. The isolates of phylogroup B2 were
recovered from four farms belonging to three different
regions of Algeria (Table 4). No statistical correlation was
found between phylogenetic groups and the frequency of
resistance to at least one antimicrobial agent, or with the
rate of resistance to increasing number of antimicrobial
families (P>0.05) (Table 5).

Di1sCcUSSION

The unregulated use of antibiotics in bovine farms may
enhance the spread of drug-resistant bacteria, particularly
ESBL-producing E. coli, in the community. These latter
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have emerged as a major problem around the world.
Primarily, ESBL-producing E. coli isolates were only
observed in human clinical isolates, but these bacteria have
increased drastically in food-producing animals, making
them a natural reservoir and contributing to its spread
191 In the present study, overall, 39.9% of E. coli isolates
were resistant to at least one antimicrobial agent, whose
41.5% with multi-drug resistant (MDR). The apparent
prevalence of resistance to antibiotics recorded in the
present survey is lower than those reported in formerly
published reports on E. coli involved in poultry and pig
carriage **?!, Only two ESBL-producing E. coli isolates
were detected in the present study. Unlike to our findings,
higher rates of resistance to cefotaxime were observed in
E. coli isolates recovered from fecal samples of the farms
keeping beef cattle (70%) and dairy cattle (85%) in Germany
221 Tt is important to remark that no selective media for
ESBL-producing E. coli recovery was used in our study; so,
the prevalence could be higher if antibiotic-supplemented
media would be used for ESBL-E. coli isolation.

Resistance to tetracycline (31.7%) and streptomycin
(18.5%) were the most prevalent phenotypes observed
in the tested E. coli isolates in our study. Reports from
Iran showed higher levels of resistance to streptomycin
(98.25%) and tetracycline (98.09%) in E. coli isolated from
diarrheic calves . The variation between these studies
could be due to differences in regulations on antimicrobial
use in animals adopted by these countries and therapy
traditions followed by veterinarians. Tetracyclines have
been used frequently for many decades as efficient and
inexpensive antimicrobial agents for animals. The rate of
tetracycline resistance detected in our study (31.7%), is
in the frame of data obtained in other studies in
which higher and lower resistant rates were detected
(range4.8-54.5%) 1***7). Our results concur with the
resistance rates to amoxicillin/clavulanic acid (11.62%),
sulphamethoxazole/trimethoprim (15.15%) and chloram-
phenicol (4.04%) reported previously in eastern Algeria 2.
However higher resistance levels were observed in
the study of Barour et al.?*'to ampicillin (59.1%) and
ciprofloxacin (7.1%).

In the present study, resistance to beta-lactams was mainly
associated with the presence of blasy gene. This latter
was blamed in 24 tested AMP* isolates while only one
AMPR isolates carried blaoxa,. In a previous report from
Tanzania, Madoshi et al.[?® stated that most of beta-lactam
resistant E. coli isolates recovered from cattle carried
bla;zy gene. Sulphonamide resistance genes including
sul2 (51.4%), sul3 (5.7%), sull+sul2 (25.7%), sul2+sul3
(14.3%) and tetracycline resistance genes ftetA (23.6%),
tetB (23.6%) and tetA+tet B (4.2%). Accordingly, previous
studies reported that sulphonamide resistance genes
(sull/sul2) were often found together with tetracycline

resistance genes fet(A) and tet(B) .. The genes tet(A)
and/or tet(B), encoding efflux mechanisms, have been
reported to be the most common tetracycline resistance
determinant in E. coli isolates from humans and animals
in many countries . They were associated with 50%
(35/70) of the E. coli isolates with TET® phenotypes
tested in this study. The number of the isolates harboring
exclusively tet(A) is similar to those harboring exclusively
tet(B) genes. Our findings are consistent with the earlier
reports showing equal fet-gene patterns distribution in E.
coli isolates recovered from animals, including cattle 231,
Other studies reported discordant results with either
higher frequencies of tet(A) determinant in E. coli isolates
recovered from cattle ¥ or higher frequencies of tet(B)
genes in E. coli isolates [*%].

In relation to integron analysis of SXT® isolates, class 1
integron was detected in 82.8% (29/35) of SXT® E. coli
isolates. Five gene-cassette-arrays structures were detected
in their variable region: aadA1/2 (5 isolates), dfrAl-
aadAI(10isolates), dfrA17-aadA5 (1isolate), dfrA12-aadA2
(Lisolate),anddfrA12-OrfF-aadA2-cmlA/aadAl(1isolate).
One isolate carried the intI2 with the gene cassette array
dfrAl-sat2-aadAl. A study conducted in China showed
that 66% of E. coli strains carried class 1 integron and gene
cassette arrays of aadA 1 (most prevalent with 20%), aadA?7,
aadA5, aadAl7, dfrAl, dfrA5, dfrAl-aadAl, dfrAl2-
aadA2 and dfrA17-aadA5 . Sequence analysis showed
that, the genes aadA and dfrA, associated to streptomycin
and trimethoprim resistance, were dominant in the gene
cassette arrays in this study which concurs with previous
reports in E. coli isolates from cattle 4.

In regards to the phylogenetic groups, Bl (58.7%) and
A (31.4%) were the predominant among the E. coli
isolates. The phylogroups A and Bl are commensals in
the intestine and are commonly shed in feces of healthy
animals including cattle *, and blamed in 67.4% of
mastitis cases in dairy cattle in China P¢. A study from
Brazil showed that most of bovine clinical mastitis
associated E. coli isolates were assigned to phylogroups A
(52%) and B1(38%) *”.. Upon bivariate logistic regression,
there was no association between E. coli phylogenetic
groups and antimicrobial resistance frequencies (p>0.05)
found during our survey. The major multidrug-resistant
E. coli isolates belonged to phylogroups A (16%) and Bl
(15.7%). In Beijing, 58.6% of antibiotic-resistant E. coli
strains were affiliated to group B1 and 35.7% were in the
group A B®. Additionally, E. coli isolates with MDR were
mainly classified in phylogenetic groups A or Bl *°.. The
combination of different phylogeny and antimicrobial
resistance of E. coli may improve the recognition of new
subgroups of virulent bacteria.

In cattle, blasuy, is frequently detected among ESBL
producing E. coli isolates "**°). Molecular analysis of the
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two ESBL producing E. coli revealed the following patterns
[Phylogroup A/ST617/blacix m1s] and [Phylogroup A/
ST48/blagyy.1,]. Similar findings were reported in Iran .
The blacrxm15 gene encoding for CTX-M-15 enzyme
is often detected in the hospital environment and has
been associated with the epidemic lineage ST131/B2 2],
CTX-M-15 is the most important CTX-M enzyme
due to their large diffusion and relation to outbreaks
and severe extra-intestinal infections in humans " It
has been reported in all continents with reports in all
major ecological niches including humans, animals
and environment %%, Several studies showed that, the
sequence type (ST617) was highly distributed among
various livestock species and humans in many African
countries 1. The public health threat associated to
ESBL-producing CTX-M-15 has to be monitored in
different ecological niches and to be considered under
the prism of the one health approach. ESBL-producing
E. coli isolates were multidrug resistant with blaOXA-1,
tetB, sul, sul2, tetA, and aac3-II accessory genes. Similar
observation was previously reported by Ibrahim et al.l**!
and Lee et al.*). These represent a snapshot of resistance
genes diversity present in the E. coli isolates, including
resistance to historically used antibiotics as well as
cephalosporins in contemporary use. MLST typing of
E. coli isolates belonging to the phylogenetic group B2
revealed three ST95 isolates while the remaining belonged
to ST14 and ST998. E. coli isolates belonging to lineages
ST95/B2, ST14/B2, and ST998/B2 are often found in
isolates of human origin . Our study highlights an
increasing resistance to antibiotics in E. coli from cattle
carriage. To overcome the problems of multidrug resistant
bacteria alternative treatments such as zinc oxide, could
be used instead of common antibiotics to treat the E. coli
and S. aureus related diseases ©'l.

Multi-drug resistance could spread through the food
chain if beef meat is contaminated during slaughtering
and butchering of cattle as well as through use of
livestock feces as manure. Accordingly, hygiene should be
adequately enforced at abattoirs to prevent contamination
of meat. There is need for formulation and enforcement of
policies to regulate use of antimicrobials in the country;
antimicrobial surveillance program is also necessary.
Public health education about health implications of
indiscriminate use of antimicrobials is important.
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Chewing Lice (Psocodea: Phthiraptera) Detected in Wild Birds in Hatay,
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Abstract

This study was carried out to determine chewing lice species of the wild birds, which
were brought to the Veterinary Health, Practice and Research Center and Wild Animal
Rescue and Rehabilitation Center of Hatay Mustafa Kemal University, between May
2018-August 2022. For this purpose, 75 wild birds injured or sick, which needed
medical treatment when they arrived at the hospital, were examined for chewing lice.
A total of 356 lice specimens were collected, representing 148 males, 157 females
and 51 nymphs. The majority of the bird lice collected (317 out of 356) belonged to
Amlyceran suborder, while a small number of them (39 out of 356) were obtained in
the Ischnoceran suborder. Piagetiella titan (47.8%) detected in Pelecanus onocrotalus
was the most common louse species. This was followed by Laemobothrion maximum
(16.0%) detected in Clanga pomarina, Buteo rufinus, Circaetus gallicus. Ciconiphilus
quadripustulatus (16.0%), Neophilopterus incompletus (10.4%) and Colpocephalum zebra
(7.3%) species were detected in Ciconia ciconia. Other species (Colpocephalum ecaudati,
Colpocephalum nanum, Pectinopygus forficulatus) were in small numbers (2.5%).
Colpocephalum ecaudati found on black kite (Milvus migrans) was reported for the first
time in Tiirkiye. The results of this study contributed to the lice fauna obtained from
wild birds in Tirkiye.
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to the birds, such as some filarial nematodes, and can also
serve as vectors for some bacterial diseases .. Piagetiella
titan (Piaget) can cause stomatitis in white pelicans .

Of the 4.000 bird species identified in the world ¥,
approximately 200 have been reported from 491 bird
species ! in Tirkiye **?°. In some studies conducted
worldwide, the incidence of chewing lice in wild birds was
found between 10.8%-35% '°l. In some studies conducted
in Tiirkiye, the incidence of chewing lice in wild birds
was found to be 40.4% 'l and 41.4% (). However, it is
believed that not all chewing lice found in birds in Tiirkiye
can be detected, and additional data on the prevalence of
chewing lice in wild birds in Tiirkiye are needed !'°.

INTRODUCTION

There are approximately 5,000 known species of lice, the
majority (90%) of which are ectoparasites of birds; the
remaining (10%) are parasites of mammals . Chewing
lice (Ischnocera, Amblycera) consist of the egg, three
nymphal stages and adult in the single host body. All stages
are usually host specific and permanently ectoparasites
that are common in bird species 1/

Although some species feed on blood, they feed mainly
on feathers and dermal debris ©*). When lice are found in
large numbers, they cause severe itching, weakness and
loss of resistance, breakage and deterioration of feathers,
negatively affecting the thermoregulation capacity, body

mass, flight performance, metabolic rate, migration,
grooming time, survival and sexual selection of birds ©**\.
Additionally, some chewing lice may transmit other parasites

This study was carried out to determine chewing lice
species of the wild birds which were brought to the
Veterinary Health, Practice and Research Center and

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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Wild Animal Rescue and Rehabilitation Center of Hatay
Mustafa Kemal University in Tiirkiye, between May
2018-August 2022.

MATERIALS AND METHODS
Ethical Approval

This study was approved by Hatay Mustafa Kemal
University Animal Experiments Local Ethics Committee
(Decision number: 2022/07-07) and Directorate of Nature
Conservation and National Parks (12/09/2023-303651).

Study Area

Hatay (37-38°N, 32-35°E) is a 5,403-km? area of plains,
rivers, streams and high mountains, which is bordered
by Syria to the south and the east, and the Mediterranean
sea to the west. The summers are hot (20-33°C) with high
humidity whereas the winters are wet and mild (5-14°C).

Sampling Data

This study was carried out in 75 wild birds in Hatay
Province in Tiirkiye. The birds were brought from Antakya
(10), Kirikhan (15), Samandag (17), iskenderun (18),
Dortyol (11) and Reyhanli (4) districts of Hatay. All of
the birds examined in this study were injured and sick,
which needed medical attention when they arrived at the
hospital.

The identification of birds was conducted according to
the guide developed by Heinzel et al. . The naming
of the birds was based on Gill et al. . A total of 75
wild birds, consisting of three families (Ciconiidae,

Pelecanidae, Accipitridae) in three orders (Ciconiiformes,
Pelecaniformes, Accipitriformes) were examined for
chewing lice (Table 1).

All the birds were examined immediately following their
arrival at the hospital. To sample of chewing lice, the
feathers of each bird were examined visually, and then
carefully rubbed. The lice detected on the wild birds were
collected with a forceps and taken into 70% alcohol, and
stored in the laboratory until microscopic examination.
The protocols for each bird species and the collected lice
from all of the infested birds were recorded.

At the laboratory, the lice specimens were cleared in 10%
KOH, rinsed in distilled water, kept for 24 hours in each
step in alcohol 70%, 80%, 90%, and 99%, and mounted
in Canada balsam on slides. All mounted specimens
were examined under trinocular stereo zoom microscope
(Nikon SMZ745T) in accordance with the keys or original
descriptions utilized by Price and Beer ¥, Pilgrim @,
Clay ¢, Clayton 1?7, Martin-Mateo 8, Mey ) and Adams
et al.%. Photographs were made using the Leica DM750
trinocular phase contrast microscope with DFC295
camera for all species except larger specimens for which
stereomicroscope was used. They were deposited at the
Parasitology Department of the Veterinary Faculty of
Selguk University in Konya, Tiirkiye.

Parasitism Rate Analysis

The prevalence of chewing lice was evaluated for bird
families and bird species with a minimum of a single
collected individual. The abundance mean and intensity

Table 1. Chewing lice (Phthiraptera) species detected in the examined wild bird species
; Abundance
No. HOSt.S Oty Common Name Suborder Chewing Lice Species %
SiposizE NI| M | F |N| T |M
CICONIIFORMES Amblycera | Ciconiphilus quadripustulatus | 16.0 7 12 | 41 | 4 57 8.1
24 Ciconiidae White stork Ischnocera | Neophilopterus incompletus 10.4 4 14 17 | 6 37 9.2
Ciconia ciconia Amblycera | Colpocephalum zebra 7.3 7 10 15 | 1 26 3.7
PELEC[}NIFORMES . . Amblycera | Piagetiella titan 47.8 3 | 100 | 54 |16 | 170 | 56.6
> G SR AORG Ischnocera | Pectinopygus forficulatus 0.6 1 1 1 0 2 2.0
Pelecanus onocrotalus 28 : :
AC(.:I? I.TRIFORMES Amblycera | Laemobothrion maximum 14.9 3 10 | 22 (21| 53 | 17.6
6 Accipitridae Long-legged buzzard
: Amblycera | Colpocephalum nanum 0.8 1 1 2 0 3 3.0
Buteo rufinus
11 Accipitridac . Lesser Spotted eagle Amblycera | Laemobothrion maximum 0.8 1 0 0 3 3 3.0
Clanga pomarina
9 AFCIPItrIdae . Short-toed snake eagle | Amblycera | Laemobothrion maximum 0.3 1 0 1 0 1 1.0
Circaetus gallicus
17 LRI Common buzzard - - - 0 0 0 0 0 0
Buteo buteo
Accipitridae . ;
. . Black kite Amblycera | Colpocephalum ecaudati 1.1 1 0 4 |0 4 4.0
3 Milvus migrans
75 Total 29 | 148 | 157 | 51 | 356 | 12.2
No: Number of birds examined; NI: Number of birds infested; M: Male; F: Female; N: Nymph; T: Total, MI: Mean intensity; * New record for Tiirkiye
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mean level of each species of chewing lice on the avian
hosts were determined.

RESULTS

Twenty one (28%) of 75 birds examined were found to be
infested with chewing lice. Eight chewing lice species; six
amblyceran species in four genera: Laemobothrion maximum
(Scopoli), Ciconiphilus quadripustulatus (Burmeister),
Piagetiella titan (Piaget), Colpocephalum zebra (Burmeister),
Colpocephalum nanum (Piaget) and Colpocephalum ecaudati
(Price and Beer); and two ischnoceran species in two genera:
Neophilopterus incompletus (Denny) and Pectinopygus
forficulatus (Nitzsch) were detected. Fifteen (71.43%) of
infested birds with one louse species, four (19.04%) with
two lice species and two birds (9.52%) with three lice
species were found to be infested.

A total of 356 lice specimens were collected, representing
148 males (41.57%), 157 females (44.10%) and 51 nymphs
(14.32%). The majority of the lice (317 out of 356) were in
the Amlyceran suborder, while a small number of them
(39 out of 356) were in the Ischnoceran suborder.

Piagetiella titan (47.8%) detected in Great white pelican

a .:?;i ‘__ C oo d ' * e e
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Fig 1. Chewing lice (Phthiraptera) species identified in this study, original.
a-d) Colpocephalum ecaudati, female; e) Neophilopterus incompletus, male
(40x magnification); f) Laemobothrion maximum, male; g) Colpocephalum
nanum, male (40x magnification); h) Colpocephalum zebra, male (40x
magnification); i) Pectinopygus forficulatus, male (25x magnification); j)
Ciconiphilus quadripustulatus, female (40x magnification); k) Piagetiella
titan, male

(Pelecanus onocrotalus) was the most abundant louse
species. This was followed by L. maximum (16.0%)
detected in B. rufinus, C. pomarina, C. gallicus. Ciconiphilus
quadripustulatus (16.0%), N. incompletus (10.4%), and C.
zebra (7.3%) detected in C. ciconia.

Other species (C. ecaudati, C. nanum, P. forficulatus) were
identified in small numbers (2.5%). In addition, four
female C. ecaudati (1.1%) specimens identified according
to Price and Beer’s description > and found on one black
kite (Milvus migrans) have been reported for the first time
in Tirkiye with this study (Table I). The morphological
characteristics of female C. eucaudati in this study are as
follows; the head length is 0.32 mm; head width, 0.47 mm;
thorax length, 0.34 mm; thorax width, 0.41 mm; abdomen
length, 1.06 mm; abdomen width, 0.60 mm; and total
length, 1.55 mm (Fig. 1).

Di1sCcuUsSION

Several studies on chewing lice species of wild birds have
been conducted in recent years in Tiirkiye; however, the
faunal composition of chewing lice of Turkish wild birds
is still far from being understood 141719201 In the present
study, it was conducted to determine the chewing lice
species found on wild birds which were injured, sick or in
need of medical attention in Hatay Province. In this study,
the majority of the bird lice (317 out of 356) belonged to
the suborder Amblycera (C. quadripustulatus, C. zebra,
C. nanum and C. ecaudati, L. maximum, P. titan), while
a small number of them (39 out of 356) were obtained in
the Ischnoceran suborder (N. incompletus, P. forficulatus).
Fifteen (71.43%) of 21 infested birds were infested with
one louse species, four birds (19.05%) with two lice species
and two birds (9.52%) with three lice species.

Ciconiphilus quadripustulatus (4.40-34.50%), N. incompletus
(0.46-25.83%), C. zebra (0.23-93.63%) and A. ciconiae
(0.86-20.06%) have been recorded on white stork
previously in Tirkiye 2831 and such countries as
Algeria *>*], Romania ¥, Poland ' and Egypt ¢l Twenty
four white stork species were examined in this study, and
the species of C. quadripustulatus (16.0%), N. incompletus
(10.4%) and C. zebra (7.3%) were detected, yet A. ciconiae
could not be found. According to the findings of the
studies; C. quadripustulatus, N. incompletus, C. zebra were
the most common lice species on white stork.

Piagetiella titan (1.01-63.00%), P. forficulatus (28.90-
34.74%), and C. eucarenum (0.07-28.09%) in some studies
have been recorded on great white pelican. Previous studies
performed in Tiirkiye >'®1°2031%71 and such countries as
Irak %, Iran ), Central Ciscaucasia *), and Romania !l
According to the findings of these studies; P. titan, P.
forficulatus and C. eucarenum were the most common lice
species on great white pelican. Five great white pelican



204

Chewing Lice (Psocodea: Phthiraptera) Detected in Wild Birds

Kafkas Univ Vet Fak Derg

species were examined in this study, and P. titan (47.8%)
was detected as common species. While P. forficulatus was
found rarely (0.6%) on the infested pelicans, C. eucarenum
could not be detected in this study.

Many well-known wild carnivorous birds such as the
buzzards, eagles, snake-eagles, kites belong to the family
of Accipitridae. In various studies conducted in the world
and in Tiirkiye, there are six genera of chewing lice in this
family that have been reported: the genera Laemobothrion,
Colpocephalum and Kurodaia in the suborder
Amblycera; and the genera Craspedorrhynchus, Degeeriella,
Falcolipeurus in the subgenera Ischnocera. Laemobothrion
maximum [3,10,13*15,17,36,41—46], C nanum [3,13,15,17,36,44,45,47]’ C
turblnatum [42,45,48]) C platystomus [3,10,13-15,17,36,44,45,48] R D
fulva [3,10,14,15,17,36,44,45,47,48]’ D. leucopleura [3,45]’ D. nisus [3,45]’
K. fulvofasciata 17381 FE  quadripustulatus " and E
suturalis % species have been reported in this family.
While L. maximum (16.0%) was detected in 6 Long-legged
buzzards (14.9%), 11 Lesser Spotted eagles (0.8%), and 9
Short-toed snake eagles (0.3%); C. nanum (0.8%) species
were detected in 6 Long-legged buzzards examined in this
study. In 17 Common buzzards examined, no lice species
were found. Colpocephalum turbinatum, C. platystomus,
D. fulva, D. leucopleura, D. nisus, K. fulvofasciata, F.
quadripustulatus, and E suturalis species could not be
identified in this study.

In Tiirkiye, two lice species have been previously reported
in M. migrans. These are L. maximum (one nymph) and C.
milvi (one female) "\, In this study, four female C. ecaudati
(1.1%) specimens obtained from the one black kite (M.
migrans) were reported for the first time in Tirkiye.

In conclusion, a great number of wild birds were infested
by numerous lice species in the world. In Tirkiye, the
number of studies on lice of wild birds has been steadily
increasing in recent years. As a result of the studies, it was
stated that the number approached approximately 200
with the species identified in later studies 1920450, n this
study, 356 lice specimens, mostly P. titan, L. maximum, C.
quadripustulatus, N. incompletus and C. zebra, were found
in wild bird species of B. rufinus, C. pomarina, C. gallicus,
C. ciconia. Other species such as C. ecaudati, C. nanum, P.
forficulatus were identified in small numbers. In addition,
a louse species, C. ecaudati, which has not been reported
in Tiirkiye until now, was found in M. migrans for the first
time in Tirkiye.
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INTRODUCTION

Abstract

This study was carried out to determine the effects of Equex on ram semen freezability
in three different extenders. Semen samples were collected from five rams and divided
into six equal aliquots. At first, three non-commercial base extenders (E1: Tris-based
extender, E2: Tris based extender+ Cystein and E3: Skim Milk Powder (SMP)) were
prepared. Each base extender was divided into two parts; a base extender (E1, E2 and E3)
or fortified with Equex (E1E, E2E and E3E). The pooled semen was diluted according
to the two-step dilution method, and cryopreserved using a programmable freezing
machine. Sperm motility parameters were examined by CASA. The morphological
properties were evaluated by flow cytometer. It was observed that the addition of Equex
had a positive effect on post-thaw motility and live spermatozoa (P<0.001), but had
no effect on the LIN and Polarized mitochondria. While the Equex addition decreased
post-thaw VCL, VSL, VAP and WOB values, it didn’t have effect on the post-thaw intact
acrosome rates (P<0.05). Furthermore, it was observed that Equex had a cryoprotective
effect on post-thaw progressive motility in E1E and E3E groups (P<0.05), but was not
observed in E2E group. In conclusion there was an interaction between Equex and
extender ingredient. The cryoprotective effect of Equex was more evident in skim milk-
based extender than that in tris-based extender.

Keywords: Cryopreservation, Equex, Kinematic parameters, Ram remen

temperature at which cryoprotectant is added to the
semen ), equilibration period ), and thawing rate %! can

Inlivestock, artificial insemination (AI) with cryopreserved
semen is one of the most important tools to improve the
reproductive efficiency. Freeze-thaw process results in
biological and functional changes that adversely impairs
fertilizing ability by altering sperm mitochondria,
acrosome and plasma membrane functional integrity "I,
The composition of semen freezing extenders helps to
stabilize the cells during the cooling and storage process.
Ram semen has been diluted with various extender
ingredients, both defined and undefined, to maintain
sperm fertilizing ability during processing and storage ..

Semen collection procedures, extender composition,
dilution, cooling, and freezing rates >”% as well as the
type and concentration of cryoprotective agents used ¢,

all result in the loss of post-thaw sperm fertilizing ability.
Some researchers have attributed this decline in fertility at
post-thaw stage to reduced transport ability and survival
of ram spermatozoa in the female reproductive tract,
along with diminished viability, morphology, and DNA
integrity during freezing and thawing procedures ¢!,
Another reason for reduced fertility in sheep intra-cervical
inseminated with frozen-thawed semen is the anatomical
structure of the ewes cervix and the passage of viable
spermatozoa through the cervix. Therefore, there is still a
need to optimize cryopreservation and breeding protocols
for ram semen 214,

Semen extenders have been designed to protect and
maintain spermatozoa during the processing and storage

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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of semen %, Various homemade or commercially available
extenders have been developed and they are supplemented
with different chemicals that reduce cryodamage or
oxidative stress with varying levels of success. Skim milk
or Tris-based extender are widely used components of
semen extenders in most species, showing successful
results both in vitro and in vivo '), The protective effect
of skim milk is provided by the different components that
present in the milk 18,

The semen freezing extenders and additives protect
spermatozoa metabolism in many ways, including
stabilizing the plasma membrane and maintaining
intracellular and intramembrane ionic concentrations,
thus reducing cold shock damage and osmotic shock.
Tris-based extenders with some additives (citrate, glucose,
and trehalose, etc) are widely used for liquid/frozen
mammalian semen storage >4, The success of Tris-
based extender has been attributed to its buffering capacity
against changes in pH and tonicity . The other extender
components are fructose, citric acid and egg- yolk which
are energy sources and protect the cell membrane during
cooling process >l Aisen et al.?*! enriched Salamon
and Ritar’s Tris based ram semen extender by adding
trehalose, and improved the cryo-protective properties of
this extender by cystein additives .

Equex is a non-permeating cryoprotective agent and
a surfactant stabilizes the acrosomal membranes and
protects spermatozoa against freeze-thaw toxic effects 17,
How Equex stabilizes sperm cell membranes during
freeze-thaw process is still being investigated 1**l. Equex is
a well-known supplement for semen freezing and it has
been extensively studied in bull P, dog 1!, stallion 12,
boar 7], and gazelle **l. However, there is a lack of research
on the effect of Equex on post-thaw quality of ram semen
diluted with various extenders. Also, such a wide range of
spermatological features have not been evaluated together
in previously published studies ****.. Furthermore, in the
literature review conducted, no study was found on the
effect of Equex in a skim milk-based extender.

The aim of this study, therefore, was to evaluate the
effects of Equex on post-thaw motility and motion
parameters, plasma membrane and acrosome integrity,
and mitochondrial membrane potential (MMP) of ram
spermatozoa in extender formulas, that were documented
as successful for ram semen freezing.

MATERIAL AND METHODS

Ethical Statement

All procedures were approved by the local ethics
committee of Sheep Breeding Research Institute, Ethics
Committee on Animal Research (25/05/2018,78255852-
050.01.04/0149/1331374).

Animal Management and Semen Collection

The study was carried out during breeding season
(September and October) in the Laboratory of Sheep
Breeding Research Institute, Bandirma, Tirkiye. All
chemicals used in this study were purchased from Sigma
(St. Louis, MO, USA). Five adult Karacabey Merino rams
from Sheep Breeding Research Institute (40.32 latitude,
27.91 longitude), fertility proven aged 2-3 years were used
for semen collection. All rams were hosted under uniform
management conditions.

Semen Collection and Freezing

Semen samples were collected from five rams by artificial
vagina every other day in five replicates. Obtained
ejaculates were primarily evaluated for colour, volume,
wave motion and initial motility ). Normospermic semen
(volume >0.9 mL, concentrations 21800 x 10° spz/mL
(Photometre Ovine Acucell - IVM Technologies, France),
wave motion >4 (1-5), progressive motility 270%) were
pooled to avoid individual variations.

All the diluent formulas used in the study were prepared
according to the formulas stated in the previous studies of
Aisen et al.?”, Alcay et al.l and Kulaksiz et al."”. Pooled
semen was divided into six equal aliquots. Each aliquot
was diluted with one of the extenders below at 400x10°
spz/mL according to two-step dilution technique .
Three base extenders; E1: Tris based extender (Sigma®
T6791 Tris 2.71 g, Sigma® F3510 D-Fructose 1.4 g, Sigma®
C2404 Citric acid 1.0 g, %20 eggyolk) + Trehalose 50 mM
Sigma’ T0167) !, E2: Tris based extender (Sigma® T6791
Tris 2.71 g, Sigma® F3510 D-Fructose 1.4 g, Sigma® C2404
Citric acid 1.0 g, 20% eggyolk, Sigma® T0167 Trehalose 50
mM) +1 mM Cystein (Sigma® C7352) ¥ and E3: Skim Milk
Powder (SMP) (10 g SMP (Sigma® 70166), 1 g of glucose
(Sigma® G7021), 5% egg yolk, 5% glycerol) " were used.
Each extender was divided into two parts; a base extender
(E1, E2 and E3) or fortified with equex (Equex-Paste,
Minitube, Tieffenbach Germany, REF.13560/0030) (E1E,
E2E and E3E) at a ratio of 0.75% v/v. Diluted semen was
cooled to +4°C at a rate of -0.3°C/min in 2 h. Second step
dilution was at +4°C at 5 times with 10 min intervals 1.

Then, the samples were allowed to equilibrate for 2 h.
Equilibrated semen was filled in 0.25 mL straws (MRS-
1 Dual IMYV, France) and frozen (Mini-Digitcool IMV,
France) using IMV advised freezing protocol (4°C to
-10°C 5°C/min, -10°C to -55°C 80°C/min, -55°C to -100°C
40°C/min occurred at a rate of 20°C/min from -100°C
to -140°C). Frozen straws were stored in liquid nitrogen
(-196°C) until thawing for further evaluation. Minimum
one week after freezing, at least 3 straws from each group
of the independent replicates were thawed at 37°C for 30
sec. for post-thaw semen evaluation.
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Post-thaw Semen Evaluation

Sperm Motility: Sperm motility was examined by
computer-assisted sperm analyser (CASA) (SCA®, Version
6.3; Microptic, Spain). Tris-based egg yolk free extender at
the ratio of 16x10° spz/mL was used to re-dilute semen
samples. Progressive motility and total motility values
were determined by CASA after 3 uL of re-diluted sample
was placed on the slide recommended by the manufacturer
(Leja®, Ref. 025107, IMV Technologies, France). While
evaluating spermatozoon movement characteristics, field
setting was as; min-max 15-70 pmz, speed settings; set
to static <10 um/s, slow to medium >45 um/s, fast >75
um/s, progressive (STR>80). The examined parameters
were; total, progressive, rapid and slow motility and
the kinematic parameters (linearity (LIN), straightness
(STR), curvilinear velocity (VCL), rectilinear velocity
(VSL), average path velocity (VAP), wobble (WOB) and
amplitude of lateral head displacement (ALH)).

Flow Cytometry Analysis: Plasma and Acrosome Membrane
Integrity and Mitochondrial Membrane Potential were
analysed by Guava EasyCyte flow cytometry (Guava
Technologies Inc., Hayward, CA, USA; distributed by IMV
Technologies). At least 5000 sperm cells were counted
for each sample. The analyser was routinely checked by
the Guava Check kit daily in terms of accuracy (Guava
Technologies, Inc., Millipore, Billerica, MA, USA).

Viability and Acrosome Membrane Integrity: The
sperm viability and acrosome membrane integrity were
evaluated by Easykit 5 (ref. 025293; IMV Technologies)
according to the manufacturer recommendations. Briefly,
approximately 40000 spermatozoa were added in each well
and incubated with 200 pL of EasyBuffer B (Ref. 023862;
IMV Technologies) at 37°C for 45 min in the dark. The
proportion of intact or damaged sperm membranes was
calculated by the software program (EasySoft, ref. 024842;
IMV Technologies).

Mitochondrial Membrane Potential: EasyKit 2 (ref.

024864; IMV Technologies) was used to analyse sperm
mitochondrial potential according to the manufacturer
recommendations. In summary, at the beginning, 10 uL of
ethanol was added to the 96 ready-to-use wells to dissolve
the fluorochrome. Next, 190 pL of Easybuffer B (Ref.
023862; IMV Technologies) and semen were added, for
a total of 50000 sperm. After incubation of the sample in
the dark for 30 min at 37°C, analyses were performed until
5000 spermatozoa were counted.

Statistical Analysis

All sperm parameters were considered as Mean + Standard
Error. The data obtained after thawing were analysed
by one-way analysis of variance (ANOVA). Tukey
comparison method was used to compare the differences
between the groups and it was considered significant at
the P<0.05 level. All statistical analyses were analysed in
the SPSS package program.

RESULTS

The effects of Equex in three different freezing extenders
were evaluated in five replicates. Pooled semen mean
volume, TM, PM and sperm concentration were 4.7 mL,
89.6%, 75.4% and 4.3x10° spermatozoa/mL, respectively.
There was no statistical difference observed between
the mean TM, PM and live sperm with intact acrosome
parameters in different extenders E1, E1E, E2, E2E, E3,
E3E after dilution, cooling and equilibration.

The effects of different extenders on post-thaw sperm
motility-related parameters (TM, PM, RPM, MPM and
SPM) are shown in Table 1. Freeze-thaw process resulted
in reduced TM (P<0.01), PM (P<0.01) and live sperm
with intact acrosome rate (P<0.001). The post-thaw TM
was not significantly, but numerically higher in the El
and E2 groups compared to the E3 group. For the post-
thaw progressivity (PM, Rapid, Medium and Slow), there
was no difference between base extender groups except
medium progressivity (P<0.05).

Table 1. The effect of extender and Equex on the post-thaw sperm motility related parameters (Mean=SE)
Item n Total Motil Progressive Motil Rapid Motil Medium Motil Slow Motil
(%) (%) (%) (%) (%)
181l 15 58.0+2.1% 44.5+1.9 36.6£1.7° 15.4+1.0° 6.0£0.4
BN 15 68.2+3.0° 48.3+2.8*® 40.2+2.3° 19.4+1.6* 8.7£0.9
12 15 64.3+2.6%¢ 51.5+2.3%® 42.3+2.1° 14.8+1.3* 7.2£0.8
1828 15 69.4+2.4* 49.9+2.2%® 44.2+1.9® 16.7+1.4* 8.5£0.8
13} 15 54.8+2.8° 45.3+2.4% 42.2+2.2° 5.9+0.7° 6.7£0.8
ESIE] 15 65.5+2.4% 54.2+2.0° 50.9£2.0° 7.8+0.9° 6.7£0.5
Total 90 63.4+1.2 49.0+1.0 42.7+0.9 13.3+0.7 7.3£0.3
b< Different letters in the same column at post-thaw stage indicates significant difference between groups (P<0.05); E1: Tris based extender
(Tris 2.71 g, D-Fructose 1.4 g, Citric acid 1.0 g, 20% eggyolk, Trehalose 50 mM); E1E: E1 + Equex at a ratio of 0.75% v/v; E2: Tris based
extender + 1 mM Cystein; E2E: E2+ Equex at a ratio of 0.75% v/v; E3: Skim Milk Powder (SMP); E3E: E3 + Equex at a ratio of 0.75% v/v
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Table 2. The effect of Equex on the post-thaw kinematics in different extenders (Mean=SE)
Item n LIN STR VCL VSL VAP WOB ALH
12l 15 58.7+1.6® 67.0+1.8* 98.6+1.5° 55.4+1.8% 5,781 5 86.4+0.6* 2.5+0.1¢
EAE 15 55.1+1.8% 63.8+1.8% 93.2+1.4° 49.4+2.3b 80.5+1.8° 85.5+0.8* 2.4%0.0¢
1872 15 61.6+1.7* 70.6+1.8* 97.0+1.6° 58.8+2.1* 84.5+2.0% 85.9+0.9* 2.4+0.1¢
1218 15 49.4+1.8% 58.2+1.9° 94.5+1.5° 44.5+1.8° 80.5+2.0° 84.4+1.0* 2.6%0.1¢
E3 15 44.4+1.2% 58.1+1.2° 134.0£2.6* 55.6+1.8% 101.3£2.2* 74.5+0.6° 4.2+0.1°
ESIH] 15 41.6+1.2¢ 59.9+1.9° 132.4£1.8* Bl DTl SFE 91.1+£2.7° 68.8+1.3¢ 4.6+0.1*
Total 90 51.8+1.0 62.9+0.9 108.3£2.0 52.5+0.9 87.3+1.1 80.9+0.8 3.1+0.1
sbede Different letters in the same column at post-thaw stage indicates significant difference between groups (P<0.05); E1: Tris based extender (Tris 2.71 g
D-Fructose 1.4 g Citric acid 1.0 g, 20% eggyolk, Trehalose 50 mM); E1E: E1 + Equex at a ratio of 0.75% v/v; E2: Tris based extender +1 mM Cystein; E2E: E2 +
Equex at a ratio of 0.75% v/v; E3: Skim Milk Powder (SMP); E3E: E3 + Equex- at a ratio of 0.75% v/v

The effects of Equex on the post-thaw sperm motility-
related parameters in different extenders are presented
in Table 2. In general, there was no statistical difference
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Fig 1. The percentage (%) of sperm with live and intact acrosome
parameters at post-thaw stage. *: The difference between groups at post-
thaw stage is significant (P<0.05); E1: Tris based extender (Tris 2.71 g,
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D-Fructose 1.4 g, Citric acid 1.0 g, 20% eggyolk, Trehalose 50 mM); E1E:
E1+ Equex at a ratio of 0.75% v/v; E2: Tris based extender + 1 mM Cystein;
E2E: E2+ Equex at a ratio of 0.75% v/v; E3: Skim Milk Powder (SMP);
E3E: E3 + Equex at a ratio of 0.75% v/v
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Fig 2. The percentage (%) of sperm with polarized mitochondria at post-
thaw stage. Polarized mitochondria is a sperm with high fluoroscense
(with Aym high). **<: The difference between groups at post-thaw stage
is significant (P<0.05); E1: Tris based extender (Tris 2.71 g, D-Fructose
1.4 g, Citric acid 1.0 g, 20% eggyolk, Trehalose 50 mM); E1E: E1+ Equex
at a ratio of 0.75% v/v; E2: Tris based extender + 1 mM Cystein; E2E: E2+
Equex at a ratio of 0.75% v/v; E3: Skim Milk Powder (SMP); E3E: E3 +
Equex at a ratio of 0.75% v/v
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Fig 3. An example for the dotplots of flow cytometer analyses. A- Flow
cytometry analyses of one experiment showing cells sorted dotplots using
Easy kit-2 (mitochondrial activity). Polarized mitochondria is a sperm
with high fluoroscense (with Aym high). At the right dotplot; Orange
population; Polarized mitochondria/High Mitochondrial Potential, Green
population; Depolarized mitochondria/Low Mitochondrial Potential; B-
Flow cytometry analyses of one experiment showing cells sorted dotplots
using Easy kit-5 (viability & acrosome integrity). At the right dotplot;
Green population: Viable and intact acrosome, Orange population: Dead
and intact acrosome, Red population: Dead and damaged acrosome, Blue
points: Viable but damage acrosome

between TM, PM, and slow progressive motility of Equex
supplemented groups except for medium and rapid
progressive motility (P<0.05). The medium progressive
motility of the E3E group was lower and rapid progressive
motility was higher than the E1E and E2E groups (P<0.05).

The post-thaw mitochondrial activity and live sperm
with intact acrosome in function of extender and Equex
are represented in Fig.I, Fig. 2. The extenders ingredients
affected post-thaw percentage of sperm with polarized
mitochondria and live sperm with intact acrosome.
The post-thaw percentage of sperm with polarized
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mitochondria and live sperm with intact acrosome of
Tris based extender groups (E1 and E2) was higher than
that of skim milk based extender group (E3) (P<0.05).
It was observed that Equex addition resulted in higher
post-thaw live sperm with intact acrosome rates in E1E
(proportional), E2E (proportional) and E3E (significant,
P<0.05) groups. While the addition of Equex decreased
the post-thaw polarized mitochondria rates in the tris
based diluent groups (E1E and E2E), it increased in the
milk-based extender group (E3E) (P<0.05).

There was an interaction between extenders ingredients
and post-thaw sperm LIN and STR (7Table 2). The LIN and
STR of the E1 and E2 groups were better than that of the E3
group (P<0.05). The Equex supplementation of freezing
extender decreased sperm LIN and STR all groups. There
was a significant decrease in LIN and STR of the E2E
group compared to the E2 group (P<0.05). The post-thaw
VCL, WAP and ALH of skim milk based extender group
(E3) were higher than that of tris based extender groups
(E1 and E2) (P<0.05). The Equex addition was decreased
post-thaw VCL, VSL, VAP and WOB values. The ALH
values of skim milk based extender groups (E3 and E3E)
were higher than that of all the tris based extender groups
(P<0.05).

Di1sCUSSION

In the present study, we investigated the effect of Equex
in different laboratory prepared extenders to preserve
sperm quality during freeze-thawing. We evaluated sperm
motility and motion parameters, live sperm with intact
acrosome integrity, and mitochondrial activity. The mean
volume of the pooled semen (4.7 mL), the percentage of
motile sperm (89.6%), the percentage of progressively
motile sperm (75.4%) and the sperm concentration (4.3
x 10° spermatozoa/mL) were similar to the results of
previous studies [51%3536],

The ingredients of extenders interact with different parts
of spermatozoa leading to osmotic and toxic stresses
and inducing biochemical changes in cell metabolism
immediately after dilution ****], Semen extenders provide
energy for maintaining sperm motility ®\. As expected,
the diluted sperm had slightly higher TM and PM than
the pooled semen. There were no differences between
the mean TM, PM, and live sperm with intact acrosome
parameters in the different extenders (E1, E1E, E2, E2E,
E3, E3E) after dilution, cooling, and equilibration.

The freeze-thaw process can damage spermatozoa,
causing unfavorable changes in their membrane lipid
composition, acrosome status, motility, motion parameters,
morphology, and viability **4. In our study, freeze-thaw
process resulted in reduced TM (P<0.01), PM (P<0.01)
and live sperm with intact acrosome rate (P<0.001) in
all groups. So many studies have been conducted using

different semen extenders and additives for protecting ram
sperm fertilizing ability during freeze-thawing process €.,
Tris and Test buffers have been commonly incorporated
into extender and help in sustaining sperm motility and
fertilizing ability . In addition, skim milk and egg
yolk based extenders are widely used for preserving ram
semen 7% In liquid storage of ram semen, usage of
the skim milk-based extender is superior to Tris-based
extender . The Tris based extender groups (E1 and
E2) resulted in higher post-thaw TM (P>0.05), and live
sperm with intact acrosome compared to the skim milk
based extender (E3) group (P<0.05). For the post-thaw
progressivity related parameters (PM, Rapid, Medium and
Slow), there was no difference between groups except E3
medium progressivity (P<0.05).

Equex addition to the extender (0.7 percent Equex in Fiser’s
extender) improves post-thaw ram sperm motility 4.
It acts as an emulsifier to the egg yolk particles of the
extender, and promotes the cryoprotective effect by
facilitating the interaction of egg yolk proteins with the
sperm plasma membrane 2. Spermatozoa change
their behaviour in response to environmental changes
and storage. Therefore, it is likely that obtained changes
in the sperm motions pattern, reflect the distinctions of
the process **. The addition of Equex in semen freezing
extenders increased post-thaw TM, rapid medium and
slow progressive motility numerical in E1E and E2E
groups, and significantly in E3E (P<0.05) group.

Sperm motility and membrane integrity are positively
correlated with sperm fertilization ability “*. The extender
ingredients and freeze-thaw process modify the structure
of the sperm cell membrane that results in mitochondrial
damage, and alters the metabolic functions of spermatozoa
by reducing the ATP-producing capacity of mitochondria /..
In our study, post-thaw sperm polarized mitochondria
was higher in Tris based extender (E1 and E2) than skim
milk based extender (E3) (P<0.05). Equex acts as a non-
permeating cryoprotectant agent 2. For the Equex
supplemented groups, post-thaw polarized mitochondria
rates in the milk-based extender group (E3E) was higher
than Tris based extender groups (E2E) (P<0.05). This
could be explained by the fact that Equex facilitates the
interaction of milk powder proteins such as egg yolk
proteins with the sperm plasma membrane ['42],

The sperm plasma and acrosome membrane integrity
is necessary to maintain sperm functionality during
storage and also in the female reproductive tract *. It was
observed that live sperm with intact acrosome in Tris-
based extender groups (E1 and E2) was higher than in
the skim milk based extender group (E3) (P<0.05). The
mechanism whereby Equex exerts its protective effect
on the sperm remains unclear *l. The active ingredient
of Equex is sodium dodecyl sulfate (SDS), which has a
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detergent property. SDS is known to have a toxic effect
on sperm membranes and viability in bull ®!. Extender
supplementation with Equex has been reported to promote
the post-thaw recovery of motile sperm and intact
acrosome in ram B and cat epidymal spermatozoa **I.
Equex addition resulted in higher post-thaw live sperm
with intact acrosome rates in E1E (proportional), E2E
(proportional) and in E3E (significant, P<0.05) groups.

When assessing the potential fertilizing capacity of sperm,
it is imperative to keep in mind that each spermatozoon
is a multi-compartmental cell required to have various
features in order to fertilize an oocyte ¢l For many years,
the CASA analysis has been one standard in the laboratory
for motility and kinematic parameter assessment 7). There
was an interaction between extender ingredients and post-
thaw sperm LIN and STR parameters in our study. The
LIN and STR of the tris based extenders groups (E1 and
E2) were higher than the skim milk based extender group
(E3) (P<0.05). The Equex supplementation of the freezing
extender decreased sperm LIN and STR in all groups. In
addition, Equex decreased post-thaw VCL, VSL, VAP and
WOB values. These results might be due to the increased
osmotic environment and the altered sperm membrane
functional integrity by the Equex.

Sperm kinematic parameters such as VCL, VSL, ALH,
VAP, LIN, STR and WOB are associated with fertility 454,
The post-thaw VCL, WAP and ALH of skim milk based
extender (E3) were higher than tris based extender groups
(E1 and E2) (P<0.05). Sperm velocity-related parameters
are an indirect indicator of mitochondrial function ** and
fertility . It was observed that there was a decreasing
tendency in sperm velocity parameters of all Equex-
supplemented groups.

As a result of our study, it was concluded that there is an
interaction between Equex and extender ingredient. The
addition of Equex to sperm extenders positively affected
post-thaw sperm quality in all groups, but this positive
effect was more evident in skim milk-based extender than
in tris-based extender. For the tris-based extender groups,
the positive effect of Equex addition was less evident in
the cystein-containing group (E2E).
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INTRODUCTION

Abstract

In this study, we investigated the balsamic contents, total phenolic contents, flavone-
flavonol contents, and flavanones-dihydroflavonols contents, and antimicrobial effects
of seven geopropolis samples produced by four neotropical stingless bee species:
Venezuelan Melipona favosa, and Bolivian M. grandis, Scaptotrigona depilis, S. polysticta.
The balsamic content value was found highest in the sample of S. polysticta (sample 7)
collected from Bolivia, highest total phenolic content in M. favosa geopropolis (sample
1) from Venezuela, highest flavone-flavonol content in M. favosa geopropolis (sample 2)
collected from Venezuela and highest flavones-dihydroflavonols content in S. polystica
(sample 7) from Bolivia. As a result, except for balsamic content values, other investigated
values were lower compare to the previous researches about different stingless bee species
geopropolis. This is proved that climatic conditions, bee species and collecting area
affected the chemical content of geopropolis significantly. The antimicrobial findings
indicated that the examined geopropolis extracts displayed different degrees of inhibition
against the growth of Gram-positive bacteria and fungi, which correlated with their
phenolic contents. Nevertheless, these extracts did not demonstrate a comprehensive
inhibitory effect on Gram-negative bacteria. Standardized geopropolis samples, rich
in phenolic content, can complement antibiotics naturally for preventing and treating
infections from Gram-positive bacteria and Candida albicans. However, further studies
are still needed regarding the clinical applications of geopropolis in various infections.

Keywords: Geopropolis, Melipona favosa, Melipona grandis, Scaptotrigona depilis,
Scaptotrigona polysticta, Antimicrobial activity, Phytochemicals

In tropical and subtropical regions worldwide, there are 56
genera and 605 species of stingless bees 4. It was found

Plants produce resinous secretions from various parts
such as buds, bark, flowers, and fruits, to protect against
microbial clay and provide thermal isolation. This
resinous substance collected by honey bees and processed
with digestive enzymes and beeswaxes is called propolis.
It is used for various functions in the stingless bee nest 1.

Geopropolis, generated by some species of stingless bees
belonging to the Meliponini tribe, represents a distinct
variety of propolis. Stingless bees produce geopropolis
by combining the plant resinous substances with wax,
digestive enzymes, and soil. On the other hand, there is no
soil in the propolis produced by Apis mellifera >4,

that more than some 500 species are in the Neotropical
region and 259 species in Brazil .

The stingless bee species Melipona favosa is an important
species for Venezuela, living in the plains and along the
coastlines of the country. This gentle stingless bee species
is locally known as “erica” and “maba.” These bees typically
construct their nests in trees, on walls, and on fence
posts, and are managed in hives by traditional stingless
beekeepers [®l.

Stingless bees are social insects like honey bees, they also
produce honey, pollen, beeswax, and cerumen besides

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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geopropolis. Furthermore, they are very important
pollinators of many crops like, lychee, avocado, macadamia,
mango, coffee 2. For these reasons stingless bees are
used locally and beekeping with stingless bees is called
meliponiculture ).

Meliponiculture is an industry that develops in tropical
countries and holds high economic value due to the
increased productivity of agricultural products through
pollination services. It also allows for the extraction of
commercially valuable products like beeswax, pollen,
propolis, and royal jelly. Therefore, meliponiculture
is a valid activity that can generate income for local
communities in the Amazon region 3,

Propolis has many functions in the beehive, such as thermal
isolation, closing the holes crevices, and disinfection of the
hive with its antimicrobial effects 'l Also, the geopropolis
is using for has similar functions in the hive by stingless
bee nest.

Geopropolis, similar to propolis, possesses a highly
complex and variable chemical composition, which is
influenced by factors like flora, climate, and the species
of bees ", Studies have shown that geopropolis is rich
in many components such as phenolic acids, flavanoids,
terpenes, fatty acids and steroids, organic acids and
alcohols 71*19 Thanks to these compounds, antibacterial,
antifungal, cytotoxic, antioxidant effects have been
reported to have a very therapeutic effect '],

By this study, we aimed to investigate the balsamic, total
phenolic, flavone-flavonol, flavanone-dihydroflavonol
contents and antimicrobial effects of geopropolis collected
from Venezuela and Bolivia that are collected by M. favosa,
M. grandis, Scaptotrigona depilis, S. polysticta.

MATERIAL AND METHODS

Geopropolis Samples

Several geopropolis samples from various stingless bee
species were gathered in different regions from Bolivia
and Venezuela (Table 1).

Table 1. Countries where samples collected and Stingless bee species and
countries of origin of propolis samples
Sample No Stingless Bee Species Country
1 Melipona favosa Venezuela
2 Melipona favosa Venezuela
3 Melipona favosa Venezuela
4 Melipona grandis Bolivia
5 Scaptotrigona depilis Bolivia
6 Scaptotrigona depilis Bolivia
7 Scaptotrigona polysticta Bolivia

Stingless bee samples were collected using isopropyl alcohol,
dried at ambient temperature, prepared using tissues in
rigid plastic boxes, and entomological identifications were
conducted.

The propolis samples were obtained through collaboration
with Apitherapy and Bioactivity (APIBA), University
of the Andes, Mérida, Venezuela. M. favosa propolis
was collected from the Paraguana Peninsula. Paraguana
Peninsula is located in the north of Falcén State,
alongside the Caribbean Sea. It is one of the driest areas
in Venezuela, situated within an arid and semi-arid
bioclimatic environment, characterized by strong winds
and an average annual precipitation of about 340 mm. It is
a xerophytic area of about 3.405 km?* with almost entirely
arid soil. Cerro de Santa Ana 830 masl is surrounded by
predominant plains with savannah xerophytic vegetation.
The geopropolis samples of M. favosa were collected at
Cerro Santa Ana piedmont from the meliponary of the
Agenda Petroleo Project.

M. grandis, S. depilis, and S. polysticta propolis were
collected from the Amboré National Park in Bolivia at
the beginning of the winter season. Amboré National
Park covers 636.000 hectares from 320 to 3.300 masl,
located in the eastren lowlands of Bolivia, near to San
Carlos, with high biodiversity of the Bolivian Amazonian
Forest. Environmental problems are timber trafficking
and illegal coca cultivation. Geopropolis samples were
collected near to Pirai river, from the stingless bee keepers
of the sustainable meliponiculture project promoted by
the Ecological Association of the East (ASEO), and the
Association of Native Honey Producers (APROMIN).
The geographical localization of the stingless bee nests
producing the collected geopropolis samples is shown
in Fig. 1.

Propolis Extraction

The extraction of propolis was conducted following the
method outlined by Popova et al.l'”). Initially, propolis was
shredded, and a 1-gram sample of propolis powder was
combined with a 70% ethanol solution (Merck, Germany).
After the dilution process, an ultrasound bath treatment

Fig 1. The geographical localization of the collected geopropolis samples
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was conducted with a 300 W ultrasonic bath (ISOLAB,
Germany, model: 621.05.022s). Subsequently, The blend
was filtrated using Whatman No. 4 filter paper (Millipore,
USA), and the remaining solid residue underwent a
second extraction. After this step, the ethanol extracts
were combined and diluted to a final volume of 100 mL
using 70% ethanol.

Balsamic Content

Three parallel extracts were arranged for each crude
sample using 70% ethanol. Two milliliters from each
extracts were evaporated until they reached a consistent
weight after drying. The ethanol-soluble fraction was used
to calculate the proportions of balsam in the extracts. The
mean of these values was determined [ and expressed as
a percentage (%).

Estimation of Total Polyphenol Content by Folin-
Ciocalteu Colorimetric Method

The Folin-Ciocalteu colorimetric method, as outlined by
Slinkard and Singleton ¥, was employed to determine
the total polyphenol content in the ethanolic extract of
propolis (EEP). Absorbance measurements were recorded
at 760 nm utilizing a UV-VIS spectrophotometer
(Genesys 10S UV-VIS Spectrophotometer). For the
calibration curve, gallic acid served as the standard. The
total content of the extracts was quantified by comparing
the results with a calibration curve established with gallic
acid as the standard (r’=0.997) and stated as milligrams of
gallic acid equivalents (GAE) per gram of propolis extract
(mgGAE/g). Each extract was measured three times for
accuracy.

Flavone and Flavonol Content

The analysis of flavone and flavonol content followed
the procedure outlined by Popova et al.'”l. Absorbance
measurements were recorded at 425 nm using a UV-VIS
spectrophotometer (Genesys 10S UV-VIS Spectro-
photometer). Calibration was carried out with quercetin as
the reference compound (r?=0.999). Three measurements
were conducted for each extract, and the results were
expressed as a percentage (%).

Flavanone and Dihydroflavonol Content

For the analysis, 1 mL of the extract was combined with 2
mL of a DNP (2,4-dinitrophenylhydrazine) solution. The
DNP solution was rearranged by dissolving 1 g of DNP
in 2 mL of 96% sulfuric acid, consequently, the mixture
was diluted to a final volume of 100 mL with methanol
using a volumetric flask. The blend was then subjected
to heating at 50°C during 50 min. Upon reaching room
temperature, the solution was further diluted to 10%
KOH in methanol. Afterward, 0.5 mL of the resultant
solution was introduced into 10 mL of methanol, followed

Table 2. Bacterial and fungal strains tested for propolis bioactivity
Agent Microorganisms
Staphylococcus aureus ATCC 29213
Gram positive Methicillin-Resistant Staphylococcus aureus (MRSA)
bacteria NCTC 10442
Enterococcus faecalis ATCC 29212
Escherichia coli ATCC 25922
Gram negative Klebsiella pneumoniae ATCC 13883
bacteria Pseudomonas aeruginosa ATCC 27853
Acinetobacter baumannii ATCC 19606
Fungi Candida albicans ATCC 10231

by additional dilution to achieve a final volume of 25 mL
with methanol. The absorbance was measured at 486 nm
employing a UV-VIS spectrophotometer (Genesys 10S
UV-VIS Spectrophotometer). Calibration was conducted
with naringenin serving as the reference compound.
Three measurements were taken for each extract ') and
expressed as a percentage (%).

Antimicrobial Activity Assay

The test organisms employed in the study are detailed in
Table 2. Before the research commenced, all strains were
stored and preserved through cryopreservation at -86°C
in the Microbiology Laboratories of Giilhane Faculty of
Medicine. Bacterial strains were cultivated on 5% Sheep
Blood Agar (RTA Labs, Gebze, Tiirkiye) at 37°C for 24
h, whereas yeasts were cultured in RPMI-1640 medium
(Thermo Fisher Scientific, USA) at 25°C for 48 h. Propolis
extracts, diluted in 70% ethanol, were subjected to broth
microdilution assays to ascertain their Minimal Inhibitory
Concentration (MIC) values, in accordance with the
guidelines outlined by the Clinical and Laboratory
Standards Institute (CLSI) standart M7-A9 and M27-A3.

Briefly, the ethanolic extracts of propolis (EEP) were
prepared with two-fold serial dilutions in Mueller Hinton
Broth (RTA Labs, Gebze, Tiirkiye), and then transferred
to the wells of U-bottom microdilution plates. Bacterial
and fungal inoculum suspensions were adjusted to
final concentrations of 10° CFU/mL and 10* CFU/mL,
respectively, and dispensed into microdilution wells
containing various concentrations of EEP in 20 pL.
Afterward, microdilution plates inoculated with bacteria
were incubated in a 37°C incubator for 24 h whereas
those inoculated with Candida albicans were kept at
25°C for 48 h. Positive controls were established using
Meropenem (Sigma-Aldrich, USA) for bacteria and
Fluconazole (Sigma-Aldrich, USA) for fungal strains. In
each experiment, a positive control and a negative control
and ethanol control (2% ethanol) were used. The Minimal
Inhibitory Concentration (MIC) was determined as the
lowest concentration of each extract that inhibited visible
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growth of microorganisms. The Tetrazolium/formazan
test (TTC) was used to evaluate the viability of the tested
microorganisms ?°). The experiments were conducted in
triplicate, and the outcomes were reported in mg/mL.

Statistical Analysis

The statistical analysis was conducted with Statistical
Package for Social Sciences (SPSS) Version 25 (SPSS,
Inc.). The normal distribution suitability of variables was
assessed through the Shapiro-Wilk and Kolmogorov-
Smirnov tests, skewness and kurtosis values, histogram
graphs, and decisions were made based on mean *
standard deviation and median values. If the p-value was
below 0.05, it was interpreted as “significant” Spearman
correlation analysis was performed to assess the
correlation of numerical data that does not conform to
normal distribution. Likewise, the Mann-Whitney U test
was employed to compare numerical data between groups
that do not conform to normal distribution.

RESULTS

In this study, balsamic contents, total phenolic contents,
flavone-flavonol contents, flavanone-dihydroflavonol
contents, and antimicrobial effects of seven geopropolis
samples belonging to four stingless bee species (M. favosa,
M. grandis, S. depilis, S. polysticta) collected from Bolivia
and Venezuela were analyzed.

According to our results, the balsamic content of
geopropolis samples ranged from 3.33% to 30.15% (Table
3). The maximum value was found in geopropolis of S.
polysticta stingless bee species collected from Bolivia.

While the maximum flavone and flavonol content
(0.89£0.01) was detected in the geopropolis (sample 2)
belonging to the M. favosa stingless bee species collected
from Venezuela, no flavone and flavonol content was
found in samples 4 M. grandis and 7 S. polysticta (Table 3).

Although theflavone-dihydroflavonol contents of geopropolis
collected from Bolivia varied between 2.02+0.01 and
7.43+0.01, no flavanone and dihydroflavonol contents
were detected in geopropolis collected from Venezuela
(Table 3).

In our study, we determined total polyphenol content
according to Folin-Ciocalteu colourimetric method
Slinkard and Singleton " and we found values between
1.66+0.00 and 16.73£0.00 mgGAE/g. The highest total
phenolic value was determined to be 16.73 mgGAE/g,
and it is associated with sample number 1 derived from
M. favosa. The lowest total total phenolic content value
was found to be in 1.66 mgGAE/g belong to the sample 3
collected by M. favosa.

The antimicrobial effect of seven geopropolis extracts
obtained from four stingless bee species was tested against
Gram-negative bacteria (Escherichia coli, Klebsiella

Table 3. Bee species, and analytical results
S TTE R [ Balsamic Total Phenolic Flavone and Flavonol Dihycfl}zﬁzr\lrzzf;:?}dontent
Content% | Content (mgGAE/g) Content (%) (%)

1 Melipona favosa 4.33 16.73+1.36 0.62+0.01 -

2 Melipona favosa 3.50 6.93+0.01 0.89+0.01 -

3 Melipona favosa 6.16 1.66+0.01 0.49+0.01 -

4 Melipona grandis 15.66 12.44+0.01 - 2.02+0.01

5 Scaptotrigona depilis 3.33 2.13+0.009 0.12+0.06 3.07+0.01

6 Scaptotrigona depilis 22.99 8.59+0.01 0.2540.02 4.25+0.01

7 Scaptotrigona polysticta 30.15 5.91+0.01 = 7.43£0.01
Table 4. Minimum inhibitory concentration (mg/mL) for the studied microorganisms
S E. coli K. pneumonia | P. aeruginosa | A. baumannii | S. aureus MRSA E. faecalis C. albicans

ATCC 25922 | ATCC 13883 | ATCC 27853 | ATCC 19606 ATCC 29213 |NCTC 10442 | ATCC 29212 ATCC 10231

PROPOLIS 1 >41 >41 >41 >41 5.125 5.125 5.125 5.125
PROPOLIS 2 >41 >41 >41 >41 5.125 5.125 10.25 5.125
PROPOLIS 3 >41 >41 >41 >41 10.25 10.25 20.5 20.5
PROPOLIS 4 >41 >41 >41 >41 5.125 5.125 10.25 10.25
PROPOLIS 5 >41 >41 >41 >41 20.5 20.5 20.5 20.5
PROPOLIS 6 >41 >41 >41 >41 5.125 5.125 5.125 10.25
PROPOLIS 7 >41 >41 >41 >41 10.25 10.25 10.25 5.125
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Table 5. Statistical analysis between geographical region and balsamic content, total phenolic content and antibacterial effect
Variables n\:/c;n(e 422“ ;{,2) n=éli‘z15i;.ir %) P-Value*
Balsamic content (%) 4.33 (3.50-6.16) 19.33 (3.33-30.15) 0.400

Total phenolic content, (mngGAE/g) 6.93 (1.66-16.73) 7.25 (2.13-12.44) 1.000

S. aureus (ATCC 29213) MIC (mg/mL) 5.13 (5.13-10.25) 7.69 (5.13-20.50) 0.629

MRSA (NCTC 10442) MIC (mg/mL) 5.13 (5.13-10.25) 7.69 (5.13-20.50) 0.629

E. faecalis (ATCC 29212) MIC (mg/mL) 10.25 (5.13-20.50) 10.25 (5.13-20.50) 1.000

C. albicans (ATCC 10231) MIC (mg/mL) 5.13 (5.13-20.50) 10.25 (5.13-20.50) 0.629
*Mann-Whitney U test, Data are expressed as median (min-max)

Since no antibacterial effect was detected on Gram-negative bacteria, it was not included in the analysis

pneumoniae, Pseudomonas aeruginosa, and Acinetobacter
baumannii), Gram-positive bacteria (Staphylococcus aureus,
Methicillin-resistant Staphylococcus aureus (MRSA), and
Enterococcus faecalis), and the fungus C. albicans. The
MIC values for the tested microorganisms ranged from
5.125 to >41.0 mg/mL. Detailed findings are provided in
Table 4. The propolis sample obtained from the stingless
bee M. favosa (sample 1) exhibited significant and broad-
spectrum antimicrobial activity, primarily attributed
to its high phenolic content. Remarkably, geopropolis
extracts demonstrated increased sensitivity against
Gram-positive bacteria and fungi when compared to
Gram-negative bacteria. The strains S. aureus ATCC
29213 and MRSA NCTC 10442 proved to be the most
susceptible microorganisms, with minimum inhibitory
concentrations ranging from 5.125 to 20.5 mg/mL.

The Spearman correlation analysis revealed a statistically
significant high degree of negative correlation between
the total phenolic content and MIC values of S. aureus,
MRSA, and E. faecalis strains (r=-0.837, P=0.019;
r=-0.837, P=0.019; r=-0.850, P=0.015, respectively).
Simultaneously, a statistically significant high degree of
positive correlation was found between the MIC value of E.
faecalis and the MIC values of S. aureus and MRSA strains
(r=0.791, P=0.034; r=0.791, P=0.034, respectively). No
statistically significant correlation was detected between
balsamic content, total phenolic content, and MIC values
of the strains. In the regional comparison conducted, no
statistically significant difference was observed concerning
balsamic content, total phenolic content, and MIC values
(Table 5).

Di1scusSION

Propolis, also known as bee glue, is a sticky substance
used by bees as a hygienic building material in their
hives, derived from a mixture of insect secretions and
plant resins. Numerous studies have demonstrated
various pharmacological activities of propolis, including
antimicrobial, anti-inflammatory, anticancer, antioxidant,
hepatoprotective, cytotoxic, and immunomodulatory

properties. The majority of these pharmacological activities
are generally attributed to propolis produced by A.
mellifera, the most widespread bee species worldwide 2122,

Nevertheless, the chemical composition and pharmaco-
logical activities of geopropolis, produced by stingless
bees, commonly referred to as meliponines, have been
inadequately explored in existing research. Unlike
honeybees, some stingless bees mix their propolis with
clay or soil, resulting in a softer resinous material known
as geopropolis. Despite the compositional differences,
geopropolis exhibits similar effects to A. mellifera propolis !,

The geographical features and bee species significantly
influence the chemical and biological characteristics of
geopropolis. Geopropolis contains fatty acids, organic
acids, sugars, alcohols, steroids, as well as polyphenolic
compounds, triterpenes, and saponins .

In this study, seven geopropolis samples from four
bee species collected from Venezuela and Bolivia were
examined for their balsamic, total phenolic, flavone-
flavonol, flavone-dihydroflavonol contents, and anti-
microbial effects.

In our study, the balsamic content of geopropolis collected
from Venezuela was generally found to be low. The
balsamic content of all geopropolis samples ranged from
3.33% to 30.15%. In the literature, there is no available
data regarding the balsamic content of geopropolis. When
comparing our results with A. mellifera propolis, it is
observed that the geopropolis fall within the lower range
of balsamic content seen in A. mellifera propolis but do
not reach the higher levels. In a study on poplar-type
propolis from different geographic regions, 114 samples
were investigated, and the minimum value was reported
as 18%, the maximum value as 82%, and the mean value
as 57% 7. In contrast, our mean value is only 11.6%. It
is evident that the balsamic content of geopropolis is
significantly lower than that of propolis caused by the
admixture with clay, a material without balsamics.

The reason of this diferrences is caused probably from
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the source of geopropolis. While the source of propolis is
resins of plants, the source of geopropolis is both resin and
soil. Owing to this feature, geopropolis can include resin
in lower ratios compare to the propolis of A. mellifera. As
a result of lower resin, it has lower balsamic content than
propolis of A. mellifera.

The total phenolic content of geopropolis samples
ranged from 1.66+0.00 to 16.73+0.00 mgGAE/g. At in
previous studies, total phenolic content of geopropolis
samples belong to the M. fasciculata geopropolis was
found between126.60+0.84 and 631.26+4.22 mgGAE/g,
geopropolis of M. orbigny between 211.0£7.5 and 23+1.0
QE/100 g, and geopropolis of M. scutellaris as 620.01+6.45
mgGAE/g ['>1624],

Compared to the previous researches, our results for
total phenolic contents are so lower. This can be sourced
from bee species, climatic conditions, flora of the location
geopropolis where plant resins were collected.

As a result of literature scanning search, we can say that
researchers invetigated the total phenolic contents of
geopropopolis collected by M. fasciculata, M. orbigny, M.
fasciolata, M. scutellaris but there is no any data about the
total phenolic content of M. favosa, M. grandis, S. depilis,
S. polysticta geopropolis. In this case our results will be the
first data for these stingless bees species.

Similar to the balsamic content, there is no any information
available about flavone-flavonol and flavanones-dihydro-
flavonols contents of geopropolis. The previous researches
about geopropolis were mostly based on its total phenolic
content. Geopropolis has a very rich chemical content,
especially phenolic content affected the antioxidant
capacity in a positive way.

Researches about biological activities of geopropolis
evaluated that geopropolis has also so many bioactivities
as propolis, due to its phytochemical content (benzoic
acids, dihydrocinnamic acids, cinnamic acids prenylated
coumaric acids, diterpenic acids, aliphatic acid and
esters, alcohols, aromatic acids, hydrocarbons, terpenes
triterpenic alcohols, and sugars). The presence of these
chemical compounds shows differences between samples,
and this variability is probably caused by different
from bee species "I, It was shown that M. fasciculata
geopropolis, contains fatty acids, organic acids, sugars,
alcohols, steroids gallic acid, elagic acid and hydrolyzable
tannins and due to these compound it has antiviral,
anticarcinogenic, anti-inflammatory and antioxidant
properties '#*#2¢]_ The absence of detailed phytochemical
analyses in our study, which would have provided a
comprehensive demonstration of the components
responsible for biological activity in geopropolis samples
collected from two different regions, can be considered a
limitation of the study.

Geopropolis, which differs structurally from propolis with
no soil, shows physicochemical differences too. Compared
to chemical content, it is known that geopropolis
contains much lesser phenolic acid than propolis 7.
This explains that geopropolis has lower antioxidant
and antimicrobial activity than propolis. There is a need
for comprehensive research comparing the antioxidant
and antimicrobial activities of propolis and geopropolis,
as well as investigating their anticarcinogenic, anti-
inflammatory, analgesic, antidepressant, anxiolytic, and
immunomodulatory effects. Such studies would help
identify the specific components responsible for these
effects.

In our research, we evaluated the antimicrobial efficacy of
ethanol extracts derived from seven geopropolis samples
collected from four stingless bee species. The testing
included Gram-negative and Gram-positive bacteria,
along with reference strains of C. albicans. Specifically,
it was noted that geopropolis extracts displayed increased
sensitivity against Gram-positive bacteria and fungi
compared to Gram-negative bacteria. The antibacterial
effect of geopropolis samples on Gram-positive bacteria
was found to be dependent on phenolic contents. However,
it was determined that there was no positive correlation
between antibacterial effect, balsamic content, and the
geographical region and bee species from which they were
collected.

Previous studies have consistently noted the resistance
of Gram-negative bacteria to ethanol extracts of propolis
compared to Gram-positive bacteria, attributed to
differences in their cell wall structures '?»*32 The
antimicrobial activity studies have demonstrated that the
antibacterial effect of propolis types on Gram-positive
bacteria is strongly linked to the content of propolis,
and it can vary widely with a broad range of MIC values
(between 6 and 20000 pg/mL) #**. However, the MIC
values we determined for the geopropolis extracts tested
in our study may be found to be relatively high when
compared with other research on the antimicrobial
activity of geopropolis. This inconsistency could be
attributed to the relatively low phenolic content present in
our geopropolis samples, which plays a significant role in
antimicrobial activity.

In our prior study investigating the antimicrobial activity
of pollen samples, we observed that pollen extracts
exhibited no activity against the C. albicans ATCC 10231
strain B Interestingly, conversely, geopropolis extracts
exhibited the capacity to hinder the growth of C. albicans,
with MIC values ranging from 5.125 to 20.5 mg/mL.
Previous research has indicated that geopropolis extracts
possess antifungal activity at MIC values ranging from 1
to 3.4 mg/mL 222323538 However, a more comprehensive
phytochemical analysis is warranted to identify the active
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metabolites responsible for the antifungal effects of
geopropolis.

Completely natural and non-toxic propolis is not only
used in traditional and complementary medicine but is
also widely utilized in various applications such as food,
functional foods, pharmaceuticals, livestock, cosmetics,
and particularly in oral health practices in dentistry,
thanks to its effective antibacterial properties (22341,
However, the low water solubility of propolis limits its use
in several other areas. It has been shown that propolis has
the capacity to enhance the effectiveness of antibacterial
agents, exhibiting a synergistic effect with antibiotics,
allowing for high antimicrobial efficacy at low doses !,

Based on these findings, we believe that standardized
geopropolis samples with high phenolic content could
serve as a natural complement to antibiotics in the
prevention and/or treatment of infections caused by
Gram-positive bacteria and C. albicans. Additionally, the
statistically significant positive correlation found among
the MIC values of Gram-positive bacterial standard strains
in our study suggests that geopropolis samples could
be used in the treatment of mixed infections involving
Gram-positive bacteria. Nevertheless, additional research
is required to investigate the clinical applications of
geopropolis in various infections. In particular, evaluating
clinical strains with different sensitivity patterns in vitro
alongside standard strains in studies would provide
more accurate results. Additionally, there is a need for
comprehensive geopropolis and antibiotic synergy studies
to ensure the control of resistant pathogenic bacterial
species, such as MRSA.

Unfortunately, despite the natural, non-toxic, and highly
effective nature of this product that God has bestowed
upon humans, there are some challenges in its clinical use.
Similar to propolis produced by A. mellifera, the inability
to establish a standard for the chemical characterization
of geopropolis due to its different chemical compositions
based on geographical regions and botanical sources, and
the lack of standardization in the extraction procedure,
can be emphasized as significant challenges in clinical
applications. Overcoming these challenges in the clinical
use of this product requires advanced laboratory analyses,
comprehensive pharmacodynamic and pharmacokinetic
studies, laboratory animal research, and clinical trials.
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INTRODUCTION

Abstract

Forcipomyia Meigen, 1818, is the second-largest genus of the family Ceratopogonidae,
having medico veterinary and agricultural importance. A few mitogenomes of
Ceratopogonidae have previously been available. Here, we aimed to characterize the
whole mitogenome of Forcipomyia pulchrithorax Edwards, 1924, collected from Central
Anatolia Region of the Tiirkiye using NGS to contribute to the genetic diversity within
this family. The mitogenome of E pulchrithorax (OR666457) consisted of a circular DNA
molecule spanning 15,930 bp and containing 72.7% AT content. It includes 13 protein-
coding genes (PCGs), 22 transfer RNA (tRNA) genes, 2 ribosomal RNA (rRNA) genes,
and 1 control region. All PCGs exhibited typical ATN start codons and followed the
conventional TAN stop codons, except COX1, COX2, COX3, NDI, and ND5, which
ended with incomplete codons. The 22 tRNA genes demonstrated the ability to form
a cloverleaf structure, except tRNA-Serl, which lacked DHU arm, similar to most
insect mitogenomes. The ML phylogenetic analyses clearly delineated the species of
Culicomorpha into well supported monophyletic clades. Forcipomyia pulchrithorax
was clustered with the Ceratopogonidae species constituting an outer taxon among the
Culicomorpha. The comprehensive mitogenome of F pulchrithorax will be valuable
for future studies focused on the phylogenetic characterization and diversity of
Ceratopogonidae within the Culicomorpha.

Keywords: Culicomorpha, Diptera, Forcipomyia pulchrithorax, Mitochondrial genome,
Phylogeny

with the genera Culicoides and Leptoconops of the
Ceratopogonidae, the females of the subgenus Forcipomyia

The genus Forcipomyia Meigen, 1818 of Forcipomyiinae
(Diptera: Ceratopogonidae) comprises medium-sized
midges. The members of this subfamily have a considerable
economic impact due to their role in pollinating cocoa
and rubber trees [,

Biting midges belonging to this genus have a worldwide
distribution, inhabiting diverse environments such
as paddy fields, bamboo forests, and marshlands.
Forcipomyia is one of the most species-rich genera of the
family Ceratopogonidae, with 1.186 described species
in 36 subgenera . Other insect orders (e.g., Phasmida,
Orthoptera, Lepidoptera, Heteroptera, Odonata) often
serve as hosts for adult female ectoparasites **. Along

also feed on vertebrate blood 3.

In insects, the mitochondrial genome is small, typically
ranging from 15 to 20 kb, and encompasses 37 genes.
These genes comprise 13 protein-coding genes (PCGs),
22 transfer RNA genes (tRNAs), and the large and small
ribosomal RNA unit genes (rrnL and rrnS, respectively).
Besides, the mitochondrial genome has a single, large
non-coding region that contains controlling elements
for replication and transcription, along with various
spacer and overlapping regions . Unlike the nuclear
genome, mitogenomes are maternally inherited, occur
in hundreds to thousands of copies per cell, and exhibit

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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minimal recombination in animals 2. By comparing
the mitochondrial gene arrangements of animals,
scientists can infer long-term evolutionary relationships
since rearrangements are unique and generally rare events
that are unlikely to occur independently in separate
evolutionary lineages [/,

Modern molecular tools have been successfully used
to evaluate Ceratopogonidae’s including the genus
Forcipomyia through genetic markers such as partial
or complete mitochondrial sequences [*'*l. Although
Ceratopogonidae is one of the largest groups of Diptera
insects, only a few complete mitogenomes have been
characterized or published so far "*17). In the Forcipomyia
genus, F makanensis, which has a wide distribution
in certain regions of China, is the only species with a
published mitogenome characterization 1.

Considering the lack of mitogenome-based genomic
information on the genus Forcipomyia of Ceratopogonidae,
which has potential epidemiological interest and economic
impact in many regions of the world, in this study, we
performed for the first time the characterization of the
mitochondrial genome of the species E pulchrithorax
Edwards, 1924, collected from the Central Anatolia Region
of Tiirkiye. We reconstructed the phylogenetic relationship
of the species within the families of Culicomorpha based
on the concatenation of all 13 PCGs and two rRNA genes.

MATERIAL AND METHODS
Ethical Statement

This study does not require the approval of the Local
Ethics Committee for Animal Experiments.

Collection of Specimens and DNA Extraction

Adult midges were sampled in August 2022 from a location
in Sivas province of the Central Anatolia Region of Tiirkiye
(Coordinates: 39.327151, 37.391583). The midges were
captured using Onderstepoort-type 220V blacklight traps
with 8 W UV light tubes and stored in absolute ethanol for
identification. Initial identification of the midges relied
on their morphological characteristics using appropriate
keys 18191 After morphological identification, the midges
were preserved in absolute ethanol at -20°C. Genomic

DNA (gDNA) was extracted from the whole body of
the midges using a PureLink™ Genomic DNA Mini Kit
(Thermo Scientific, Waltham, MA, USA) following
the manufacturer’s protocol. The obtained gDNA was
quantified using a Qubit 3.0 Fluorometer (Thermo
Scientific, Waltham, MA, USA) and stored at —20°C.

Long-range PCR Amplification of Mitogenome and
Sequencing

To amplify the complete mitogenome of the specimens
in two overlapping fragments, we first downloaded all
full or partial mitochondrial sequences of Culicomorpha
species available in GenBank and conserved regions were
determined by multiple alignment of all sequences. Two
sets of long-range PCR primers were designed from the
corresponding gene regions using Primer3 v.2.3.7. 2],
which was integrated with Geneious Prime software
(https://www.geneious.com) (Table 1).

Long-range PCR was performed using LongAmp® Taq 2x
Master Mix (New England Biolabs, Ipswich, MA, USA)
under the following cycling parameters: 1 min at 94°C; 35
cycles of 30 s at 94°C, 30 s at 50°C (First fragment)/53°C
(Second fragment), and 17 min (First fragment)/7 min
(Second fragment) at 60.5°C; and 60.5°C for 10 min. Each
amplification products (5 uL) electrophoretically resolved,
purified, and quantified as described by Ciloglu et al.l?"..

Preparation of Libraries, NGS, Annotation, and
Analysis of Mitochondrial DNA

We diluted the PCR products with ddH,0O to 0.2 ng/uL
of DNA concentration. Two diluted PCR products were
pooled together in equimolar ratios. We used the Nextera
XT DNA Library Prep Kit (Illumina, San Diego, USA) and
the Nextera XT DNA Library Preparation Index Kit v2
Set A (Illumina, San Diego, USA) for the construction of
the libraries following the protocols of the manufacturer.
The amplicons of each library were quantified and diluted
to approximately equal concentrations and were pooled.
The pooled multiplexed libraries were sequenced on an
Mlumina MiSeq platform (Illumina, San Diego, USA) with
the MiSeq Reagent Kit v2 (500 cycles).

FastQC 22 was used to assess the quality of the raw
sequence data. We filtered out sequences shorter than 50

Table 1. Primers used for the amplification of the mitogenome of E. pulchrithorax
. 5 5 . Target TM Degree | Extension Time .
Organism Primer set | Primer Name | Primer Sequence Gene C) i) Size (bp)
MidgeF1 TTATAATTGGRGGATTYGGWAATTG | COI
1 - 50 17 13.000
Forcipomyia MidgeF2 TTAAGTTACTTTAGGGATAACAGC 16SrRNA
pulchrithorax MidgeF3 ATTACGCTGTTATCCCTAAAGTAAC | COI
2 53 7 5.165
MidgeF4 GTTCAKCCRGTTCCDGCYCCAT 16SrRNA
TM: melting temperature
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bp, trimmed low-quality bases (Q-score <25) at the end
of reads, and removed adaptors using the BBDuk plug-
in of Geneious Prime to The paired-end clean reads
(~400.000 reads) of E pulcrithorax were assembled in
Geneious Prime using the mitogenome of E makanensis
from GenBank (Accession number: MK000395) as a
reference sequence *.. The tool embedded in Geneious
Prime, Map to Reference, was utilized with the Highest
Sensitivity/Medium Geneious Mapper Algorithm and up
to 25 iterations. To ensure coverage and completeness, we
performed de novo assembly using GetOrganelle v1.7.7.0 1),
Finally, the aliging of de novo contigs with those generated
by mapping to the reference sequence of E makanensis
confirmed that the assembly method did not influence the
final mitogenome sequences.

The mitochondrial genome of E pulcrithorax was
annotated using MITOS2 ¥ and the invertebrate
mitochondrial genetic code. tRNA genes were identified
using tRNAscan-SE ) and MITOS2. Gene borders were
manually curated and checked using MITOS2. The tRNA
visualization was performed with VARNA ¢, PCGs and
rRNA genes were determined based on alignments with
available Culicomorpha mitogenomes in GenBank. The
graphical mitogenome circular map was drawn using
Proksee Server 71, RSCU, nucleotide, and translation
statistics were calculated using Geneious Prime and
MEGA 11 programs 1],

Phylogenetic Analyses

A total of 18 Culicomorpha species representing seven
families and 15 genera were retrieved from GenBank
to reconstruct the phylogenetic relationships of the E
pulcrithorax (Table 2). Phlebotomus chinensis was used
as an outgroup taxon. The phylogeny data was based
on the concatenated sequence alignments of nucleotide
sequences of 13 protein-coding genes and two rRNA
genes. Initially, the mitogenome sequences in the data set
were aligned using MAFFT P in Geneious Prime. Poorly
aligned sites were subsequently removed using the Gblocks
server **l with stringent criteria. The phylogenetic tree was
constructed using the maximum likelihood (ML) method
in MEGA 11 with the optimal nucleotide substitution
model (GTR +I +G with 1000 replicates), determined by
the jModel test v.0.1.1 161,

RESULTS
Mitogenome Organization

The complete mitogenome of E pulcrithorax is 15.930 bp
in length, including 13 PCGs, 22 tRNAs, and two rRNAs
(rrnL and rrnS) (Fig. 1). The heavy strand (H-strand)
encodes most of the genes (nine PCGs and 14 tRNAs)
while, the light strand (L-strand) contains the remaining
reverse complementary genes (four PCGs, eight tRNAs,
and two rRNAs) as shown in Table 3. The AT content of
the E pulcrithorax mitogenome is 72.7% (Table 3).

Table 2. Summary of taxonomic groups used in this study
Family Genus Species Whole Genba‘nk References
Genome Accession
Forcipomyia pulchrithorax 15.590 OR666457 This study
Forcipomyia
Ceratopogonidae Forcipomyia sp. 15.584 MK000395 Jiang [*°!
Culicoides Culicoides arakawae 15.412 AB361004 Matsumoto et al.l'#
Dixella aestivalis 16.465 KT878382 Briscoe et al.*’)
Dixidae Dixella
Dixella sp. 15.574 KM245574 Kang et al.**!
Culex Culex pipiens molestus 16.323 MN389460 Unpublished
Aedes Aedes koreicus 15.843 MZ460582 Unpublished
Culicidae
Anopheles Anopheles cruzii 15.877 KJ701506 Unpublished
Ochlerotatus Ochlerotatus vigilax 16.445 KP721463 Hardy et al.?!
Corethrellidae Corethrella Corethrella condita 14.520 MK281357 Zhang et al.l'”)
Chaoboridae Chaoborus Chaoborus sp. 14.746 MK281356 Zhang et al.l'”
Simulium variegatum 15.575 KU252587 Unpublished
Simuliidae Simulium
Simulium noelleri 16.190 MT410847 Unpublished
Polypedilum Polypedilum nubifer 15896 MZ747090 Xiao et al.l*
Chironomus Chironomus flaviplumus 15.739 MW?770891 Unpublished
Chironomidae
Limnophyes Limnophyes minimus 15.607 MZ041033 Unpublished
Microchironomus Microchironomus tabarui 15.667 MZ261913 Kong et al.l**]
Thaumaleidae Thaumalea Thaumalea sp. 14.610 MK281359 Zhang et al.l'”)



https://pubmed.ncbi.nlm.nih.gov/?term=Matsumoto+Y&cauthor_id=19239613
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Undef&id=190765&lvl=3&keep=1&srchmode=1&unlock
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Fig 1. Circular mitogenome map of E pulcrithorax. The internal values
indicate the overall content of the nucleotide bases. The magenta, pink,
and green blocks indicate PCGs, tRNAs, and rRNAs, respectively. Each
tRNA is identified by a unique letter abbreviation. The genes located in
the H (Forward) and L (Reverse) strands are shown in opposite directions

Protein-coding Genes (PCGs) and Codon Usage

The total length of 13 PCGs is 11.175 bp, accounting for
70.15% of the whole mitogenome length of E pulcrithorax.
All 13 PCGs of E pulcrithorax initiate translation using
ATN codons (ATG for ND2, ND3, ND4, COX2, COX3,
ATP6, ATP8, and CYTB; ATA for ND4L; ATT for COX1,
NDI, ND5, and ND6). For the stop codon, seven PCGs
of E pulcrithorax had the common mitochondrial stop
codon TAA, while ND4 was terminated with the stop
codon TAG, COX3 ended with “TA-", and COXI, COX2,
ND1, and ND5 ended with a single “T” (Table 3).

The E pulcrithorax mitogenome encodes 3.732 amino
acids, excluding incomplete stop codons. This reflects
the high A+T content observed throughout the genome,
particularly in codon usage. In the E pulcrithorax
mitogenome (Fig. 2), NNA and NNU codons (78.05%)
are significantly more prevalent than NNC and NNG
codons (21.95%). Among the 13 PCGs in E pulcrithorax,
Leul (403) is the most frequently used amino acid codon,
followed by Thr (313). Cys (25) is the least frequently used
amino acid codon (Fig. 2).

100
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Fig 2. RSCU and codon usage of the E pulcrithorax mitogenome. The
graphics indicate (A): RSCU, (B): Codon usage counts. Amino acids were
shown based on the IUPACIUB one-letter abbreviation. Codon families
were given on the X-axis. The stop codons were not included

Transfer RNAs

The mitogenome of E pulcrithorax contains all 22 tRNAs
(Fig. 3). The tRNAs exhibit a size range of 61 to 72 bp, with
13 tRNA genes located on the H-strand and the remaining
nine tRNA genes on the L-strand (Table 4). Most tRNA
genes display classical clover-leaf secondary structures,
except for trnS1(AGN), which possesses a simplified
DHU arm (Fig.3).

Phylogenetic Analyses

The phylogeneticanalyses of the mitogenome concatenated
PCGs and ribosomal genes separated the species in each
family with an overall 36% mean genetic distance (10.6% to
53.4%) (Table 5). The ML tree indicated the monophyly of
all families in Culicomorpha with high bootstrap supports

Table 3. Overall nucleotide composition in the mitogenome of E. pulcrithorax

Forcipomyia pulchrithorax Size % %A %T %G %C %A+T %G+C
Total Length 15.930 100% 37.50% 35.20% 10.40% 16.90% 72.70% 27.30%
PCGs 11.175 70.32% 36.40% 33.70% 11.60% 18.30% 71.10% 29.90%
12s rRNA 614 3.85% 37.00% 38.90% 7.80% 16.30% 75.90% 24.10%
16s rRNA 1.320 8,28% 41.70% 41.00% 5.30% 12.00% 82.70% 17.30%
tRNAs 1.450 9.07% 37.70% 37.10% 10.90% 14.30% 74.80% 25.20%
Control Region (D-loop) 1.037 6.50% 44.10% 37.90% 6.30% 11.80% 82.00% 18.00%
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Fig 3. Predicted secondary cloverleaf structure for the tRNAs of E
pulcrithorax

(98.0% to 100.0%) (Fig. 4). Forcipomyia pulcrithorax was
clustered with F. makanensis, and this clade was placed as a
sister to C. arakawae with high bootstrap values (100.0%).
In our analyses, Ceratopogonidae, including the newly
characterized E pulcrithorax constituted an outer taxon
among the Culicomorpha. Chironomidae was recognized
as a sister taxon to Culicidae + Dixidae + (Thaumaleidae
+ Simuliidae).

Di1sCcuUsSSION

The nucleotide composition of E pulcrithorax is AT-biased,
similar to the mitogenomes of several Culicomorpha
species 151729301 The AT content of F pulcrithorax
mitogenome was found to be 72.7% (Table 3). The
high AT content is widely attributed to the evolution of
mitochondrial origin 7.,

The whole mitogenome length of E pulcrithorax is similar
to E makanensis ' and relatively lower compared to C.
arakawae " within the same family, Ceratopogonidae.

MT410847 Simulium noelleri

Simulidae
KU252587 Simulium variegatum

MK281359 Thaumalea sp. Thaumaleidae
KT878382 Dixella aestivalis
Dixidae
KM245574 Dixella sp.

MK281357 Corethrella condita Corethrellidae
KJ701506 Anopheles cruzii
MN389460 Culex pipiens

Culicidae
MZ460582 Aedes koreicus
KP721463 Ochlerotatus vigilax

MZ041033 Limnophyes minimus

- MZ747090 Polypedilum nubifer Chironomidae

100 MZ261913 Microchironomus tabarui

MW770891 Chi

MK281356 Chaoborus sp. Chaoboridae

AB361004 Culicoides arakawae

100 ipomyi .
Ceratopogonidae
100

OR666457 Forcipomyia pulchrithorax

S

KR349297 Psycodidae/Out group

B —
010

Fig 4. The reconstructed ML tree of mitogenome sequences of F
pulcrithorax (in red character), along with the representatives of other
genera in the families of Culicomorpha is available in GenBank. The
ML tree is based on the concatenated sequence alignments of nucleotide
sequences of 13 protein-coding genes and two rRNA genes using
GTR+I+G nucleotide substitution model. The bootstrap values over
70.0% are indicated at each node. Phlebotomus chinensis was employed as

an outgroup taxa

Jiang et al.l'”! identified all PCGs with the standard stop
codon pattern “TAA,” except COX3, which ended with an
incomplete termination codon “TA-” in the mitogenome
of E makanensis. The COX3 gene of the E pulcrithorax
was also ended with incomplete stop codon “TA-” similar
to E makanensis. However further incomplete termination
codon “T--” was also identified in the COX1, COX2,
ND1I, and ND5 genes of E pulcrithorax. Incomplete stop
codons are also present in the PCGs of Culicomorpha
species listed in Table 3 and other common insect
mitogenomes #1723 They are considered to produce
functional stop codons in polyadenylation mechanisms
and polycistronic transcription cleavage %%,

High A+T content was identified throughout the F
pulcrithorax mitogenome, particularly in PCGs. The relative
synonymous codon usage (RSCU) matrix indicated
the dominancy of NNA and NNU compared with the
codons NNC and NNG. This type of RSCU is also
frequently observed in other metazoan mitochondrial
genomes 4042,

The mitogenome of E pulcrithorax contains all 22 tRNAs
characteristic of dipteran mitogenomes. Most tRNA genes
display classical clover-leaf secondary structures except
for trnS1(AGN). This peculiarity of tRNASer is prevalent
among insect and metazoan mitogenomes 43I,
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Table 4. The mitogenome organization of E. pulcrithorax

Gene Direction Minimum Maximum Size Anticodon Zt:;:)n f}t(()’cli)on gﬁgeg:g:ices
tRNA-Ile H 1 64 64 GAT - - 13
tRNA-GIn L 78 146 69 TTG - - 5
tRNA-Met H 152 220 69 CAT - - 0
ND2 CDS H 221 1252 1032 - ATG TAA 20
tRNA-Trp H 1273 1340 68 TCA - - -8
tRNA-Cys L 1333 1394 62 GCA - - 53
tRNA-Tyr IL 1448 1513 66 GTA - - 34
COX1 CDS H 1548 3045 1498 - ATT T-- 0
tRNA-Leu H 3046 3109 64 TAA - - 4
COX2 CDS H 3114 3798 685 - ATG T-- 0
tRNA-Lys H 3799 3867 69 CTT - - -1
tRNA-Asp H 3869 3936 68 GTC - - 0
ATP8 CDS H 3937 4095 159 - ATG TAA -7
ATP6 CDS H 4089 4766 678 - ATG TAA 24
COX3 CDS H 4791 5578 788 - ATG TA- 0
tRNA-Gly H 5579 5643 65 TCC - - 0
ND3 CDS H 5644 5997 354 - ATG TAA 45
tRNA-Ala H 6043 6109 67 TGC - - 3
tRNA-Arg H 6113 6175 63 TCG - - 24
tRNA-Asn H 6200 6263 64 GTT -- - 0
tRNA-Ser H 6264 6329 66 GCT - -- 31
tRNA-Glu H 6361 6425 65 TTC - - 15
tRNA-Phe L 6441 6506 66 GAA - - 0
ND5 CDS L 6507 8229 1723 - ATT T-- 6
tRNA-His IL 8236 8300 65 GTG - - 60
ND4 CDS L 8361 9701 1341 - ATG TAG -7
ND4L CDS L 9695 9997 297 - ATA TAA 4
tRNA-Thr H 10002 10062 61 TGT - - 2
tRNA-Pro L 10068 10132 65 TGG - - 1
ND6 CDS H 10134 10655 522 - ATT TAA -1
Cytb CDS H 10655 11791 1137 - ATG TAA 4
tRNA-Ser H 11796 11860 65 TGA - - 6
NDI CDS L 11867 12821 956 - ATT T-- 4
tRNA-Leu IL 12826 12887 62 TAG - - 0
16S rRNA L 12888 14207 1320 - -- - 0
tRNA-Val L 14208 14279 72 TAC - - 0
12§ rRNA IL 14280 14893 614 - - - 0
Control Region H 14894 15930 1037 - - - 0
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Table 5. Mean pairwise genetic distance matrix of the mitogenome, for the clades Culicomorpha species. Evolutionary analyses were conducted using the
Kimura-2-parameter (K2P) distance model with MEGA version 11
No SCa Il AEE o 1| 2| 3| 4] 5 7 8|9 10|11 1213|1415 16]|17
Number
1 OR666457 Forcipomyia
pulchrithorax
) MK00039§ Forcipomyia 0264
makanensis
3 AB361004 Culicoides 0347 0.332
arakawae
4 MK281356 Chaoborus sp. |0.442(0.418|0.410
5 MW770891 Chironomus | o 534 | 510/ 0.496 | 0.468
Sflaviplumus
6 MZ261913 1 0.469|0.450 | 0.447 | 0.406 | 0.250
Microchironomus tabarui
7 MZ747090 Polypedilum |, 19| 0 44| 0.448| 0.413 | 0316 | 0.268
nubifer
8 MZ041033 Limnophyes | 43¢ 389| 0.391 | 0.362 | 0.401 | 0.357 | 0.363
minimus
9 KP721463 Ochlerotatus | o 411 0.365|0.378|0.316|0.393| 0.367| 0.363| 0.291
vigilax
10 MZ460582 Aedes koreicus | 0.4160.389|0.388 | 0.340 | 0.417| 0.381| 0.375 | 0.312 | 0.106
11 MN389460 Culex pipiens | 0.406| 0.381 | 0.372 0.337 | 0.396 | 0.369| 0.370 | 0.305 | 0.115 | 0.141
12 KJ701506 Anopheles cruzii | 0.404|0.373| 0.371|0.330 | 0.411 | 0.374| 0.379 | 0.305| 0.166 | 0.190| 0.178
13 ?gﬁfﬁ” Ot 0.4280.392|0.411|0.359 | 0.437 | 0.388| 0.407 | 0.337| 0.269| 0.295| 0.294 | 0.278
14 KM245574 Dixella sp. 0.423 0.382]0.394| 0.343 | 0.436 | 0.387| 0.388 | 0.310 0.266| 0.279| 0.271 | 0.275 | 0.308
15 f;tsizzi.ssz D 0.430 0.391 0.398| 0.347 | 0.436| 0.400| 0.398 | 0.316 | 0.273| 0.299| 0.284 | 0.286 | 0.323| 0.139
16 MK281359 Thaumalea sp. | 0.461|0.467| 0.451| 0.428 | 0.526| 0.449| 0.445| 0.379| 0.354| 0.362 0.362| 0.360 | 0.381| 0.341 | 0.345
17 LAOPRPRLTIR G 0.431|0.417| 0.416| 0.377| 0.454 0.402| 0.407| 0.330| 0.292 0.305| 0.302| 0.306 | 0.341| 0.299| 0.303 | 0.343
variegatum
18 3/2”5;:3847 ST 0.432] 0.404 0.420 0.378| 0.445| 0.396| 0.401| 0.326| 0.294 0.298| 0.304 | 0.308| 0.339| 0.293| 0.300| 0.331 | 0.127

According to Henning’s (1973) classification, Cerato-
pogonidae placed within the superfamily
Chironomoidea and identified as the sister taxon to
Chironomidae ™. Some subsequent studies [**%! also
supportedthisrelationship. However, Ceratopogonidaewas
placed in the superfamily Simulioidea with Thaumaleidae
and Simuliidae in Borkent’s analysis based on six pupal
and one adult synapomorphies 1. Zhang et al.'”! also
reported compatible findings with Borkents analyses
without strong Bayesian support for the sister-group
relationship between Ceratopogonidae and Thaumaleidae
+ Simuliidae. In our analyses, Ceratopogonidae, including
the newly characterized E pulcrithorax constituted an
outer taxon among the Culicomorpha. Chironomidae
was recognized as a sister taxon to Culicidae + Dixidae +
(Thaumaleidae + Simuliidae), which was congruent with
the findings of the phylogenetic reconstruction of Miller

was

et al.*¥ and Zhang et al."”). On the other hand, the family
Chironomidae, was also reported as a paraphyletic taxon
by Zhang et al.l'” when using PCGs, rRNAs, and tRNAs
in the phylogenetic analyses with different evolutionary
models.

In conclusion, our study provides the first data on the
mitogenome characterization and phylogenetic analyses
of E pulcrithorax, and the findings contribute to the
taxonomy and phylogeny of Culicomorpha, which is
considered a complex taxon. We also conclude that the
mitogenome data of E. pulchrithorax can be used to identify
genetic markers for species identification. Although
Ceratopogonidae contains many described species, there
are only three mitogenome data from the species of this
family, including . pulchritorax characterized in our study.
Therefore, broader taxonomic sampling and mitogenome
characterization are needed to better understand of the



230

Complete Mitochondrial Genome of Forcipomyia pulchrithorax

Kafkas Univ Vet Fak Derg

phylogenetic and taxonomic evaluation of the members
of Ceratopogonidae.
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INTRODUCTION

Abstract

Artificial intelligence (AI) technology, while less advanced than in human medicine,
holds significant potential in the field of veterinary medicine. This technology offers
a range of essential benefits, such as disease diagnosis, treatment planning, disease
control, and overall animal health improvement. Based on clinical data, this study
uses 15 Al models to predict the necessity of surgery and the likelihood of survival in
horses displaying symptoms of acute abdominal pain (colic). By comparing surgical and
survival predictions across the original, imputed missing values, and balanced datasets,
we determine the most effective dataset based on the average accuracy of the 15 Al
models. Furthermore, we explore the potential for improved accuracy with a reduced
feature set by calculating feature importance scores for surgery and survival predictions.
Our results indicate that the balanced dataset achieved the highest average accuracy for
predicting surgery and survival, with 80.76% and 77.96%, respectively. The Random
Forest (RF) model outperformed others as the most accurate model for both surgery
(accuracy = 85.83, Area Under the Curve [AUC] = 0.906) and survival prediction
(accuracy = 80.75, AUC = 0.888). It was observed that reducing the number of features
in the dataset by 56% led to an increase in surgery prediction accuracy to 86.38%.
Similarly, when the number of features was reduced by 24% for survival prediction, the
prediction performance increased to 83.75%. This study emphasizes the importance of
the precise implementation of artificial intelligence techniques in veterinary medicine,
which can significantly enhance model performance.

Keywords: Artificial intelligence, Data balancing, Feature selection, Horse colic,
Prediction, SMOTE

problem for horses and can result in death if not treated
promptly. This issue is closely tied to a substantial

In recent years, research in artificial intelligence has gained
significant attention and made notable advancements.
The most popular tasks performed using AI models are
prediction/classification ? and regression problems 4.
However, in veterinary medicine, the use of this
technology has not yet been as developed as in other areas.
Nonetheless, studies conducted in veterinary medicine
have demonstrated the potential for achieving successful
results with this technology .

Horse health is one of the essential fields where artificial
intelligence technology should be applied. This is because
horses are valuable animals, often used in racing. Acute
abdominal (colic) is one of the horses’ most commonly
encountered health issues. Colic presents a severe, health

economic impact and is a significant concern for horse
owners 1. Approximately 90% of colic cases in horses
resolve spontaneously or with medical treatment, but
the remaining 10% of colic cases can be fatal if not
treated surgically .. Therefore, veterinarians strive to
protect horses’ health by recognizing colic symptoms
and providing rapid intervention. At this point, artificial
intelligence models come into play, offering fast and
accurate predictions, and they can be used as a supportive
tool in veterinarians’ decision-making processes.

Artificial intelligence systems are based on mathematical
models and require training using sample data. This
training data includes the information that helps the
model learn the desired outputs. Artificial intelligence is

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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used to enhance computers’ learning, decision-making,
and problem-solving capabilities, and new models and
applications are continuously being developed.

Artificial intelligence has been used in the field of
veterinary medicine for body weight prediction ',
diagnostic radiology ), blood sample value estimation %,
diagnosis of infectious and inflammatory disorders [,
classification of radiographs "%, animal diagnosis ¥, milk
yield prediction "%, and determination of bone fracture
locations °!. In a search conducted in the WOS database
using the keywords “Horse colic + artificial intelligence,”
“Horse colic + machine learning;” and “Horse colic + data
mining,” a relevant study was found. In this study, Fraiwan
used artificial intelligence methods to predict with an
accuracy rate of 76% and 85% the need for surgery and
survival of horses with colic .

This study aims to make accurate surgery and survival
predictions for -horse colic. For this purpose, the
dataset used in the study contains missing values and
is imbalanced. To address the difficulties posed by the
dataset and achieve accurate predictions, the artificial
intelligence methodology was meticulously implemented,
and the prediction outcomes were evaluated at each stage.

The key contributions of this study are summarized as
follows:

- This study demonstrates that accurately completing
missing values in the dataset using the missForest method
enhances prediction performance.

- This study addresses the issue of data imbalance by
employing the SMOTE method and discovers that a
balanced dataset enhances prediction performance.

- The study evaluates the performance of 15 AI models
using accuracy and AUC statistical measures, and as a
result, it indicates that the RF model outperforms other
models.

- The study shows that a higher degree of surgical success
and accuracy in predicting survival may be achieved by
using fewer features.

MATERIAL AND METHODS
System Architecture

This study applied a series of steps to predict the need for
surgical intervention and the probability of survival for
horses with colic. The results obtained from the models
may vary according to the dataset and the applied process
steps "l Therefore, researchers can reduce or augment
these steps according to the dataset and needs. The
flowchart showing the classification process is shown in
Fig. 1, and the subsequent sections provide a thorough
explanation of each stage.

Determining

Measurement of
Models'
Performance using
Accuracy and AUC)

Identifying Most
Successful
Dataset

Missing
Dataset

Imputed
Dataset

Imputed +

Feature
Reduction
using by RF
importance
score

Predicting
surgery
and survive
outputs

Dataset

Fig 1. Flowchart for predicting of horse surgery and survival

Used Dataset

The dataset used in this study is publicly accessible
online . The dataset, containing medical data for 299
horses, consists of 27 features, with 25 used as inputs and
two as outputs. The ‘surgery’ variable used as an output
indicates whether the horses underwent surgery. The
other output variable contains information about whether
the horse survived. Table 1 provides the characteristics of
the features in the dataset, their types, feature information,
missing value statistics, and information on using them as
input/output in artificial intelligence models.

Data Transformation

Data transformation is the process of modifying or
reshaping data to make it more suitable for dataset
analysis or modeling !"*l. This process improves data
quality, ensures better model performance, and enhances
data comprehensibility. Common data transformation
techniques include feature scaling, normalization, trans-
formation of categorical data, and handling outliers.

In this study, the dataset was transformed using
categorical data transformation techniques. For example,
the temperature of the extremities feature, with values
normal, warm, cool, and cold, was transformed into 0, 1,
2, and 3, respectively. All categorical features underwent
this transformation. Additionally, since the study aims
to predict the survival status, the survival variable was
assigned 0 for lived and 1 for dead and euthanized horse
samples. The dataset used for predicting surgery and
survival after data transformation was referred to as the
original dataset.

Missing Value Imputation

In scientific research, researchers may encounter
incomplete data collection, which may deviate from
their anticipated parameters. Imputation is one of the
popular data analysis approaches aimed at filling in
missing data to make them usable .. The presence of
missing values in the dataset presents a challenge for the
planned analysis. The reason for this is that almost all
classical and contemporary statistical techniques have
been developed based on the assumption that the dataset
is comprehensive 2. In this study, Cihan ! compared the
accuracy performances of mean, kNN, SVD, bPca, and
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Table 1. Characteristics and Information about the Horse Colic dataset
Feature Type Feature Information #NA Mli{s:ti:g Direction
Age Adult, Young (<6 months) 0 0%
Temperature of extremities Normal, warm, cool, cold 56 19%
Peripheral pulse Normal, increased, reduced, absent 69 23%
Mucous membranes normal pink, bright pink, pale pink, pale cyanotic, bright 47 16%
red, dark cyanotic
Capillary refill time < 3 seconds, >= 3 seconds 32 11%
Pain No pain, depressed, mild pain, severe pain, extreme pain 55 18%
Peristalsis Hypermotile, normal, hypomotile, absent 44 15%
Abdominal distension Categoric None, slight, moderate, severe 56 19%
Nasogastric tube None, slight, significant 104 35%
Nasogastric reflux None, > 1 liter, < 1 liter 106 35%
Rectal examination - feces Normal, increased, decreased, absent 102 34%
Abdomen Normal, other, firm, small intestine, large intestine 118 39%
Abdominocentesis appearance Clear, cloudy, serosanguinous 165 55% input
Surgical lesion No: Non-surgical lesion/Yes: Surgical lesion 0 0%
Cp_data No: Pathology data not present/Yes: data present 0 0%
Rectal temperature Min: 35.4 - Max: 40.8 60 20%
Nasogastric reflux ph Min: 1 - Max: 7.5 246 82%
Pulse Min: 30 - Max: 184 24 8%
Respiratory rate Min: 8 - Max: 96 58 19%
Packed cell volume Min: 23 - Max: 75 29 10%
Numeric
Total protein Min: 3.3 - Max: 89 33 11%
Abdomcentesis total protein Min: 0.1 - Max: 10.1 198 66%
Lesion_1 Min: 0 - Max: 41110 0 0%
Lesion_2 Min: 0 - Max: 7111 0 0%
Lesion_3 Min: 0 - Max: 2209 0 0%
Surgery Categoric No: horse had surgery/Yes: without surgery 0 0% output
Qutcome (Survive) Categoric Lived, Died, Euthanized 0 0% output

missForest imputation methods. The analysis revealed
that the missForest method successfully handled missing
data in all different datasets. As a result, in this study, the
missing values in the horseColic dataset were imputed
using the missForest method.

The MissForest method utilizes Random Forest to predict
missing values. It creates a separate Random Forest model
for each missing variable. It uses these models to predict
the missing values by considering the relationships
between the missing variables, other complete variables,
and the output variable ' This helps in accurately and
reliably imputing missing data. The ‘missForest’ function
in R programming was used to implement this method.
This function completed the missing values in the dataset
containing the ‘surgery’ output variable and then in the

dataset containing the ‘survive’ output variable. In this study,
the dataset version with missing values filled using the
missForest method was referred to as the imputed dataset.

When applying artificial intelligence methods in WEKA,
you can work with datasets that have missing values.
WEKA ignores the missing data and does not use
these instances in classification or artificial intelligence
processes. Ignoring missing data results in a loss of
information in the dataset. Therefore, it is essential to
handle missing data properly.

Data Balancing

The situations where the output features (decision
variables) in the dataset are not evenly distributed indicate
that the dataset is imbalanced. Real-world datasets often
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imbalanced ®. In imbalanced datasets, the class with a
small number of samples is referred to as the minority
class, while the class with a large number of samples is
called the majority class *l. Imbalanced datasets can
mislead influence classification results, so it is desirable in
artificial intelligence studies that the decision variable is
evenly distributed in the datasets used. There are various
methods that can be applied to eliminate imbalance in the
preprocessing step of the data. The Synthetic Minority
Over Sampling Technique (SMOTE) is one of the methods
that can be used to address this issue, and it has been used
in this study to address the data imbalance.

SMOTE is one of the most well-known and commonly
used resampling methods. SMOTE creates new artificial
minority class samples by interpolating among the existing
minority class examples. This approach to generating
synthetic samples was inspired by a technique used in
handwritten character recognition. The method first finds
the k nearest neighbors for each minority class example;
then, it selects a random nearest neighbor. Subsequently,

a new minority class example is created using the straight
segment between a minority class example and its nearest
neighbor. This process is repeated until both classes have
an equal number of examples 2.

In this study, data balancing was performed using the
SMOTE method after completing the missing values in the
dataset. This dataset was referred to as a balanced dataset.
For the survival output variable, the number of minority
samples was increased by 47%, from 121 to 177, to balance
the output sample size. Similarly, for the surgery output
variable, the number of samples belonging to the minority
class was increased by 48%, resulting in 180 ‘yes’ and 180
‘no’ instances to balance the dataset.

Artificial Intelligence Models

In this study, colic horses’ surgery and survival statuses
were predicted using fifteen artificial intelligence
classification methods. A list of the artificial intelligence
classification algorithms used in this study, along with
their brief descriptions, is presented in Table 2.

It is a probability theory-based graphical modeling approach. It uses a network structure that
illustrates the relationships between variables and utilizes Bayes” theorem to make predictions !,

Naive Bayes makes classifications based on the Bayes theorem and assumes independence between

It is one of the types of artificial neural networks. It makes complex decisions by mimicking the way
the human brain works. It typically consists of input, hidden, and output layers.

It is a classification algorithm that fits the data with a suitable curve and has the ability to express class
predictions of input features using probability distributions.

SMO is a classification algorithm based on Support Vector Machines (SVM). It maps the data into a
high-dimensional space and provides a fit. It is developed to accelerate and optimize SVM training

K-NN, to classify an instance, compares it with the classes of the K nearest neighbors. When a new
data point arrives, K-NN calculates the K closest neighbors to this point, and by examining the classes
of these neighbors, it determines the class of the new point. Since the choice of the K value can affect
the classification results ¥, different K values (1, 3, 5, 7) were tested in the study.

Bagging, each base classifier is trained independently and combines their results to create a stronger
and more stable classifier. This can enhance prediction performance. Since each base classifier is
trained on a different training subset, Bagging can reduce variance, thereby improving the model’s
prediction performance. In this study, prediction performances were tested using REP Tree, Random
Forest, and Multilayer Perceptron as base classifiers.

It is a method that combines different classifiers to create a stronger classifier. First, it trains the
dataset with random subsampling. Then, each classifier makes its own predictions. In the final step,
the majority of these predictions are used to obtain the result ?°!. In this study, Random Tree was used

A decision tree is represented as a tree structure, and each internal node is associated with a feature.
As the dataset progresses through this tree structure, a decision is made at each node, and the data
point is directed along a branch based on the relevant feature’s value 3. The C4.5 decision tree
algorithm, known as J48 in WEKA, was used in this study.

It is an ensemble learning model that combines multiple decision trees. Each tree is trained on a
random subset of the dataset, and this process is repeated randomly. Then, each tree classifies the
data points, and the result of these classifications is subjected to majority voting 1**\.

Table 2. AI models used in this study
Categories Model Abbr. Description
Bayes
Network BN
Bayes
Naive
Bayes NB variables 12,
Multilayer MLP
Perceptron
_ Simple st
Functions Logistic
Sequential
Minimal SMO
Optimization (7],
K-NN (K=1) INN
Lazy-learning K-NN (K=3) 3NN
algorithms K-NN (K=5) 5NN
K-NN (K=7) 7NN
Bagging REP Tree | Bagg-Rep
Bagging Random
Forest Bagg-RE
Meta-learning | Bagging Multilayer Bagg-MLP
algorithms Perceptron
Randorjn RC
Committe
as the classifier.
Decision Tree DT
Tree-based
algorithms
Random Forest RF
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This study used the R programming language ' and the
WEKA 3.8.5 (Waikato Knowledge Analysis Environment)
tool 2. The R programming language was employed
for imputing missing data and determining feature
importance scores. The WEKA tool was used for data
balancing and classification tasks. The K-fold cross-
validation (CV) technique was employed for both the
training and testing phases of the classification methods.
This technique divides the dataset into K equally sized
subsets. While K-1 subsets are used for model training,
the remaining subset is reserved for testing the models
performance. This process is repeated K times, with each
subset used once for testing. The average of the K results is
used to combine classification outcomes and assess overall
performance. The CV technique is crucial for impartially
evaluating model performance because it utilizes the
entire dataset for model training and performance testing.
In this study, a 10-fold cross-validation was implemented.

Measurement of Models Performance

The study used the Accuracy (ACC) and the Area Under
the ROC Curve (AUC) metric to evaluate the prediction
performance of artificial intelligence models for surgery
and survival. Accuracy represents the ratio of correctly
identified cases to the total number of cases (Equation
1). In this study, accuracy reflects the ability to correctly
identify the need for surgical intervention and to
accurately describe the horse’s survival status.

Correct Predictions

Accuracy =
Y All Predictions (1)

The ROC curve is a graph that illustrates the variation in
sensitivity and specificity at different threshold values,
and the AUC measures the area under this curve. A high
AUC value indicates that the model performs well and can
classify accurately **l. AUC was used to evaluate the ability
to accurately predict the need for surgical intervention
and the likelihood of a horse’s survival.

Feature Selection

Feature selection is a process that involves choosing the
most relevant and informative features from a dataset
while excluding less important ones. By doing so, the
dimensionality of the dataset is reduced, leading to
faster AI model execution, lower memory consumption,
and a streamlined analysis process. However, model
performance may not always improve after the feature
reduction process. While removing some features may
enhance predictive performance, in some cases, it risks
losing important information.

In fields such as veterinary medicine, data collection can
be a challenging and costly process. The more accurate
predictions can be made with less data, the more time
and cost savings can be achieved. In this study, we

calculated feature importance scores for the surgery and
survival variables. We used the “importance” function
in R programming for this purpose ®*. This method
measures the importance of each feature and provides an
importance ranking. Feature importance was calculated
based on the Gini importance criterion, which indicates
each feature’s contribution to the models predictive
performance. After calculating the feature importance
scores, we measured predictive performance by iteratively
removing features, starting with the least important ones.
This process identified the feature group that yielded the
highest predictive performance.

RESULTS

In this study, the prediction performances of AI models
were analyzed after applying pre-processing and post-
processing steps to achieve highly accurate predictions.
In the pre-processing step, features in the dataset were
transformed, missing values were handled, and data
balancing procedures were carried out. In the post-
processing step, a feature selection process was performed.

For the prediction of surgery and survival, a comparative
performance analysis was conducted using 15 different
artificial intelligence models on three different versions
of the dataset. The original dataset containing missing
data (referred to as original), the dataset in which missing
values were imputed using the missForest method
(referred to as imputed), and the dataset that was balanced
after imputation (referred to as balanced) were compared
in terms of the prediction performance of 15 AI models
in Table 3.

According to the findings obtained, it was concluded that
the ‘balanced” dataset had the highest average accuracy
for both surgery and survival predictions (80.76% and
77.96%, respectively). The dataset with the lowest average
accuracy for both output variables was the original dataset
(78.73% for surgery and 72.44% for survival).

According to the results presented in Table 3, the high
accuracy value of the balanced dataset indicates that the
processed and balanced version improved the accuracy
of predictions. Therefore, the balanced dataset will be
used for further procedures in the subsequent steps of the
study. In evaluating the impact of datasets on prediction
performance, using the average of 15 different AI models,
rather than a single model, demonstrates that success is
model-independent.

Furthermore, to determine the most successful model in
making surgery and survival predictions, the prediction
performance of 15 AI models was compared internally.
The accuracy of surgery and survival predictions for the
balanced dataset can be seen in Table 3, and the AUC
values are presented in Fig. 2.
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Table 3. Accuracy (%) results of models on different datasets for surgery and survival prediction
Prediction of Surgery Prediction of Survival
Model %l:f::;l Imputed Dataset BI;L i:sceetd Original Dataset | Imputed Dataset Bgzzsc::i
BN 77.59 76.92 75.27 72.57 75.58 79.15
NB 71.57 73.24 73.33 73.57 75.58 78.02
MLP 77.25 76.92 78.61 68.89 70.90 73.23
SL 80.60 80.26 81.66 70.23 70.24 77.46
SMO 79.93 80.60 81.66 69.89 73.24 77.18
INN 73.24 74.91 79.72 68.56 72.57 78.87
3NN 74.58 75.91 81.11 68.56 75.58 80.00
5NN 77.59 79.59 83.05 68.56 74.25 79.72
7NN 77.59 79.26 82.22 69.23 73.24 80.28
Bagg-Rep 80.94 80.6 81.94 73.57 74.58 76.34
Bagg-RF 82.60 82.94 84.16 78.26 79.26 80.56
Bagg-MLP 80.26 81.93 80.83 73.91 75.25 76.34
RC 83.27 78.59 82.50 76.92 73.91 80.00
DT 81.27 79.59 79.44 77.25 74.58 71.55
RF 82.6 84.28 85.83 76.58 73.25 80.75
Average 78.73 79.04 80.76 72.44 74.13 77.96

Feature selection was carried out to examine the impact
of features in the dataset on prediction performance
and, if possible, to make predictions with fewer features
while achieving higher accuracy. The importance scores
of features in the dataset were calculated using the
importance function. In Fig. 3 and Fig. 4, the importance
scores of features for surgery and survival datasets and the
prediction accuracy obtained through RF classification
are presented.

When examining Fig. 3, it can be observed that the
feature with the lowest importance for surgery prediction
is lesion_3 (gini index = 0). Starting with the feature of

lowest importance, features were iteratively removed
from the dataset, and surgery prediction was made
using the RF method. When all features were used,
surgery was predicted with an accuracy of 85.83%, but
when the 14 features with the lowest importance were
removed from the dataset, the prediction accuracy
increased to 86.38%.

Asseenin Fig. 4, the accuracy rate of the survival prediction
made using all features with the RF method is 80.75%.
However, removing the least important six features
from the dataset, increased the prediction accuracy to
83.85%. These results demonstrate that removing the
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least important features from the dataset enhances the
performance of survival prediction.

These findings also indicate that feature selection improves
the accuracy of surgery and survival predictions and
that removing unimportant features can enhance model
performance. The results also emphasize the importance
of reducing model complexity to make more effective
predictions in Al classification problems.

Di1sCcuUsSION

In recent years, artificial intelligence methods have become
widely used in various disciplines. However, in the field of
veterinary medicine, the use of this technology has lagged
behind and has yet to gain the expected popularity >,
One of the primary reasons for the limited use of artificial
intelligence in this field is that datasets are typically
private and have limited accessibility. In human medicine,
artificial intelligence has been extensively researched for
many years, and there are many publicly available datasets.
However, researchers often use data collected on animals
in their own studies. The privacy of datasets hinders the
development of interdisciplinary studies and restricts the
transparency and accuracy of the obtained results **.. We
believe that sharing data publicly is a necessity for more
interdisciplinary work in the field of veterinary medicine.

This study systematically applies artificial intelligence steps
to the publicly accessible Horse Colic dataset on Kaggle,
providing comparative results. Despite its publication
many years ago, the Horse Colic dataset has yet to receive
extensive study due to its complexity. The dataset includes
data for 27 features from 299 horses, encompassing three
types of data (continuous, discrete, and nominal). It also
exhibits a relatively high rate of missing values (Table 1)
and is imbalanced.

Missing values are a common issue in real-world dataset 1*7.

containing missing data. In WEKA, artificial intelligence
models can be used with datasets that include missing
instances, but the missing samples are ignored. Both
scenarios present challenges for researchers. Refrain
from missing values further reducing the already limited
number of examples in this field. Additionally, especially
in medical datasets, accurately completing missing values
is crucial to avoid making incorrect predictions. One of the
primary objectives of this study is to fill in missing values
in the dataset accurately. In many artificial intelligence
applications, missing values in the dataset are either
ignored or replaced with the mean value. However, several
successful methods have been developed to complete
missing values accurately. Mishandling missing values in
a wrong or incomplete manner can lead to misleading or
unreliable results. In this study, the missForest method,
which has previously demonstrated its effectiveness, was
used to impute missing values. The findings from the
study indicate that the imputed dataset leads to more
successful accuracy in surgery and survival predictions
compared to predictions made with the original dataset.

The study’s secondary aim is to deal with the challenge
of imbalanced data. This is because dealing with dataset
imbalances is important in improving prediction
performance. Data imbalance issues arise in fields like
veterinary medicine, where rare events like death are
represented by a limited number of examples in the
datasets. These imbalances negatively affect the model’s
learning process and prediction performance . The
SMOTE method was used in the study to address the
dataset imbalance. When the prediction success of the
balanced dataset is compared with the other datasets
(original and imputed), the highest accuracy rates
are obtained from the balanced dataset. These results
demonstrate that carefully addressing data imbalance
issues and using data balancing methods have a positive
effect on the performance of model predictions.

The third main objective of the study is to identify the
most effective artificial intelligence model for surgery
and survival predictions. For this purpose, predictions
were made using 15 different models. When comparing
the performance of the models for surgery and survival
predictions, it was concluded that the RF method is
more successful than the other methods. The RF method
has demonstrated successful results in solving various
problems. Therefore, the RF method can be an effective
option in various application areas in veterinary medicine.

The ultimate goal of the study is to make more successful
predictions with fewer features in the dataset. This is
because numerous dataset features can increase model
complexity and raise the risk of overfitting. Therefore,
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feature selection makes the model more straightforward
and effective. Additionally, since collecting medical data is
a challenging process, making more accurate predictions
with fewer features is important in data collection and
resource utilization. In this study, feature importance
scores were calculated using RF importance. It was
concluded that when features with low importance were
removed from the dataset, more accurate predictions
could be made with fewer features (Fig. 2). This is a crucial
aspect to be considered in data analysis and artificial
intelligence studies in veterinary medicine.

In conclusion, this study was conducted to explore the
potential of artificial intelligence methods in veterinary
medicine and address significant challenges in this area.
Artificial intelligence holds great potential in veterinary
medicine as well. However, its use in this field is still
limited and faces essential barriers, such as the private and
limited accessibility of datasets. The objective of this study
was to enhance artificial intelligence research in veterinary
medicine by showcasing methods to handle missing data,
alleviate data imbalances, and simplify model complexity.
In the future, creating and sharing more publicly accessible
datasets could encourage the wider adoption of artificial
intelligence methods in veterinary medicine. Additionally,
interdisciplinary studies in this field could make valuable
contributions to animal health and treatment.
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INTRODUCTION

Abstract

Mucormycosis is a type of opportunistic fungal infection caused by the Mucorales
order of Zygomycetes. The study’s goal was to characterize Lichtheimia and other fungal
agents in Tekirdag province of Tiirkiye by morphological and molecular methods. Head
hair and skin scrapings of 13 cattle with mucormycosis lesions inoculated onto Rose
Bengal Agar, Potato Dextrose, and Malt Extract Agar. After the incubation at 25°C and
27°C, pure colonies were evaluated morphologically and microscopically. For molecular
identification, DNA isolation and PCR studies were followed by sequence analysis and
the results were compared with the data in GeneBank using the nBLAST tool. ITS1/
ITS4 primers used in PCR study. Fungal species were identified with data verified after
morphological and molecular identification. The sequence analyses revealed that 12
samples had L. ramosa HBF570, 7 samples contained A. niger HBF572 and P, crustosum
HBF571, 2 samples contained A. chevalieri HBF573 and A. flavus HBF576, and one
sample contained A. pseudoglaucus HBF577 and Aspergillus sp. HBF570. The study’s
causative agents emerged were environmental fungus species. In conclusion, because of
the fungal diversity in the environment, hygiene investigations must be conducted and
implemented for the protection of mucormycosis.

Keywords: Cattle, Lichthemia ramose, Mucormycosis, Sequencing

Fungi from the order Mucorales cause zygomycosis
more frequently in people than fungi from the order

Mucormycosis is a major cause of death in humans and
animals caused by opportunistic infections present in
the environment. Mucormycosis is a dangerous fungal
infection that primarily affects the immunocompromised.
Infections can be distinguished by widespread
angioinvasion and necrosis. Mucor pathogens are
zoonotic pathogens found in soil, decaying debris and
cow feed, such as straw ). Mucormycosis is caused mostly
by Mucorales (Mucoromycotina), which includes Mucor,
Rhizomucor, Rhizopus, and Lichtheimia (previously
Absidia), and Mortierellales (Mortirellomycotina), which
includes Mortierella 1.

Entomophthorales. Zygomycosis is classified into several
infection kinds based on the location of the lesions.
Zygomycosis, regardless of the kind of fungal infection, is
a deadly threat which demands prompt, correct diagnosis
and treatment. Mucormycosis is the most common
cause of zygomycosis in humans and cattle. Bovine
zygomycosis typically causes isolated lesions (most
commonly lymphadenitis or stomach zygomycosis) and
is usually discovered inadvertently during a necropsy or
slaughterhouse check. Cattle deaths from zygomycosis
are uncommon Pl. Mucormycoses are divided into
rhinocerebral, pulmonary, cutaneous, gastrointestinal, and

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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disseminated forms based on the location of the lesions. In
cattle, these infections have been linked to gastroenteritis,
meningoencephalitis, and endometritis ). Mucormycosis
spreads quickly. It causes fungal emboli and necrotic
suppurative lesions. Mucoromycotina is extremely invasive
in the circulatory system. The agent is rarely discovered in
suspect material for fungal isolation during diagnosis, and
the fungus required for identification cannot be produced
in the majority of cases. Due to the lack of clinical signs
in cows and the complexity of the diagnostic process,
diagnostic examination for fungal agents is frequently
overlooked ©°\.

Although Lichtheimia species (particularly L. ramosa and
L. corymbifera) are prominent mucormycosis causes, it is
uncertain whether the same risk factors underpin fungal
infection caused by different mold genera and species . L.
ramosa is a thermotolerant soil fungus commonly found
near cattle in hay, grain, bedding, and silage. L. ramosa is
also a common part of the stomach fungal flora ). The
genus Lichtheimia (Mucorales, Lichtheimiaceae) is made
up of saprotrophic fungi that live in soil, plants, indoor
air, food products, and excrement, and it contains major
mucormycosis causal agents in humans and animals.
Lichtheimia species are found on all continents, with
isolates from both environmental and clinical sources .
Fungal spores and hyphae are abundant in cattle feed, and
oral intake appears to be the most likely route of infection.
Endogenous infections may also occur since mucoralean
species, including L. corymbifera and L. ramosa, are among
the filamentous fungi found in healthy bovine rumen
fluid . Rhinocerebral mucormycosis has been observed
as a result of a possible postnatal infection with L. ramosa
P, Striatal necrosis caused by L. ramosa was reported in
a newborn calf "l. In humans, nasal L. ramosa infection
arises as a result of inhaling asexual spores and leads to
cerebral lesions °l.

Morphological, microscopic and molecular methods
need to be evaluated together in the identification of
fungi. Nowadays, molecular methods with the support
of universal databases are quite successful in obtaining
accurate results. Specialized regions of Fungal nuclear
ribosomal DNA are used in the molecular identification
of fungi. Fungal nuclear ribosomal DNA (rDNA)
consists of three parts: the large subunit gene (25S), the
small subunit gene (18S) and the 5.8S gene, separated by
internal transcribed spacer (ITS) regions. ITS regions play
an important role in the molecular identification of fungi.
Primers targeting the amplification of these ITS regions
are generally used to identify fungi, and these primers are
universally used to identify many fungal species !"*!!].

This study aimed to determine the morphological and
molecular characteristics of fungal agents that induce
keratinization lesions of varying sizes and numbers on the
skin of cattle bred in Tekirdag province, Tiirkiye.

MATERIAL AND METHODS
Ethical Statement

“Informed Consent Form” was obtained from animal
owners for sampling the material of the study, and “Animal
Experiments Local Ethics Committee Approval” is not
required for the study.

Hair and Skin Rash (Scraping) Samples

The material of the study was selected from a private
enterprise engaged in mixed cattle and dairy breeding
in Kirkkepenek village of Tekirdag province (Tiirkiye),
which had a total of 35 cattle, including 22 cattle with
keratinization lesions of various sizes and numbers on
skin. Hair and skin scraping samples were taken from 13
cattle with at least five lesions of similar size (Fig. 1). Before
sampling, the areas around the lesions were cleaned with
70% alcohol, the skin debris was scraped with a sterile
scalpel, and the hairs were pulled with a sterile forceps
and placed in sterile containers. The samples taken were
stored at +4°C until the laboratory studies 12,

Fungus Isolation

From the samples brought to the laboratory, a certain
amount of hair and skin scrapings were taken with sterile
forceps under aseptic conditions and inoculated onto
Rose Bengal Agar and incubated at 25°C and 27°C for 30
days. During the incubation, the samples were checked
at certain periods (every 7 days) and their growth was
observed. Different colonies or mycelia were planted
on Potato Dextrose Agar (PDA) and Malt Extract Agar
(MEA) and pure colonies were obtained by incubating the
petri dishes at 25°C and 27°C.

Morphological and Microscopic Identification

Morphological characteristics of pure colonies obtained
in PDA and MEA were evaluated. For the morphological
evaluation, visual characteristics of their colonies, such

Fig 1. Macroscopic view of the sampled lesions (A-C)
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as color, shape, size, and surface texture, were taken into
account . Fungal samples were stained with lactophenol
cotton blue. The cellular structures, hyphae and spores
were measured under the microscope.

Molecular Identification

Each of the pure fungal colonies was incubated at 25°C
and 27°C for 5-7 days, and after mycelial development
was achieved, the micelles were used in DNA isolation.
For DNA isolation, mycelial samples were frozen at
-20°C and then the cell walls were disrupted by applying
liquid nitrogen. Following this physical fragmentation,
the Phenol-Chloroform Isoamyl Alcohol method was
used for DNA isolation 2. After DNA isolation, the total
DNA amount of the isolates was measured at 260-280 nm
absorbance with a nanodrop spectrophotometer. DNAs
were stored at -20°C until used in the PCR.

For the fungal isolates, the PCR method was performed as
described by Biyik et al.*) and White !"*.. For this purpose,
25 uL PCR buffer was prepared for each 35-cycle PCR
reaction. Mastermix (AMPLIQON) was used for the PCR
reaction. ITS1 (5-TCCGTAGGTGAACCTGCGG-3’)/
ITS4 (5-TCCTCCGCTTATTGATATGC-3’) primers
were used in the PCR mix was adjusted to 25 pL with
containing 12.5 uL of master mix, 9.5 pL of dH20, 0.5 pL
of each primers and 2 pL of DNA. PCR conditions were
denaturation at 95°C for 2 min, annealing at 56.9°C for
30 sec, and extension at 72°C for 1 min. Sequence analysis
of the amplicons whose PCR studies were completed was
outsourced to Innopenta Biotechnology company. The
analyzed DNA sequence results were compared with the
data in GeneBank using the nBLAST program (https://
blast.ncbi.nlm.nih.gov/) and molecular identifications
were made.

The analyzed DNA sequence results were compared with
the data in GenBank using the nBLAST program (https://
blast.ncbi.nlm.nih.gov/) and molecular identification
was performed. The identified isolates were registered
in GenBank. A phylogenetic tree was created for the
evolutionary relationships of the isolates identified using
the MEGA X program. Phylogenetic tree created with the
maximum likelihood method. The percentage of trees in
which related taxa were brought together was determined
using the bootstrap (1000 repetitions) test. Evolutionary
history was evaluated using the Tamura-3 parameter
model and the Maximum likelihood method. Gamma
distribution (G+ parameter 1) was used to model the
difference in evolutionary rates between regions.

RESULTS
Isolation Results

Images of hair and skin rash (scraping) samples taken
from 13 animals with at least five lesions after Rose Bengal

Fig 3. Morphological and microscopic images of L. ramosa. A, B- lower
and upper surface of the colony; C, D- columella structures

Agar Chloramphenicol Agar incubation are presented in
Fig. 2. Samples with different morphologies developed
in petri dishes were purified. Purified samples were
identified as Lichthemia ramosa, Penicillium crustosum,
Aspergillus niger, Aspergillus chevalieri, Aspergillus
cristatus, Aspergillus flavus, Aspergillus pseudoglaucus
and Aspergillus sp. according to their morphological and
microscopic examinations.

The fungi identified as L. ramosa (Zopf) Vuill. (1903)
grow slowly on PDA medium in the first 5 days and in the
7%h-10" days. It grew to cover the entire petri dish within
days. The hyphae covered the entire petri dish and reached
the petri lid and were white in color. The bottom surface
of the colony contained yellow color in certain areas (Fig.
3-A,B). The columella was spherical and measured 1000
um (Fig. 3-C,D, 40X). Sporangiospores were observed as
flat spheroids and mostly hemispherical.

Colonies of the fungi identified as A. cristatus (Raper &
Fennell) formed after 7 days of incubation in MEA at 25°C
were examined. The lower part of the colony was yellow,
fragmented, and the edges on the colony surface were
surrounded by bright yellow color, and the middle part
was brown (Fig. 4-A,B). Colony diameter was measured
as 15-18 mm. The cleistothecium structure and the
ascus structures within it were seen (Fig. 4-C). Ascus and
ascospores are seen in Fig. 4-D, and conidiaspore and
conidiophore structures are seen in Fig. 4-E.
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Fig 4. Morphological and microscopic images of A. cristatus. A,B - bottom
of colony surface; C- cleistothecium and ascus structures within it; D-
ascospores with ascus; E- conidiaspore and conidiophore structures

Fig 5. Morphological (A-D) and microscopic (E, F) images of A. niger

The fungi identified as A. niger (sensu auct. pro parte,
pre 2007) spread and formed colonies on PDA medium
during an incubation period of 7 days at 27°C and 25°C.
Colony sizes varied between 15-25 mm in MEA and 50-
60 mm in PDA medium. The lower surface of the colony
was flat, surrounded by a yellow-white zone (Fig. 5-A,C),
and the colony surface had a black wooly structure (Fig.
5-B,D). Conidia and conidiaspores were brown-black in
color (Fig. 5-E,F). Conidiaspores were 3-4 um in diameter
and had a rough-spiny surface.

The fungi identified as A. chevalieri (L. Mangin, Thom &
Church 1926) formed a colony on PDA medium during 7
days of incubation at 25°C, with a yellow, shiny appearance
on the lower surface and a light yellow middle part on
the upper surface, surrounded by a light brown line (Fig.
6-A,B). Colony sizes in MEA was measured between 15-
20 mm. The cleistothecium structure was measured as 520
um (Fig. 6-C).

Fig 6. Morphological (A, B) and microscopic (C) images of A. chevalieri

Fig 8. Morphological (A) and microscopic images (B) of A. flavus

The fungi identified as Aspergillus sp. formed a colony of
15 mm with yellow, slightly fragmented lower surface in
the MEA. The upper surface of the colony was surrounded
by green lines and the middle was yellow (Fig.7-A,B). As
a result of microscopic examination, hyphae, conidia and
vesicle structures were seen, with septa and spores in a
circular structure (Fig.7-C).

Fungi identified as A. flavus (Link, 1809) formed green-
white colonies with a diameter of 30-35 mm on a 60 mm
petridishin MEA (Fig. 8-A). The stem of the vesicle, which
had a spherical structure and a diameter of 20-30 um, was
seen to be long and the conidia had rough surfaces with a
diameter of 3-4 pm (Fig. 8-B).

The fungi identified as A. pseudoglaucus (Blochwitz) were
observed to form yellow-light brown colored colonies on

Fig 9. Morphological (A, B) and microscopic (C) images of A.
pseudoglaucus
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Fig 10. Morphological (A, B) and microscopic (C) images of P. crustosum

the PDA medium with dull yellow and short mycelium
on the lower surface (Fig. 9-A,B). The colony diameter
was measured as 30 mm and the vesicle section at the
end of the long stalk was measured as 700 pm with a 40X
objective (Fig. 9-C). The conidia were 4-7 um long, had an
ellipsoid structure and a rough surface.

The fungi identified as P. crustosum (Thom, 1930) formed
colonies with a yellow-cream colored lower surface and
a green powdery structure on the upper surface of the
colonies growing on PDA medium (Fig. 10-A,B). A colony
surrounded by a white thin structure and forming a light
yellow pigmentation was observed. Conidia were spherical
and in long chains (Fig.10-C).

Molecular Identification Findings

Thirteen fungus samples, which were predicted to be
morphologically different from the fungus samples
growing in petri dishes, were sent to the sequencing
service. As a result of the sequencing, 8 different species,
some of which were the same species, were identified from
these 13 fungal samples. As a result of the identification, of
the 13 samples examined in the study (hair and skin rash/
scratching), 12 samples contained L. ramosa HBF570, 7
samples contained A. niger HBF572 and P. crustosum
HBF571, two samples each contained A. chevalieri
HBF573 and A. flavus HBF576, and one sample each
contained A. pseudoglaucus HBF577 and Aspergillus sp.
HBF570 was determined.

The species obtained as a result of the sequence were
recorded in GeneBank. GeneBank registration codes and
accession numbers of the species are given in Table 1. The

Table 1. Data obtained as a result of the sequence

Species Name 1;;:1::::: L S(;r/:;ilarity
Lichthemia ramosa HBF570 OR588056 98
Penicillium crustosum HBF571 OR588057 99
Aspergillus niger HBF572 OR588058 99
Aspergillus chevalieri HBF573 OR588059 97
Aspergillus cristatus HBF574 OR588060 99
Aspergillus sp. HBF575 OR588061 96
Aspergillus flavus HBF576 OR588062 98
Aspergillus pseudoglaucus HBF577 OR588063 100

Aspargilius niger

Pomicillium crustosum

— Azpargillux zp.

Penicillium crustosum

Lichthemia ramasa
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Fig 11. Phylogenetic tree model of isolated species

data obtained after molecular identification was analyzed
in the MEGA X program and a phylogenetic tree was
created (Fig. 11).

After inoculation and incubation of the study samples
by serial dilution, colonies with different morphological
characteristics developed in the petri dishes. Considering
the development density of these colonies in the petri
dish, the development density of the species identified
in each sample is expressed in Fig. 12. In the figure, the
different species isolated and identified from each sample
are given in their own column. The isolated species were
expressed by dividing them according to a numerical ratio
within the column, depending on the number of colonies

in the petri dishes.
2
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Fig 12. Number of colonies (density/distribution) of species isolated from
hair and skin samples
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Di1SCUSSION

Mucormycosis (zygomycosis) is a dangerous but
uncommon fungal infection caused by the Mucormycetes
mold class. These fungi can be found all over the
place. They are found in soil and decaying organic
materials such as leaves, compost piles, and rotten
wood ™. Mucormycosis is caused by Rhizopus, Mucor,
Rhizomucor, Syncephalastrum, Cunninghamella Bertholletiae,
Apophysomyces, and Lichtheimia species "®. The main
source of infection is direct contact with fungus spores in
the environment. L. ramosa is a fungus species that has
been discovered as the dominating (dense) species in hair
and skin scraping samples in this investigation. It is an
opportunistic pathogen in both animals and humans. This
type of fungus produces mucormycosis, which damages
several organs. The only report on L. ramosa in our nation
was of pulmonary mucormycosis in a human with HIV
infection ¥, but no reports on animals were discovered.
Many diseases caused by L. ramosa are being studied
around the world. L. ramosa was found in the internal
organ tissues of a pregnant cow in a study conducted in
Korea when different tissue samples were evaluated after
death. This study documented the case of angioinvasive
mucormycosis in cattle ®!. Tanaka et al.” investigated a case
of rhinocerebral zygomycosis in calves caused by L. ramosa
infection. The fungus infiltrated the brain via the olfactory
nerves, according to histopathological analysis. This study
was reported as the case of rhinocerebral zygomycosis
affecting cattle. A recent study on the identification of L.
ramosa in tissues was conducted and presented by Iwanaga
et al.”l. The researchers claimed that the histological study
performed after the necropsy of a 12-day-old male calf
that died as a result of different neurological abnormalities
was the report of striatal necrosis induced by L. ramosa
in a newborn calf. Furthermore, mucoral species such as
L. corymbifera and L. ramosa have been detected in the
rumen fluid of healthy calves and may cause endogenous
infections. L. ramosa was found in samples taken from
the calf neck area of a study in which dermophyte and
non-dermophyte fungi isolated from lesional areas of
different animals were identified. ITS regions were used
in fungus molecular identification investigations 1°.. This
study’s technique and findings sections overlap with ours.
According to the research, L. ramosa has been detected in
several cases in animals. L. ramosa was found in all but
one of the hair follicles and skin scrapings/rash collected
from lesional regions in cattle in our investigation.

Aspergillus species produce diseases known as “aspergillosis”
in mammals. In pregnant animals, aspergillosis causes
gastrointestinal disorders, lung tissue damage, and waste 2!,
When Aspergillus instances in cattle were evaluated,
mycotic abortion was frequently seen. A. flavus, A.
fumigatus, A. nidulans, A. terreus, A. niger,and A. versicolar

are the species that induce waste in cattle 22, A. cristatus
is a species that has been isolated from many different
parts of the world. This fungus, known as golden blossom
in China, is utilized as a flavour during the fermentation
stage of a local tea 1. It’s been isolated from strawberry
puree and Philippine peanuts as well 'l These fungi have
been found in the Kocaeli-Catalca region of Tiirkiye 2%,
A. niger is a fungus that has been thoroughly studied and
has numerous features defined among all fungal species.
It produces mycotoxin and has a classic mold appearance
with its black conidia. Although this species is common
in fruits, vegetables, cereals, and nuts around the world,
it has also been detected in a variety of herbal items in
our country. A. chevalieri is a common fungus species
that causes spoiling in various plant products and foods
(cereals, chocolate, fatty nuts, meat, and fruits) due to its
enzymatic activities. A. pseudoglaucus is another species
that causes food deterioration. This strain was identified
from cheese, processed meat, and grains. It has been
observed in our country from the Aegean, the Catalca-
Kocaeli, and Sakarya. Previously, Penicillium crustosum
was isolated from animal feed and has been linked to crop
losses in cereals "' In Tiirkiye, P. crustosum has also been
isolated from rice and wheat .

It is thought that the Aspergillus species identified in the
study contaminated calf hair and skin from their spores
found in the barn environment. Likewise, it is predicted
that L. ramosa HBF570 may be present in the barn
environment and cause lesions by contaminating calf hair
and skin. The pathogenicity of Aspergillus and L. ramosa
species in animals and humans may have been learned
earlier. These species include lung, nasal sinus, brain, eye,
skin, gastrointestinal tract and multiple causes systemic
ethnicity . Fungi belonging to the order Mucorales cause
saprophytic opportunistic infections 7’ In the study, the
sequences were documented in GeneBank as a report on
the isolation and identification of L. ramosa HBF570 from
cow hair and skin scrapings. Other species isolated in the
study were molecularly identified from bovine lesional
skin by comparison with the updated data of Asan ©*
and entered into the gene bank records. Control of these
pathogenic agents is important for animal health. These
agents can enter the body system through the air and skin
and cause a systematic disease. For this reason, hygiene
studies should be carried out by taking into account the
richness of fungi in the barn environment, and diseases
should be prevented from infecting the internal organs of
the cow through the hair-skin surface and air.
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INTRODUCTION

Abstract

An elevated temperature in the environment increases the core body temperature which
stimulates thermoregulatory mechanisms. The aim of this study was to examine the
effect of elevated temperature on number and shape of leukocytes using descriptive
statistics and geometric morphometrics. The study included 32 Wistar rats divided into
two groups according to exposed temperature (41°C and 44°C) and more two subgroups
in groups associated with death (antemortem and postmortem). Peripheral blood smears
were performed before exposure to temperature and after exposure to temperature.
The number of leukocytes was determined. Images of peripheral blood smears were
taken, on which eight landmarks on the outside of leukocytes were marked in tpsDig
program. In the Morpho] program, we analyzed shape of leukocytes. The results showed
significant differences in the number of neutrophils and lymphocytes in subgroup
antemortem and in subgroup postmortem exposed to a temperature of 41°C. In group
exposed to a temperature of 44°C, a significant difference was found in the number of
all leukocytes, except monocytes in the antemortem subgroup, and except basophils and
eosinophils in the postmortem subgroup. The results of geometric morphometrics shape
analysis showed significant differences in the shape of lymphocytes between subgroups
antemortem and postmortem.Exposure to elevated temperature resulted with number
and shape changes of leukocytes.

Keywords: hyperthermia, white blood cells, geometric morphometrics, experimental
rats

effects of hyperthermia on certain cells, organs, and organ
systems. These studies can be performed on different

The negative effects of elevated air temperature on the
body are numerous and are noticeable in both healthy
and sick individuals. The body’s internal temperature
can reach 40.5°C, which can result in significant damage
to all organ systems, and the most severe consequences
will occur if the collapse of the central nervous system
develops as a result of hyperthermia, which will eventually
lead to an imbalance within the entire organism .

Precisely for this reason, there was a need to research the

cells, but due to the fact that changes in blood cells can be
found very quickly after exposure to high temperatures,
the hematological parameters play a very important role
in the diagnosis and prognosis of the effects of heat stress
on the body . The established daily rhythm of body
temperature is regulated by a complex thermoregulatory
center, localized in the preoptic nucleus of the front part
of the hypothalamus .. With constant exposure to high
temperatures, the organism must invest a certain amount

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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of energy to activate various adaptation mechanisms
in order to prevent its collapse or damage. The activity
of these mechanisms depends on the preservation and
functionality of the respiratory, circulatory, nervous, and
endocrine systems, and on the function of certain body
enzymes, which represent very important links that
contribute to the complex process of adaptation of the
organism to elevated temperatures, with the least possible
harmful consequences on the organism itself . However,
thermoregulation can only be carried out within certain
limits of ecological valence, below that limit hypothermia
occurs, and above that limit hyperthermia occurs, i.e.
overheating, which acts as a stressogenic factor on the
animal’s organism .

The increased temperature of the environment affects
the general condition of the organism, which results
in reduced physical activity, reflects on the motor and
cognitive functions of the organism, and increases the risk
of health problems, which has been proven by numerous
scientific studies 1#). Taking into account global warming,
it is necessary to examine how the increased temperature
of the environment is reflected on the organs and organ
systems, as well as on the cells of the organism exposed
to the increased temperature. It is also necessary to
investigate how the organism adapts to conditions of
increased environmental temperature.

Disorders of the leukocyte lineage after exposure to heat
stress are noticeable in the form of an increase in the
number of granulocytes and the ratio of granulocytes
to lymphocytes, which is a feature of inflammation ¥\
Numerous cellular and physiological effects occur after
long-term exposure to high temperature, which are used
to improve temperature tolerance, but also to change the
innate immunological response. Increased temperature
causes activation of phagocytes, granulocytes and
infiltration of lymphocytes, and expression of NK cells %1,

It has also been proven that heat can lead to disturbances
at the molecular level, causing numerous changes in
the leukocyte genes of the peripheral blood, which
consequently leads to a series of other changes within the
organism !,

In the literature, there are studies where the authors
examined the impact of increased environmental
temperature on animals. In a study conducted by Rana
et al.l"¥ in 2014, the authors examined the effect of
exposure to increased sunlight on indigenous sheep from
Bangladesh. The authors monitored how exposure to
elevated temperature over a long period of time affects
red blood cells (RBC), hemoglobin (Hb%), compacted
cell volume (PCV%) and white blood cells (WBC). This
research is of great importance considering that sheep
are exposed to high sunlight when grazing grass, which

has a great impact on the economy in the sheep industry.
The results of the study showed that exposure to elevated
temperature for a long time resulted in increased values
of the number of RBC, Hb% and PCV% which wa
statistically significant, while changes in WBC were not
statistically significant.

In a study conducted in 2019, Mofizur and the authors
examine the impact of increased water temperature on
juvenile Red Spotted Grouper Epinephelus akaara by
analyzing blood elements. The study included 180 tested
fish that were exposed to water temperatures of 25°C,
28°C, 31°C and 34°C for 6 weeks. Blood analysis was
performed after the second, seventh and forty-second
days. An increase in the number of red blood cells and
leukocytes was observed in the groups that were exposed
to temperature 31°C and 34°C after six weeks, and there
were abnormalities in erythrocyte cells. In the group
exposed to temperature 34°C, the analysis of number
of leukocytes showed an increase in the number of
neutrophils and a decrease in the number of lymphocytes.
The authors concluded that exposure to elevated water
temperature 31°C and 34°C changes the morphology and
number of blood cells in red spotted grouper, which may
affect their immune system !4,

Exposure to elevated temperature that conditions
hyperthermia was used for therapeutic purposes in
cancer patients, treated with whole body hyperthermia
and chemotherapy, before, during and one day after the
treatment. Apoptosis rates of the entire lymphocytes and
natural killer cells were determined. During treatment,
there was a significant increase in apoptosis in the entire
lymphocytes. In contrast, an increased rate of apoptosis in
natural killer cells was observed 20 hours after the finished
therapy .. Two treatment whole body hyperthermia
protocols are most commonly used: long-term exposure
to slightly elevated temperature and short-term exposure
to very elevated temperature !¢,

It was established that the number of blood cells cannot
be a realistic indicator of the true effect of heat, and that
morphological changes in blood cells should also be taken
into account in order to reach a conclusion about the real
effects of heat. The number of blood elements may be
within the reference values, but their function and form
are completely incorrect and ineffective !\,

The aim of this study was to examine the effect of
elevated temperature on number and shape of leukocytes
on experimental rats using descriptive statistics and
geometric morphometrics method.
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MATERIAL AND METHODS
Ethical Statement

The study was conducted at the Faculty of Veterinary
Medicine of the University of Sarajevo, by valid ethical
principles on biomedical research on animals and after
obtaining approval from the Ethical Committee at the
Faculty of Veterinary Medicine of the University of
Sarajevo (number: 07-03-850-4/22).

In the study was included 32 albino Wistar rats of both
sexes, six months old and weighing from 250 to 300 g. All
animals were kept under the same laboratory conditions
and for seven days before the experiment they were
kept in a vivarium with a 12-h light regime day-night
and at room temperature (20°C+2°C) for the purpose of
acclimatization and adaptation. During the duration of
the experiment, the animals received commercial feed
for laboratory animals and running water ad libitum.
Keeping and caring for animals, as well as conducting all
experimental procedures, were carried out in compliance
with international guidelines for biomedical research
on animals - CIOMS (The Council for International
Organizations of Medical Sciences) and ICLAS (The
International Council for Laboratory Animal Science).

The state of hyperthermia was achieved by immersing
the rats in water of temperature 41°C and 44°C. Before the
experiment, the rats were anesthetized with 10 mg/kg xylazine
HCI (Rompun® 2%, Bayer) and 50 mg/kg ketamine
HCI (Ketaminol® 100 mg/mL, MSD Animal Health),
by intramuscular injection into the thigh muscle (m.
quadriceps). We filled the water bath with water and heated
it to the target water temperature. The temperature of the
water was continuously monitored on the display with an
additional measurement with a probe immersed in the
water and a reading on the thermometer. We immersed a
previously anesthetized rat with its head above the water
level in pre-heated water of the target temperature. The
survival time was recorded, which included the time
from the immersion of the rats in the water of the given
temperature (41°C and 44°C) until the moment when
death was established. We defined hyperthermia as an
increase of 0.5°C in internal temperature, and heat stroke
as an increase in internal temperature above 40.5°C.

Experimental rats was divided into two groups according
to exposed temperature (41°C and 44°C) which were
further divided into two subgroups (antemortem and
postmortem). Before exposure to temperature, peripheral
blood smears were performed on each experimental rat so
that the animals themselves were the control.

Immediately before immersion in water, an esophageal
probe for measuring the internal temperature (RET-
4 Probe for mice and rats) was placed in the esophagus

(5 cm) of an anesthetized rat, and the core temperature
was continuously read on a thermometer (Physitemp
Thermalert Model TH-8) and recorded before immersion,
immediately after immersion, at the 20" min, and at
the moment of death. The thermometer and probe for
temperature measurement is manufactured by Physitemp,
Instruments Clifton, USA.

Blood for obtaining serum was sampled on two occasions:
7 days before the planned experiment from the tail vein
of anesthetized rats (control group) and another blood
sampling from the abdominal aorta during the duration
of the experiment. Peripheral blood smear with standard
staining (Giemsa) was performed. On peripheral
blood smears for each experimental rat in subgroups
the number of leukocytes (neutrophils, lymphocytes,
basophils, monocytes, eosinophils) was determined for
analysis of changes of the numbers of leukocytes. For
analysis of changes of morphology of leukocytes, images
of leukocytes on peripheral blood smears were taken. On
twodimensional models of leukocytes eight landmarks
on the outside were marked in tpsDig program. Position
of the landmarks is defined by values of x and y axis in
coordinate system. This values for all landmarks and for
all leukocytes we entered in the Morpho] program where
we analyzed shape of leukocytes and their difference
between groups.

Statistical Analysis

All statistical analyses were performed using SPSS version
13.0 for Windows (Chicago, IL, USA).

The distribution of quantitative variables was tested using
the Kolmogorov-Smirnov test. Results of descriptive
statistics for continuous variables were expressed as mean
and standard deviation (SD) for normally distributed
variables or as median and interquartile range for variables
with skewed distributions.

The categorical variables were reported as frequencies and
percentages. An independent two-sample Student t-test
assessed the significance of the mean differences between
the two groups. The Mann-Whitney U-test assessed the
difference in the values of parameters that showed a non-
normal distribution. The differences between categorical
variables were assessed using the Chi-square test. P values
less than 0.05 were considered statistically significant.

For shape analysis of leukocytes we used geometric
morfpmetrics method. On two-dimensional models of
leukocytes we marked 8 landmarks on each leukocytes
cells using tpsDig program. In Morpho] program we
analysed differences on the shape of leukocytes between
experimental groups using Principal Component Analysis
(PCA) and Discriminant Functional Analysis (DFA).
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Table 1. Mean values of the number of leukocytes in the control group and
in the antemortem group of rats exposed to temperature 41°C

Table 4. Mean values of the number of leukocytes in the control group and
in the postmortem group of rats exposed to temperature 44°C

Basal Values in Basal Values in
Type of Leucocytes f:tl::xrl(:)lrgﬁ:lfl Antze::;r)tem P Type of Leucocytes IS(:) Z?::i t(:;f_uf 4 Posg::;r)tem P
(n=6) (n=7)

Neutrophils x 10°/L 19.7+8.2 6.3+4.6 0.004 Neutrophils x 10°/L 15.6+1.99 3.6+2.8 <0.001
Lymphocytes x 10°/L 73.3£8.4 86.0£6.6 0.009 Lymphocytes x 10°/L 78.1£1.6 94.3+3.99 <0.001
Basophils x 10°/L 1.17+2.4 1.3£3.3 0.931 Basophils x 10°/L 0.79+0.91 0.0£0.0 0.062
Monocytes x 10°/L 1.17£1.8 1.67+1.5 0.681 Monocytes x 10°/L 2.1£1.6 1.4£1.6 0.526
Eosinophils x 10°/L 4.67+2.9 4.67+2.3 1.0 Eosinophils x 10°/L 3.4+13 1.0+1.4 0.001

Table 2. Mean values of the number of leukocytes in the control group and
in the postmortem group of rats exposed to temperature 41°C

Table 5. Results of correct classification test of lymphocytes of rats using
geometric morphometrics for external surface shape analysis

Basal Values in
Type of Leucocytes 1?0(::,:2;(::?1 Posz::;r)tem P
(n=7)
Neutrophils x 10°/L 18.0+5.4 7.0£6.9 0.022
Lymphocytes x 10°/L 76.0£5.9 81.3+6.4 0.183
Basophils x 10°/L 0.29+0.49 1.0+1.53 0.220
Monocytes x 10°/L 1.7+1.5 7.1+4.0 0.011
Eosinophils x 10°/L 4.0£1.5 3.6x1.6 0.667

Table 3. Mean values of the number of leukocytes in the control group and
in the antemortem group of rats exposed to temperature 44°C

Basal Values in

Type of Leucocytes f:tl:;zlr::zj; Ant;::;l;tem P
(n=6)

Neutrophils x 10°/L 18.3+2.7 3.8+4.2 <0.001
Lymphocytes x 10°/L 73.4+4.4 93.7+5.7 <0.001
Basophils x 10°/L 0.67£0.52 0.0+0.0 0.025
Monocytes x 10°/L 3.5£2.6 1.0+1.7 0.161
Eosinophils x 10°/L 4.17+1.3 1.5+1.5 0.01

RESULTS

The number of neutrophils decreased statistically
significantly, and the number of lymphocytes increased
statistically significantly in the group of rats exposed to
temperature 41°C- antemortem (Table I).

The number of neutrophils decreased statistically
significantly and the number of monocytes increased
statistically significantly in the postmortem group of rats
exposed to a temperature of 41°C (Table 2).

The number of neutrophils, basophils, and eosinophils
decreased statistically significantly and the number of
lymphocytes increased statistically significantly in the
antemortem group of rats exposed to a temperature of
44°C (Table 3).

The number of neutrophils and eosinophils decreased

Allocated to Allocated to Total
True Lymphocytes- Lymphocytes-
Number
Antemortem Postmortem
Number of
lymphocytes- 33 16 49
antemortem
Number of
lymphocytes- 18 39 57
postmortem
pm, lim
10 am, lim
8
>
Q
c 3
[
>
o
o 4
[
2
N
2

. o .
am, lim — pm, lim

Fig 1. Results of discriminant functional analysis of the shape of
lymphocytes between antemortem and postmortem groups of rats

statistically significantly and number of lymphocytes
increased statistically significantly in the postmortem
group of rats exposed to temperature of 44°C (Table 4).

Geometric morphometrics method is used for analysis of
shape of leukocytes where provided general Procrustes
analysis, test of correct classification and discriminant
functional analysis.

Test of correct classification based on the shape of external
surface of lymphocytes using geometric morphometrics
correct classified 33 of 49 lymphocytes in the group
antemortem (67.35% accuracy), and 39 of 57 lymphocytes
in group of postmortem (68.42% accuracy). Results of
test of correct classification showed in Table 5. These
differences are statistically significant, P value was 0.0104.

Fig. 1 showed the results of discriminant functional
analysis of external surface shape analysis of lymphocytes
in rats exposed to temperature.
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DISCUSSION A study by Edwards et al.®® on pigs showed a special

After the target organism is exposed to long-term
hyperthermia, a whole series of negative effects arise in
its immune system. Long-term exposure to hyperthermia
changes the immune response of organs and tissues,
leading to the activation of neutrophils at the site of
inflammation, infection or injury caused by elevated
temperature 18],

The present study showed a statistically significant
decrease in the number of neutrophils in the antemortem
and postmortem groups after exposure to temperatures
of 41 and 44 degrees, while in both groups there was an
increase in the number of lymphocytes. Since neutrophils
have the shortest lifespan of all leukocytes, it is believed
that this could be the reason for the statistically significant
decrease in their number, which was confirmed by the
results of our study. The lifespan of neutrophils in the
blood lasts an average of 8 hours, while in the tissues they
can last from 1 to 4 days "’ Exposure of neutrophils to
high temperatures leads to the creation of mediators that
accelerate their apoptosis, which results in a decrease in
their number. There are many such mediators; among
them, cytokines, chemokines, and some conditions such
as acidosis and hyperthermia stand out " Raheim et
al.?! stated that such changes in neutrophils may be the
result of changes in the action of the Na/K pump, which
results in a change in intracellular osmolarity, but it is not
excluded that hyperthermia may lead to direct mechanical
damage to the cell membrane.

Although a statistically significant change in the number
of neutrophils was observed, no statistically significant
difference in the shape of neutrophils was found using
geometric morphometrics. The reason for this may be
because hyperthermia led to the destruction of a larger
numberofneutrophils,whichultimatelyledtoalowabsolute
number of relatively preserved neutrophils on which
shape could be assessed by geometric morphometrics. In a
pilot study on rats, Iba et al.?? neutrophils were presented
with a hypersegmented, clustered nucleus, but no changes
in the shape of the outer surface of neutrophils were
observed. In our study, in the geometric morphometrics
program, we marked the landmark points on the outer
surface of the cell membrane and not on the nuclei. Unlike
neutrophils, lymphocytes showed statistically significant
shape changes using geometric morphometrics. Exposure
of rats to hyperthermia consequently led to an increase in
the number of lymphocytes, which allowed us to initially
have a higher absolute number of lymphocytes that we
could subject to geometric morphometrics analysis.

In our study, eosinophils were more sensitive and
showed a significant decrease in number compared to
basophils, after exposure to a temperature of 44°C.

sensitivity of eosinophils to an increase in temperature,
in which necrobiotic changes and extreme lobulation of
the nucleus occurred after exposure to hyperthermia for
one h. Such changes undoubtedly reduce their number
in the peripheral blood smear, which agrees with our
results. Salanova et al.** state that exposure to heat also
affects the internal processes of neutrophils, interfering
with signal transmission within the cell itself. This type of
destabilization of cellular processes can occur even during
short-term exposure to heat stress.

In the blood of rats under physiological conditions, the
number of eosinophils, basophils and monocytes is low.
Considering this, it is very difficult to determine the effect
of elevated temperature on these cells. In our study, too,
we only found a decrease in the number of eosinophils
in two groups of rats after exposure to a temperature of
44°C, while an increase in the number of monocytes was
recorded only in one group . Our results correlate with
the results of the study by Mahmutovic and associates,
where it was found that eosinophils did not show
statistically significant variations during the test, which is
expected, according to their role in the body ..

In vitro studies showed that an increase in temperature
leads to increased production of lymphocytes and
antibodies .. In our study, there was also a significant
increase in the number of lymphocytes in all tested groups,
regardless of the exposed temperature. An exception is the
postmortem group after exposure to a temperature of 41°C.
The results of the previous research showed a significant
decrease in the number of T lymphocytes in organisms
exposed to hyperthermia in a standardized hyperthermic
spa with a mean increase in rectal temperature of 1.35°C,
but without a significant change in the total number of
lymphocytes 2.

In our study, we did not classify lymphocytes into B or
T lymphocytes. Therefore, the unchanged number of
lymphocytes in one group may be the reason for the
missing additional classification. Also, Ashman et al.*’!
state that blood T-lymphocytes incubated at 39°C show
an increased response to the stimulatory effect of IL1 and
IL2 on their proliferation, compared to those incubated at
a temperature of 37°C. The same response to stimulation
by the mentioned interleukins in B-lymphocytes was
not recorded. In this study;, it is stated that hyperthermia
predominantly affects the proliferation of T-lymphocytes.
Using the ELISPOT technique, Huang et al.*® found that
hyperthermia has a stimulating effect on B-lymphocytes,
leading to increased production of IgG, IgA and IgM
antibodies. This effect on B-lymphocytes refers to the
effect of temperatures up to 42°C, because temperatures
above 42°C oposite effect. Exposure to heat stress leads
to an increase in the number of granulocytes and to an
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increased ratio of granulocytes to lymphocytes, which is
characteristic of inflammation °l.

An increased number of monocytes was found only in
the postmortem group of rats exposed to a temperature
of 41°C, without statistically significant changes in the
shape of monocytes. Previous studies have shown that
monocytes are most often attached to platelets, which
indicates their interaction during heat stress . This
can ultimately explain such a small number of observed
monocytes in our study has an inhibitory effect. Bouchama
et al.BY stated that hyperthermia is related to an increase
in the number of total leukocytes as well as an increase
of the percentage of its subpopulation. This increase in
the number of leukocytes is mostly due to the increase in
the number of suppressor T cells and natural killer cells.
The study confirmed a significant correlation of the total
number of circulating lymphocytes with the severity of
hyperthermia.

When interpreting the results, it should be kept in mind
that rats are much more sensitive to the effects of high
temperature and develop a shock state much faster with a
fatal outcome. This is very important to keep in mind when
presenting and comparing the results of the study on the
human heat stroke model. It is also important to note that
lymphocytes are the most numerous type of leukocytes in
this type of animal, and regardless of the fact that they are
the smallest type of leukocytes, their importance in the
body’s defense against various pathogens is immeasurable.

In our study, rats were briefly exposed to hyperthermia.
As a consequence of the organism’s stress reaction, there
was an increase in the number of lymphocytes.

Also, the results of our study showed a changed shape
of lymphocytes between subgroups antemortem and
postmortem (Fig. 1), which indicates that altered
lymphocytes may have altered function. The result is
a changed reaction of the immune system in organisms
exposed to elevated temperature.
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INTRODUCTION

Abstract

Wohlfahrtia magnifica is a species of fly that parasitizes Bactrian camels. The adult flies
lay their larvae near the vulva of the camels, and these larvae develop and cause damage
to the vaginal tissues, resulting in vaginal myiasis. Olfactory organs play an important
role in the identification and location of host, foraging, mating and oviposition behavior
of W. magnifica. Olfactory genes were identified by antennal transcriptome analysis.
Twenty-four odor-binding proteins (OBPs) and two chemosensory proteins (CSPs)
were identified in the antenna transcriptome of W. magnifica, and then the phylogenetic
analysis of the olfactory genes of W. magnifica and other species was carried out. RT-
qPCR was used for the first time to analyze the expression profile of OBPs in the antenna
tissues of the W. magnifica. In the tissue expression analysis of OBP genes, it was found
that many of them showed obvious gender bias in antennae, indicating their different
roles in identifying pheromones. These results will help to lay a foundation for the future
research on the sense of smell of W. magnifica and help to better reveal the change of
odor reception of W. magnifica and provide new ideas for the research on biological
prevention and control of vaginal myiasis.

Keywords: Antenna, Olfactory genes, Transcriptome, W. magnifica

vulva of Bactrian camels, and the larvae of W. magnifica
parasitize and develop gradually in the vagina of Bactrian

Wohlfahrtia magnifica belongs to the order Diptera, family
Sarcophagidae, genus Wohlfahrtia Brauer. W. magnifica
is the main pathogen of traumatic myiasis of flies, which
is widely distributed in many countries in Asia, Europe,
Africa and Northern China ). In China, W. magnifica is
the sole pathogen responsible for causing vaginal myiasis
in Bactrian camels. Female flies produce larvae near the

camels. The labia of the sick camel is swollen and closed,
often accompanied by blood outflow. Upon opening the
labia, it becomes evident that the lesion contains larvae
at different stages of development. If it is not treated in
time, the presence of W. magnifica in the environment will
produce maggots at the focus, and the physical trauma
will increase, which can lead to paralysis or even death of

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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the host. At present, there are no effective prevention and
control measures, and it is urgent to seek new prevention
and control methods .

Highly developed sensory organs help the W. magnifica
adapt to the complex and changeable environment, and
play a key role in its life, such as identifying and locating
the host, foraging, mating and spawning . As the most
important olfactory organ of the W. magnifica, the main
task of antenna is to recognize and perceive pheromones.
The recognition of odor molecules in insects is a complex
process, involving a variety of proteins related to smell,
such as odorant binding proteins (OBPs), chemosensory
proteins (CSPs), olfactory receptors (ORs), gustatory
receptors (GRs), ionotropic receptors (IRs) and sensory
neuron membrane proteins (SNMPs) 71 The task of
identifying pheromones and odors is mainly accomplished
by odorant binding proteins (OBPs) and chemosensory
proteins (CSPs) "' OBPs are mainly expressed in antenna
and are small water-soluble acidic proteins. They exhibit a
conserved structure comprising six cysteine residues that
form three intertwined disulfide bridges. Typically, OBPs
consist of around 120 to 150 amino acids and exhibit a
mass of approximately 14 kDa !">'*l. CSPs are present at
high concentrations in chemosensory sen-silla lymphs
and are broadly expressed in non-sensory tissues. CSPs
are soluble small molecule proteins with four cysteines
that form two disulfide bridges '), It is considered that
insect OBPs can bind and transport hydrophobic odorant
molecules across the hydrophilic sensillum lymph to
corresponding receptors on olfactory sensory neurons.
Further, OBP-odorant complexes (or odorant itself)
activate receptors (ORs or IRs) to stimulate a cascade of
reaction, which converts chemical signals into electric
signals and eventually lead to specific behaviors 51,

The OBPs are subdivided into three subfamilies:
pheromone-binding proteins (PBPs), general odorant-
binding proteins (GOBPs) and antennal-binding
proteins (ABPs). PBPs are expressed in long sensillum
trichodea and show a male antennae-biased expression
pattern. PBPs are involved in the detection of female
sex pheromones, playing a crucial role in mate location
and mating behavior ). GOBPs, including GOBP1 and
GOBP2, are usually distributed in sensillum basiconica !,
GOBPs are thought to bind general odorants such as host
plant volatiles and other environmental chemical cues.
However, a few studies reported that GOBPs may also
be involved in sex pheromone detection 2. Research
on olfactory-related proteins, including OBPs, has been
conducted in various insect species. Over 150 species of
OBPs have been identified in 35 species of lepidoptera
insects alone ). With the deepening of their research,
many insects have carried out research on the types,
functions and olfactory mechanisms of olfactory related

proteins. Olfactory-related proteins of insects are potential
targets for the control of W. magnifica in the future 2427,

In this study, we sequenced the antenna transcriptome of
W. magnifica, analyzed and identified the genes encoding
olfactory protein, and measured the transcription
expression of important OBP genes in the antenna tissues
of male and female adults of W. magnifica by fluorescence
quantitative real-time PCR. The research aimed to
identify and compare the olfactory genes of W. magnifica
by analyzing the antenna transcriptome. This analysis
provides a foundation for further understanding the
underlying molecular mechanisms involved in olfactory
perception in W. magnifica. Knowing these information
can provide target genes for the biological control of
myiasis, and then provide a good start for the integrated
management of W. magnifica %,

MATERIAL AND METHODS
Ethical Statement

All experimental procedures were approved by the
Animal Protection and Use Commiittee of Inner Mongolia
Agricultural University and strictly followed animal
welfare and ethical guidelines.

Source of W. magnifica and Its Antenna Collections

In this study,we used the W. magnifica raised in the
laboratory. The populations were keptin alaboratory insect
rearing box (aluminium alloy frame, 120 mesh nylon sand
mesh cover, space volume: 35 cm x 35 cm x 35 cm). The
laboratory rearing conditions were kept at 25°C, relative
humidity was 50%~60%, and the illumination period was
L: D=15:9 h. For the transcriptome sequencing analysis,
the hatched adults were immediately separated by sex.
Both of 50 pairs of antennae of 3-day-old female and male
W. magnifica were collected by dissecting microscope, and
immediately frozen in liquid nitrogen and stored at —80°C
until RNA was isolated, and further use.

RNA Extraction, CDNA Library Construction and
Illumina Sequencing

In this study, total RNA was extracted from the male
and female antenna tissue samples using a Total RNA
Extractor kit from TaKaRa (Dalian, China). The
concentration of RNA was measured using a Qubit 2.0
fluorometer. The integrity of the RNA and the presence of
genomic DNA contamination were assessed using agarose
gel electrophoresis. After the RNA extraction, library
construction was performed. The constructed library was
quantified using a Qubit 2.0 fluorometer and diluted to
a concentration of 1 ng/L. The sequencing of the library
was carried out by Sheng gong Bioengineering (Shanghai)
Company.
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Transcriptome Data Analysis and Gene Functional
Annotation

The quality of the original sequencing data was evaluated
by FastQC, and then the quality was cut by Trimmomatic,
and relatively accurate and effective data were obtained.
Trinity was used to assemble the clean data of all samples
from scratch, and the assembly results were optimized
and evaluated. The transcript was compared with
databases such as CDD, KOG, COG, NR, NT, PFAM with
NCBI Blast+, and its functional annotation information
was obtained. Using KAAS to get KEGG annotation
information of transcript. The CDS prediction was made
according to the transcript and database Blast comparison
results and Trans Decoder. Use ggplot2 software package
v.3.5 for data visualization and drawing.

Annotation, Sequence Alignment and Phylogenetic
Analysis of Olfactory Genes

All candidate genes of OBP and CSP were manually
checked by BLASTx and BLASTn software of NCBI
Online. ORF Finder online software is used to predict
the open reading frame of genes. The candidate OBPs
and CSPs were searched for the presence of N-terminal
signal peptides using SignalP5.0. Using the nucleotide
sequences of OBP and CSP as queries (BLASTx) in
GenBank database, the sequences of different insect
species were retrieved from GenBank database and used
to construct phylogenetic trees. DNAMAN software was
used for multiple alignment of amino acid sequences. Edit
phylogenetic tree with MEGA software. The expression
level is displayed as TPM value (the expression amount
obtained after homogenization of gene length and
sequencing depth), which is calculated by Saimon 0.8.2.

Analysis of Antenna Expression of OBP Genes

The relative expression level of OBP genes in male and
female antennae was analyzed by fluorescence quantitative
real-time PCR. Total RNA extraction is the same as above.
Primer 3 plus designed specific primers. RT-qPCR data
were analyzed by 2 ““2% method to calculate the relative
expression level, and graph-pad was used to draw the
result graph. SPSS 23.0 was used for one-way ANOVA,
and Tukey method was used to test the significance of the
difference (P<0.05).

RESULTS
Transcriptome Assembly and Annotation

In order to identify the olfactory genes, the antennae of
male and female adults of W. magnifica were sequenced
by Illumina HiSeq, and 61,868,724 and 68,888,578
original readings were obtained from the antennae of
the male and female (Table I1). The raw data obtained
by sequencing contains low-quality sequences with

TU, GE, QI, ER
Table 1. Sample statistics of Original Data Information
Parameter Male Antenna Female Antenna
Total Reads Count (#) 61868724 68888578
Total Bases Count (bp) 9280308600 10333286700
Average Read Length (bp) 150 150
Count (bp) 9277656490 10329662377
Q10 Bases
Ratio (%) 99.97% 99.96%
Count (bp) 9120877203 10129798266
Q20 Bases
Ratio (%) 98.28% 98.03%
Count (bp) 8850535758 9796998975
Q30 Bases
Ratio (%) 95.37% 94.81%
Count (bp) 2652110 3624323
N Bases
Ratio (%) 0.03% 0.04%
Count (bp) 3803323380 4199868275
GC Bases
Ratio (%) 40.98% 40.64%
Table 2. Sample statistics of QC data information
Parameter Male Antenna Female Antenna
Total Reads Count (#) 59685374 65806910
Total Bases Count (bp) 8771287389 9708026321
Average Read Length (bp) 146.96 147.52
Count (bp) 8770976692 9707581265
Q10 Bases
Ratio (%) 100.00% 100.00%
Count (bp) 8698509459 9622028526
Q20 Bases
Ratio (%) 99.17% 99.11%
Count (bp) 8507137252 9396553581
Q30 Bases
Ratio (%) 96.99% 96.79%
Count (bp) 310697 445056
N Bases
Ratio (%) 0.00% 0.00%
Count (bp) 3589396721 3946965602
GC Bases
Ratio (%) 40.92% 40.66%

connectors.In order to ensure the quality of information
analysis, the original data must be filtered.By removing
the low-quality and trimmed readings with the length less
than 20 nt, 59,685,374 and 65,806,910 male and female
clean readings were obtained. The percentage of Q30
bases exceeded 94.81% and the GC content was 40.64-
40.98% (Table 2). After filtering out adapters and low-
quality original sequences and assembling the readings
from male and female antennae into a single transcription
group, assembled into 153,779 unigenes with a total
length of 76,933334bp, and 568 N50 500.29bp unigenes
with a length between 201bp and 29622bp were obtained,
of which 12605 unigenes with a length exceeding 1000bp
accounted for 8.19% of all unigenes (Table 3).

In total, 99085 unigenes from W. magnifica (64.43% of
153779 unigenes) were annotated in atleast one of the data-
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Table 3. Summary of assembled transcript and unigenes
Length Range/bp
Parameter No. Total Avera
- _ 5 ge
>=500bp >=1000bp N50 N90 Max. Length | Min. Length e T
Transcript 262628 77017 32060 800 255 29622 201 155409503 591.75
Unigene 153779 36021 12605 568 240 29622 201 76933334 500.29

Table 4. Functional annotation of the unigenes in different Databases

Database Nu(l;: I:lee: of Percentage (%)
Annotated in CDD 6793 4.42
Annotated in PFAM 8126 5.28
Annotated in KEGG 4320 2.81
Annotated in KOG 8246 5.36
Annotated in Swissprot 13165 8.56
Annotated in GO 11516 7.49
Annotated in NR 37603 24.45
Annotated in NT 93604 60.87
é\;zl(;;:(teed in at least one 99085 64.43
Annotated in all database 1536 one
Total genes 153779 100

Sarcophaga bullata(9614)
Lucilia cuprina(5114)
Lucilia sericata(3226)
Teleopsis dalmanni(1212)
Camponotus floridanus(1024)
Trichonephila clavipes(997)
Eumeta japonica(985)
Euphydryas editha(962)
Rhagoletis pomonella(682)
Rhagoletis zephyria(637)
Other(13150)

.ﬁw

Fig 1. Pie chart of homologous species distribution

bases searched (NT, NR, PFAM, KOG, Swiss-Prot, KEGG,
CDD and GO databases) (Table 4). Homology searches
againstthe Nr database showed that the W. magnifica
antennal tran-scriptome shared the greatest homology
with sequences from Sarcophage bullate (25%), followed
by Lucilia cuprina (13.6%) and Lucilia sericate (8.6%) (Fig.
I1). Of the 153,779 unigenes, 11,516 (7.49%) correspond to
at least one specific term in “biological process”, “cellular
component” and “molecular function”. In the molecular
function category, 6687 (58.1%) and3985 (34.6%)
unigenes were linked to binding and catalytic activity.
In terms of the biological process, 9696 (84.2%), 7453
(64.7%) unigenes were related to cellular processesand
metabolic processes. In the cellular component category,
9683 (84.1%) unigenes were assigned to the terms cell and
cell part (Fig. 2).

Identification of Candidate Odor Binding Proteins

In the study, a total of 24 candidate OBP transcripts were
identified in the antennal transcriptome of both male and
female W. magnifica flies. These OBP gene sequences were
found to be over 240 bp in length and possessed complete
open reading frames (ORFs). Among them, 17 kinds of
protein were identified as PBPs. These PBPs were found to
be male-specific and associated with pheromone-sensitive
neurons, suggesting their potential role in olfactory
perception and mate recognition. To determine the
homology of these OBP sequences, the BLASTx analysis
was performed. The results revealed that Wmag36544
exhibited 96.34% orthology with the OBP sequence
from Sarcophaga caerulescens, indicating a high level of
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Fig 4. Neighbor-Joining method phylogenetic tree of odorant binding
proteins of W. magnifica and other insects. Include those from the
Zeugodacus cucurbitae (melon fly), Bactrocera dorsalis (oriental fruit fly),
Drosophila busckii, Bactrocera latifrons, Anastrepha ludens (Mexican
fruit fly), Drosophila ananassae, Cephus cinctus (wheat stem sawfly)
OBPs. Marked a specific gene. Evaluate node support through 1000 boot
replications

similarity between the two sequences. Additionally, the
orthologs of other OBP sequences showed more than
80% similarity with their respective counterparts in other
species.

According to the TPM value (measured as the proportion
of a transcript in the RNA pool), 13 transcripts encoding
OBPs were highly expressed in the male antenna and 11
transcripts encoding OBPs were highly expressed in the
female antenna (TPM>100). Among these transcripts,
Wmag45271 exhibited the highest expression level in the
male antenna, indicating it was highly expressed in males.
On the other hand, Wmag43565 showed the highest
expression level in the female antenna, indicating it was
highly expressed in females. Interestingly, Wmag52349
demonstrated the lowest expression level in both the
female and male antennae, suggesting it had relatively low
expression in both sexes.

The results of the amino acid sequence alignment revealed
that all 19 OBPs identified in the study possessed six
conserved cysteine sites. Additionally, there were three
amino acid residues located between the second and
third cysteine, which is a characteristic feature of typical
OBPs. The other four OBPs (Wmag42211, Wmag40178,
Wmag44180, Wmag45400) were found to lack the first
cysteine site (Fig. 3). Among the OBPs, only seven of them
(Wmag36768, Wmag44222, Wmag34668, Wmag3659,
Wmag27065, Wmag43565, and Wmag50036) exhibited
the presence of signal peptides, indicating their potential
role in secretion or membrane targeting. Phylogenetic
tree shows the evolutionary relationship between
insect OBP genes (Fig. 4). Based on the phylogenetic
tree analysis, the OBPs clustered together based on
their respective subfamilies, forming eight distinct
branches corresponding to different functional groups.
In the phylogenetic tree, Wmag40117 is 99% similar to
Calliphora stygia OBP25, and Wmag40117 is 98% similar
to Calliphora stygia OBP12. These findings suggest a close
evolutionary relationship between these OBP sequences.

Identification of Candidate Chemosensory Proteins

Two candidate CSPs were identified in male and female
antenna transcriptome, which were named Wmag44066
and Wmag72266 respectively. The two putative CSP genes
are both over 470 bp in length and have complete ORFs,
among which Wmag72266 contains signal peptide. By
performing a BLASTx analysis to assess gene homology;,
it was determined that the two CSP sequences exhibited
approximately 80% similarity to CSP sequences from other
species, indicating their conservation across different
organisms. Significant differences were observed in the
abundance of these CSP transcripts between the sexes.
According to the TPM (Transcripts Per Million) values, the
expression of Wmag44066 in the male antenna was higher
(TPM>200) compared to its expression in the female
antenna (TPM<50). This suggests a potential sex-specific
role for Wmag44066 in chemosensory processes. The two
CSPs have four highly conserved cysteine residues, which
are consistent with the “CSP sequence motif” C1-X6-8-
C2-X16-21-C3-X2-C4, where X represents any amino
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—1
65

L) |

S8

Tl
74

—

3ZI—

e

26

—L

el
18

MeflCSP1
OffiCSP1

® \Wmag44066
CstyCSP1
DsilCSP1
PutiCSP
TdenCSP5
DmotCSP1

® Wmag72266
CeleCSP1
WssaCSP1
RfbeCSP1
CeleCSP
PtetCSP
FruiCSP1
PgalCSP
FflyCSP
HbeeCSP1

Fig 6. Neighbor-Joining method phylogenetic tree of chemosensitive proteins of W. magnifica and other insects. Include
those from Zeugodacus cucurbitae (melon fly), Bactrocera dorsalis (oriental fruit fly), Drosophila melanogaster (fruit
fly), Plutella xylostella (diamondback moth), Cephus cinctus (wheat stem sawfly) CSPs. Marked for specific genes. Node

support was assessed by 1.000 guided copies

~

lilrn expression level

MA FA
Winag52140

MA  FA
Wmaga2z11

r

MA  PA
Wimag33861

sone

Relatve expressita level
5

MA FA
Wimaga0117

MA  PA
Wmag3o7es

cese
—

i I

Wmaga6750

Redative expressica level

MA FA
Wmagas271

Reluative expressien level

MA  PA
Wimaga4222

s
—

Relative expressian level

MA  PA
Wmag30200

A e
—

Redatire expression level

MA  PA
Wimiag46480

} 2.0+ } 5 ..
1.5
E § 1.5
£ 10 £ 1o
i 0.5 i 0.5
= g0 & 50
A PFA MA FA
Mimapaanen Wimag12026
an  sees 2.0+ .
H H
H [
=
g 3 FRLY
g !
E 24 § 1.0
§ 1 i 0.5
=
= o = 0.0
A Ll MA A
Wmag34oon Winag1e504
ns
3 4
H H =
a
£ i
g 5
g 0.5 é
1
= z
= 00 = o
MA FA MA FA
Wimaga2531 Wimag27005

Fig 7. Expression profile of odor-binding protein in antenna tissue of W. magnifica. MA: male antennae; FA: female
antennae. Asterisks above the bars indicate a significant difference (P<0.05, t-test); NS, no significant difference




Kafkas Univ Vet Fak Derg

265

LI, WU, ZHU, MEG,
TU, GE, QL ER

acid, which is consistent with the structural characteristics
of insect CSP gene (Fig. 5). The phylogenetic tree analysis,
which depicts the evolutionary relationship between
chemosensory proteins in various insects, revealed that
Wmag44066 and Wmag72266 occupied distinct positions
in the tree (Fig. 6). This indicates that these two CSPs have
undergone divergent evolutionary paths and have unique
evolutionary contexts within the chemosensory protein
family.

Analysis of Antenna Tissue Expression of OBPs

In order to verify the expression profile of OBPs in the
female and male antennae of W. magnifica, we carried out
RT-qPCR on 16 kinds of OBPs. We compared the results
of TPM and RT-qPCR, and found that the expression
trend of most OBPs in male and female antennae was the
same, which further proved the accuracy of transcriptome
data. QPCR results showed that Wmag42531 and
Wmag39280 were highly expressed in the antenna,
indicating that OBPs may play a role in the combination
and transmission of odor signals in the antenna.
Moreover, significant gender-biased expression of several
OBP genes was observed. Except for 3 OBP (Wmag44180,
Wmag39280, Wmag27065), the other 13 OBPs were
significantly different, and they were gender-biased in
the antenna (Fig.7). This gender bias indicates that these
OBPs may have different functions in males and females,
such as perception of the opposite sex or involvement in
oviposition behavior.

Di1SCUSSION

It is very important to understand how OBPs and CSPs
participate in the process of insect olfactory perception
and recognition of external environmental chemical
stimuli for formulating effective pest management
strategies ***!l. Before this study, most of the research on
W. magnifica focused on the field of morphology #**!. In
this study, 24 OBPs and 2 CSPs were identified from the
database of antenna transcriptome of adult W. magnifica
by bioinformatics. These genes all play a key role in the
olfactory perception of insects.Compared to the total
number of insects in the world, OBPs have been identified
in only a few species of insects to different degrees, such
as Drosophila melanogaster (51 OBPs), Anopheles gambiae
(57 OBPs) and Parasitoid Wasp Nasonia vitripennis
(82 OBPs) B+ In this study, 24 candidate OBPs were
identified in W. magnifica, with most of them classified
as PBP (pheromone binding proteins). The variation in
the number of OBPs among different species suggests
differences in olfactory discrimination and perception
mechanisms among different insect species.

According to TPM value, there are also differences in the
expression of antenna homologous genes between female

and male W. magnifica. For example, Wmag43565 is
abundantly expressed in both male and female antennae,
but the expression level is higher in female antennae. This
prompted further exploration of the expression profile of
OBPs in the antenna. Through RT-qPCR analysis, it was
discovered that Wmag45271 and Wmag46480 were highly
expressed in the antenna of female flies. This suggests that
these OBPsmay playacrucial roleinidentifying thevolatiles
emitted by Bactrian camels or in locating suitable spawning
sites. However, further functional verification is necessary
to confirm these hypotheses. Notably, the expression level
of Wmag45271 in male antennae was higher than that
in female antennae, indicating its potential involvement
in female sex pheromone recognition. Lepidoptera PBPs
and GOBPs form a monophyletic lineage with a single
ancestral origin. They have undergone divergence by
gene duplication under different selection pressures 7.
Phylogenetic tree showed that Wmag40117 was 99%
similar to Calliphora stygia OBP25, and Wmag40117 was
98% similar to Calliphora stygia OBP12. The evolutionary
relationship of OBPs in insect specialization is further
explained. Overall, the study’s findings shed light on the
expression patterns and potential functions of OBPs in W.
magnifica, highlighting their role in olfactory perception
and chemical communication in the species.

CSPs are widely expressed in insect antennae and other
parts of the body, and participate in insect recognition
pheromone perception and related behaviors %%l In
addition, CSPs has many functions. For example, CSPs
may be involved in dissolving hydrocarbons in the stratum
corneum to identify their symbiotic relationship “"\. This
suggests that CSPs are important for maintaining specific
ecological interactions. The competitive binding analysis
of tryptophan fluorescence spectrum and molecular
docking showed that some CSPs in Bemisia tabaci was
very important to promote the transport of fatty acids,
thus regulating some metabolic pathways of insect
immune response . These findings highlight the diverse
roles of CSPs in insect physiology and behavior, showing
their involvement in chemical communication, symbiosis,
and immune response regulation.

In this study, two candidate CSP genes were identified. The
number of CSPs is less than that of Sclerodermus sp. (10),
C. cunea (11), M. pulchricornis (8) and B. dorsalis (4) 4%,
According to TPM value, Wmag44066 is highly expressed
in antenna, which may be related to chemical acceptance.
Based on the TPM values, Wmag44066 was found to be
highly expressed in the antennae, suggesting its potential
involvement in chemical acceptance. Interestingly,
the TPM value of Wmag44066 in male antennae was
approximately four times higher than in female antennae,
indicating its possible role in male W. magnifica’s
recognition of female pheromones. On the other hand,
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Wmag72266 was almost exclusively expressed in female
antennae, suggesting its potential role in host location
and oviposition behavior of female W. magnifica. Similar
biased expression patterns have been observed in other
species as well. The phylogenetic tree analysis revealed
that Wmag44066 and Wmag72266 belong to different
branches, indicating that they likely play different roles in
recognition of pheromones and related behaviors. Overall,
these findings suggest that the identified CSP genes in W.
magnifica may have distinct functions in the perception
and response to pheromones, potentially contributing to
the species’ mating behavior and host-seeking behavior.

In this study, we used the Illumina Hiseq™ 4000 high-
throughput sequencing platform to sequence the
transcriptome of the male and female antennae of W.
magnifica. We identified 26 olfactory related genes and
obtained the expression of 16 OBP genes in maleand female
antennae by RT-qPCR experiment, which confirmed
the accuracy of our transcriptome data. It enables us to
predict their functions and provides insights into the
mechanism of W. magnifica looking for hosts. These
studies also provide a molecular basis for the development
of attractants and repellents for W. magnifica and provide
a new idea for biological control of W. magnifica.
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Abstract

This experimental study aimed to evaluate the effectiveness of NSOS (Neutral-pH
superoxidized solution) with peritoneal lavage in rat fecal peritonitis models. Forty
Wistar rats weighing between 250-300 g were used for the study. All rats were inducted
for fecal peritonitis formation. The rats were divided into five groups as follows; Group
0: control, no intervention. Group 1: Application of 10 mg/kg NSOS into the peritoneal
cavity after 6 h of induction of peritonitis. Group 2: 10 mg/kg NSOS application and
repeated at 24 and 48 h. Group 3: NSOS + Antibiotic treatment (Seftriakson 30 mg/kg/
day IM 2x1 + metronidazol 15 mg/kg/day IM 2x1). Group 4: Only antibiotic treatment
(Seftriakson 30 mg/kg/day IM 2x1 + metronidazol 15 mg/kg/day IM 2x1). The animals
were examined for peritoneal and thoracal abscess formation, adherences, and any
abnormality with inspection after sacrificing on the 7* day. The peritoneal lavage fluid
culture for microbiological analysis and blood samples were taken for blood cultures,
biochemical and infectious parameters of WBC, CRP, TNF- «, IL-6, IL-1 B, and IL-10.
Peritonitis was developed in all rats at the end of follow-up. No death was observed
in rats on the seventh day of the experiment. Group 3 (NSOS + Antibiotic treatment)
showed the most significant improvement in the infection of peritoneal fluid. NSOS
and antibiotic together (Group 3) were found to be more effective against Klebsiella
than Enterococcus sp. The blood cultures showed a significant reduction in all groups.
The infectious parameters including IL-6, IL-1 B, and IL-10 showed no significant
difference in the first week of treatment between all groups. Only TNF- a was observed
significantly lower in group 3 when compared to the other groups (P=0.001). Peritoneal
lavage with neutral pH-superoxidized water plus an antibiotic regimen is the most
effective treatment in the rat fecal peritonitis model. Further studies including human
subjects are needed to investigate its effectiveness and validity.
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rates of mortality and morbidity resulting from multiple

INTRODUCTION
organ failures P!,
Intraabdominal infections and sepsis are one of the

leading causes of morbidity and mortality in patients with
surgical interventions . Peritonitis is usually caused by
the bacterial contamination of the visceral peritoneum due
to gastrointestinal organ perforations 2. The infections in
peritonitis usually come from the duodenum, stomach,
gallbladder, pancreas, small intestine, colon, bladder,
ovary, and renal system. Generalized peritonitis is an
ominous sign of health status and requires prompt surgical
therapy. If left untreated, the peritonitis can cause sepsis
development quickly and sepsis is associated with a high

Fecal peritonitis occurs due to the contamination of fecal
material in the case of the bowel perforation. Enterococcus
and Klebsiella are one of the most seen microorganisms in
peritoneal infections and abscesses formation . Surgical
therapy is the main factor in the treatment of fecal
peritonitis. During this surgery, the organ perforations
are repaired and peritoneal lavage with normal saline
irrigation is the most widely used method. In the literature,
several studies showed the effect of different agents used
for peritoneal lavage including ropivacaine, hydrogen-

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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rich saline, glycyrrhiza glabra cold atmospheric plasma,
boric acid-linked ampicillin and lidocaine >,

Neutral-pH superoxide water (NSOS) is formed by
applying an electric current to salty water, followed by an
electrochemical process in aqueous solutions from tap
water and NaCI "2, Tt has been used as a broad-spectrum
disinfectant and shown to be non-toxic to human bodies.
There are several studies reported that it has a significant
antimicrobial effectiveness against bacteria and viruses .
The super-oxidized solutions have been used on ocular
surfaces or wound infections and showed the confirmation
of feasibility and safety in experimental studies 4.

In our previous experimental rat study on healthy
peritoneal surfaces showed that pH-neutral superoxidized
water does not result in any remarkable toxicity or
complications *.. Thus, we aimed to investigate its safety
and effectiveness for peritoneal irrigation in the fecal
peritonitis model.

MATERIAL AND METHODS
Ethical Approval

This study was approved by the Ethics Committee for
Animal Experiments of Van Yiiziincii Yil University,
reference number 2020/10-11, dated 28.10.2020, and
was performed in the Experimental Animal Research
Laboratory of the university, located in Van, Tiirkiye.

Animals

Forty Wistar-albino rats were used in this experimental
study. All rats were treated humanely in accordance
with the Declaration of Helsinki. The animals were fed
in accordance with the standards determined by the
institution. The rats were randomly divided equally into
5 groups.

Group 0: Control group, fecal peritonitis was established
and no other treatment was applied.

Group 1: 10 mg/kg NSOS applied into the peritoneal cavity
6 h after the establishment of fecal peritonitis.

Group 2: 10 mg/kg NSOS applied into peritoneal cavity 6
h after establishment of fecal peritonitis and repeated at
24 and 48 h.

Group 3: 10 mg/kg NSOS and Antibiotic treatment
(Seftriakson [Novasef®, Sanofi] 30 mg/kg/day IM 2x1
+ metronidazol [Flagyl®, Eczacibasi] 15 mg/kg/day
IM 2x1) applied into the peritoneal cavity 6 h after the
establishment of fecal peritonitis.

Group 4: Only Antibiotic treatment (Seftriakson 30 mg/
kg/day IM 2x1 + metronidazol 15 mg/kg/day IM 2x1) was
applied 6 h after the establishment of fecal peritonitis.

Establishment of Fecal Peritonitis

Fecal peritonitis was created by the method defined by
Buyne OR et all'. Fresh faeces from Wistar rats were
obtained and suspended in twice the volume sterile water.
An autoclave was used for sterilization of suspension.
Then centrifugation process was performed and upper
two layers were autclaved again and stored at 4°C. At the
day of study 1 mL of fecal suspension was mixed with
0.5 mL of Schaedler solution including Escherichia coli
bacillus level 10*-10% cfu and B. fragilis level 10* cfu isolate
which were obtained from the laboratory and then, 10 mL/
kg of this fecal suspension was injected into the peritoneal
cavity of the subjects. 6 h after injection of fecal material,
the peritoneal cavity was irrigated with 10 mL/kg NSOS in
groups 1, 2, and 3.

The rats were followed up daily for fever, tacyhpnea,
weight, feeding status, and general appearance (flat hair,
drowsiness, anxiety, blackness around the eyes). The rats
were fed as Ad-Libitum. Single dose of 1 mg/kg of xylazine
intraperitoneally administered after the operation for
pain management. 24 h after the establishment of fecal
peritonitis, 5-10 mL of saline was injected into the
peritoneal cavity with massage and so distribution was
created. 2-3 min after that procedure, 1-3 mL of peritoneal
fluid was withdrawn. This fluid was kept for biochemical
and microbiological analysis. Also, blood samples were
taken for culture analysis.

There was no death in the subjects until Day 7. On the
7% day, the subjects were anesthetized with 50 mg/kg
ketamine HCI (Ketalar®, Pfizer) and 10 mg/kg xylazine HCI
(Rompun’, Bayer), and the abdominal and thorax cavities
were opened, abscesses were investigated in the abdomen,
and whether there was any adhesion was investigated.
Fluid and tissue samples were taken for culture in the
peritoneal cavity. Any abscess was investigated in the
thoracic cavity. Blood samples were taken for biochemical
analysis and culture, and then the animals were sacrificed.
Among the biochemical parameters, CRP, TNF-a, IL-6,
IL-1pB, and IL-10 were evaluated by ELISA method. The
hemogram was checked on an autoanalyzer.

Statistical Analysis

Descriptive statistics for continuous variables among
the features emphasized expressed as Mean, Standard
Deviation, Minimum and Maximum values, and also it
is expressed as numbers and percentages for categorical
variables. The Kruskal-Wallis test was used for comparisons
made by groups in terms of continuous variables. The
Chi-square test and multiple correspondence analysis
were used to determine the relationship between groups
and categorical variables. In the calculations, the statistical
significance level was taken as 5% and the SPSS (ver:21)
statistical package program was used for the calculations.
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RESULTS

All rats survived during the first week of the experiment
after peritoneal lavages. The peritoneal infections
developed in all groups. All groups were observed to
have blood culture positivity at 24 h after the induction
of peritonitis. Group 0, the control group, showed
similar results on the first day and seventh days of the
experiment. Although it was not statistically significant,
group 1 showed a significant improvement of NSOS on
the Klebsiella when compared the first day to seventh day.
In group 2, the repeated use of NSOS did not show the
additional effect on the Klebsiella, however, it showed
some positive effect on the Enterococcus species (Table 1).

Group 3 showed the most effectiveness and NSOS plus
antibiotic regimen was the most effective treatment for E.
coli and Klebsiella. This was statistically significant with
p value of 0.016. First day of positive peritoneal culture’s
number was 17/24 and the seventh day was 4/24 (70% vs
16%, P=0.016). The peritoneal culture results showed that
NSOS plus antibiotic regimens were the most effective
method for the rat peritonitis model.

When analyzing the blood cultures, all groups had
positive cultures for infection on first day of experiment.

All groups showed a significant reduction for infections
on the seventh day. Group 4 was observed no effectivity
against Enterococcus species. However, the most
significant improvement in the infections with regards
to blood culture positivity taken for all three types of
microorganisms (Klebsiella, E. coli, and Enterococcus) was
observed in group 3 as 10/24 at first day vs 1/24 at seventh
day with P=0.01) (Table 2).

The peritoneal and blood cultures were taken at first day
and seventh day of experiment. In total, 48 cultures were
taken for each group. Table 3 shows the comparison of
Peritoneal Fluid and blood culture positivity (Klebsiella,
E. coli, and Enterococcus) of first and seventh day of
experiment in groups. All groups showed a decrease in
culture positivity numbers. However, only group 3 (NSOS
+ antibiotic regimen) had a statistically significantly
reduction in culture positivity (27/48, (56%) vs 5/48,
(10%), P=0.022) (Fig. 1).

The blood parameters including WBC, CRP, TNF-q, IL-6,
IL-1PB, IL-10 were analyzed at seventh day of experiment
as shown in Table 4. It was observed that IL-6, IL-1P
and IL-10 showed no significant difference in first week
of treatment between all groups. TNF-a was observed
significantly lower in group 3 when compared to the other

Table 1. Peritoneal fluid cultures of groups at the 7" day
Group 0 Group 1 Group 2 Group 3 Group 4
Causative Bacteria (n:8) (n:8) (n:8) (n:8) (n:8) P Value
n (%) n (%) n (%) n (%) n (%)
. Positive 4 (50%) 2 (25%) 5 (62%) 1 (12%)* 6 (75%)
Klebsiella Negative | 4 (50%) 6 (75%) 3 (37%) 7 (87%) 2 (25%) 0.03
Positive 4 (50%) 4 (50%) 2 (25%) 3 (37%) 5(62%)
Enterococcus Negative 4 (50%) 4 (50%) 6 (74%) 5 (62%) 3 (37%) 0.12
2 Positive 3 (37%) 3 (37%) 4 (50%) 0 2 (25%) 0.02
‘ Negative 5 (62%) 5 (62%) 4 (50%) 8 (100%) 6 (75%) :
Positive 11 (45%) 9 (37%) 11 (45%) 4 (16%)* 13 (55%)
Total cultures Negative | 13 (55%) 15 (62%) 13 (55%) 20 (84%) 11 (45%) 0.016
P<0.05 shows statistical significance
Table 2. Blood Cultures of groups at the 7" day
Group 0 Group 1 Group 2 Group 3 Group 4
Causative Bacteria (n:8) (n:8) (n:8) (n:8) (n:8) P Value
n (%) n (%) n (%) n (%) n (%)
. Positive 2 (25%) 1 (12.5%) 1 (12.5%) 0* 2 (25%)
Klebsiella Negative 6 (75%) 7 (87.5%) 7 (87.5%) 8 (100%) 6 (75%) 0.002
Positive 3(37.5%) 2 (25%) 2 (25%) 0* 5 (62.5%)
Enterococcus Negative 5(62.5%) 6 (75%) 6 (75%) 8 (100%) 3 (37.5%) 0.032
2 Positive 2(25%) 3 (37.5%) 2 (25%) 1(12.5%) 2 (25%) 0.082
: Negative 6(75%) 5 (62.5%) 6 (75%) 7 (87.5%) 6 (75%) :
Positive 7(29%) 6 (25%) 5 (20%) 1 (4%)* 9(37.5%)
LN Negative 17(70%) 18 (75%) 19 (79%) 23 (96%) 15 (62.5%) 0.01
P<0.05 shows statistical significance, a indicates the statistically significant difference
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Table 3. Comparison of total number of peritoneal Fluid and blood culture positivity (Klebsiella, E. coli, and Enteroccocus)
of first and seventh day of experiment in groups
Groups Filrls:%D)ay Sev«;n(t; )D ay P Value
Group 0 22/48 (45%) 18/48 (37%) 0.794
Group 1 24/48 (50%) 15/48 (31%) 0.114
Group 2 24/48 (50%) 16/48 (33%) 0.446
Group 3 27/48 (56%) 5/48 (10%) 0.022
Group 4 23/48 (47%) 20/48 (41%) 0.999
P<0.05 shows statistical significance
14
12
10
8
| I i ‘
4
z 1
0
Group0  Groupl  Group2  Group3  Group4
Fig 1. Total number of blood and peritoneal cultures positivity (Klebsiella,
E. coli, and Enterococcus)
Table 4. Comparison of biochemical-infectious-blood parameters in groups at the 7" day
Parameters Gz:lg; 0 Gz’zlg; ! G:gusl; 2 G:zusl; 3 Gz::usl; 4 P Value
WBC, x10° 11.09£1.55 8.20+3.81 7.32+1.04 6.68+0.84* 6.62+1.15* 0.002
CRP, mg/L 12.83 £0.61 12.72+1.57 13.01+0.88 13.76+0.37 13.26+0.75 0.082
TNF-alpha, ng/L 125.27+23.54 131.04+22.78 127.86+20.61 98.53+17.52 125.89+9.34 0.082
IL-1, ng/mL 4.95+0.57 5.40+0.95 4.86+0.46 4.97+0.88 4.78+0.29 0.625
IL-6, ng/L 2.35+1.76 2.26+0.86 1.89+0.49 2.33+1.38 1.66+0.20 0.516
IL-10, pg/mL 44.11£0.41 43.85+0.13 44.00+0.45 43.72+0.03 43.76+0.10 0.121
P<0.05 shows statistical significance, WBC: White blood cell, CRP: C-reactive protein, TNF: Tumor necrosis factor, IL: Interleukin The measurements are shown as mean +
Standard deviation, a showed statistical difference

groups (98.5 3+17.52 ng/L, P=0.001). WBC was found to
be significantly higher in Group 0, control group when
compared to the other groups (11.09+1.55 x 10°, P=0.002).

Di1SCUSSION

Our previous animal study showed that pH-neutral
SOS(NSOS) does not result in any significant toxicity
or complications on the liver and peritoneal surfaces ['*.
Moreover, in this study, we examined its effect on the
infectious parameters in the fecal rat peritonitis model.
This study showed that washing the peritoneal cavity
with an NSOS plus antibiotic regimen has significant
effectiveness in the treatment of rat fecal peritonitis
model. Intraabdominal infections and abscess formations
are one of the main reasons for morbidity and mortality

after perforated appendicitis, tuba ovarian infections,
or other peritoneal diseases ") Peritoneal irrigation is
a challenging issue in the field of surgery and normal
saline is traditionally a mostly used agent for peritoneal
washings, however, this saline has no microbicidal activity.
In the literature, there are many agents like lidocaine,
ropivacaine, meropenem and moxifloxacin used to t
reat this infection in rat peritonitis and also human
subjects [©71819],

The peritoneum has a unique feature for its ability to
deal with infections. The main mechanisms that have
bactericidal activity are clearance from the diaphragmatic
lymph system, phagocytization by host White blood
cells and walled-off infection between the omentum
and viscera %!, These three factors can prevent intra-
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abdominal infections at a certain level of bacterial load,
however, the fecal contamination of the abdominal cavity
in which a high load of microorganisms is encountered
resulted in fail of defense systems. This eventually may
lead to the development of sepsis and organ failures.
Therefore studies have addressed the evaluation of
effectiveness of different agents used for irrigation of
peritoneal cavity during surgery. Aminoglycosides are
the most used agent for peritoneal irrigation in cases
of perforated appendicitis. A study by Shuaib et al.l?!
evaluated the effectiveness of intraperitoneal gentamicin
and clindamycin with peritoneal lavage in rat fecal
peritonitis model and concluded that antibiotic peritoneal
lavage alone reduces mortality rate when compared
to a normal saline peritoneal lavage. Although the use
of intraperitoneal antibiotics is thought to be safe and
effective, studies focused on their bioavailability, long-
term side effects, and cost-effectiveness.

Superoxidized water is a broad-spectrum antimicrobial
and has been used in burn wounds, mediastinitis and
open heart surgeries. Kubato et al.'? studied the effect
of strong acid electrolyzed water which is the older form
of superoxide solutions on the surgical site infection of
patients with perforated appendicitis and they found that
peritoneal lavage and wound washing with superozidized
water has no adverse effects and are effective for preventing
surgical site infection. However, they used a strong acid
agent that may be corrosive in mucoal surfaces. Therefore,
NSOS which is used in our experimental study is a pH-
neutral superoxidized water and formed by applying
an electric current to salty water, followed by electro-
chemical processed in aqueous solutions from pure water
and sodium chloride. It is widely used as broad spectrum
disinfectant and is non-toxic to human tissues unlike to
the first supeoxide solutions which have low-pH values
and corrosive features 2.

Landa-Solis et al.®® studied the NSOS and reported
that it has good antimicrobial activity, with significant
advantages over strong acidic superozidized solutions,
including neutral pH, decreased free active chlorine and
a long shelf life. Our study confirmed this results that
the Group 3 in which combined regimen of NSOS plus
antibiotics showed the most significant improvement in
the infectious state of rat peritonitis model. To date, this is
the first randomized experimetal study that evaluated the
effect of NSOS plus antibiotic regimen on rat peritonitis
model. The results are promising that by applying and
adding this non-toxic anti-bacterial solution to the
intraperitoneal antibiotic lavage may prevent infections
more effectively than other strategies.

It was worth noting that the standard treatment of
peritonitis with antibiotics may be improved by adding
the NSOS which is shown to be safe and non-toxic to

human bodies and found to be effective when given with
seftriakson-metronidazole combination together. Another
point should be noted that our previous study is validated
from the aspect of effectiveness, however, further clinical
studies on human subjects is mandatory to implement its
clinical use "\

Some limitations should be declared about this study.
Firtsly, it has a short term follow-up time of one week.
Because some toxic effects or healing processes can
be seen in a long-term time frame, this short time can
be a weakness of our study. Secondly, the response to
treatment was not measured by an objective method like
bacteria colony number counting. Instead of it, the culture
positivity was used. The main strength of this study is that
all the procedures were performed by the same surgeon
and culture analyses were done in the same hospital’s
laboratory.

In conclusion, this studys goal was to determine the
effectiveness of NSOS in combination with antibiotics
in the treatment of rat peritonitis model. Our findings
revealed that peritoneal irrigation with NSOS plus an
antibiotic regimen could improve the infectious state and
survival of rats with peritonitis. Further studies including
human subjects are needed to clarify our results and to
determine its use in clinical practice.
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Abstract

Glycerol has been evaluated as a safe and promising animal feed. It can replace traditional
energy foods and reduce competition with major animal husbandry systems. In this
study, 40 fattening Kazakh ewes (18 months of age) were selected to investigate the
dynamic response of growth performance, serum biochemical indexes, fat deposition,
carcass traits and meat quality to different levels of glycerol (0, 1%, 7%, and 12% DM).
The results showed that glycerol could improve sheep growth performance, increase fat
deposition, increase carcass dressing percentage and improve meat quality. Among them,
the Gly7% group had significant positive effects (P<0.05) on FBW, ADG, GLU, TP, ALB,
TG, HDL-C, fat deposition, HCW, CCW, HCD and EE; and significant negative effects
(P<0.05) on FCR, ADFI, TC, LDL-C, a*, b* and SE. In conclusion, the recommended
supplementation of glycerol in the diet of Kazakh ewes is 7% DM for optimal fattening
performance without compromising health. This study may provide a theoretical basis
for the rational utilization of food-grade glycerol in sheep diets.
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In recent years, a large number of studies have explored
the potential of adding glycerol to ruminant diets. Cheng
and Huang ! reported that glycerol can improve the
economic efficiency of beef cattle rearing. Barros et al.!
and Van Cleef et al.”! found that the use of crude glycerol
only reduced the nutrient intake of the animals and had
no significant effect on growth performance. Orrico et
al.® concluded that the addition of 7.5% crude glycerol
to the diet of fattening lambs had a more positive effect
in terms of reducing dry matter intake, improving feed
conversion and reducing feeding costs. Ribeiro et al.”
suggested that the addition of 70 g/kg of crude glycerol

INTRODUCTION

Kazakh sheep is a meat and fat dual-purpose rough wool
sheep breed, with adaptability, cold resistance, rough
feeding, stable genetic traits, disease resistance, and other
excellent characteristics. They are quick to catch fat in
summer and fall and have high meat and fat production
performance !". Inadequate forage in winter and spring
leads to insufficient nutritional intake and poor body
condition of sheep, which seriously affects the production
and reproductive performance of ewes in the coming
year. Therefore, empty ewes need to supply energy and
restore body condition in the spring. Crude glycerol is a

by-product of the conversion of vegetable oils or animal
fats into biodiesel, and its main component is glycerol 2.
Glycerol has an energy value similar to corn. It is a safe
and promising animal feed that can enter the animal
feed market as a safe dietary ingredient for animals, thus
replacing traditional energy feeds 4.

to lamb diets contributed more positively to increases in
slaughter weight, carcass weight and improved carcass
traits. However, Brant et al.'”’ demonstrated that replacing
energy diets with glycerol significantly reduced lamb final
weight, average daily gain and cold carcass yield. The
effect of glycerol addition to ruminant diets on the above

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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indicators varied from experiment to experiment, thus
more in-depth studies are needed.

Current research on glycerol has focused on exploring
its effects on feed intake, nutrient digestibility, rumen
fermentation and sensory traits. However, the effect
of food-grade glycerol as an energy supplement on fat
deposition and fattening in Kazakh ewes has not been
reported. Therefore, this study aimed to evaluate the
effect of glycerol as an energy supplement in feed on
growth performance, serum biochemical indexes, carcass
traits, fat deposition and meat quality of fattening Kazakh
sheep and to determine the appropriate dosage in diets.
Ultimately, a theoretical basis was laid for the application
of food-grade glycerol in sheep farming.

MATERIAL AND METHODS
Ethical Statement

This study was approved by the Bioethics Committee
of Shihezi University (Approval no: A2021-38). All
sheeps were kept experimentally and euthanized in strict
accordance with the committee’s guidelines. During the
experiment, every effort was made to minimize suffering
by the animals.

Animals, Experimental Design and Feed

Forty healthy Kazakh ewes (18 months of age; initial body
weight = 32.55+3.13 kg) were selected in the spring and
randomly divided into 4 groups of CON, Gly1%, Gly7% and
Gly12% according to the level of glycerol supplementation,
with 10 replicates in each group. All sheep were fed a
basal diet for a 104-d feeding period (comprising a 14-d
adaptation period and a 90-d experimental period). The
diet was formulated according to The National Research
Council (NRC) (2007) ewes nutritional standard, and its

composition and nutritional levels are listed in Table I.
And the glycerol used in this experiment was food-grade
glycerol (License No. SC20137148200057, purity: 99.88%,
combustion energy: 4.32 Mcal/kg), which was supplied by
Shandong Xuanyang Biotechnology Co. Ltd (Shandong,
China).

Forty sheep were shorn and vaccinated before the
experiment and weighed and housed in groups in a semi-
open barn with a consistent feeding environment in terms
of temperature, ventilation and light. Sheep were fed the
basal diet twice a day (at 08:00 and 19:00) with ad libitum
feeding and watering. Glycerol was dissolved in water
and administered 1 h after morning feeding each day
according to the glycerol concentration corresponding
to the different groups. The amount of sheep fed to each
group was adjusted to exceed the total feed intake of each
group by about 3% on the previous day. At the end of the
feeding experiment, six sheep from each group with final
body weights close to the group average were selected and
euthanized after 12 h of fasting and water deprivation.

Determination of Growth Performance

The body weight was recorded as initial body weight
(IBW) on the 1st day and final body weight (FBW) on the
90th day of the experiment period and was weighed every
30d during the experiment period. The amount of feed
and leftovers from each group were collected and weighed
daily to calculate the average daily feed intake of sheep in
the group (ADFI=(amount fed on the day-leftovers on day
2)/10). Finally feed conversion ratio (FCR=ADFI/ADG)
was calculated.

Serum Collection and Analysis

Serum was prepared by collecting 5 mL of jugular vein
blood before morning feeding on days 1, 30, 60, and 90

Table 1. Ingredients and chemical compositions of basal diet (%, of DM)

Ingredients Content, % Chemical Composition® Content, %
Alfalfa hay 40.00 Net energy (Mcal/kg) 2.62
Alfalfa silage 35.00 Dry Matter (DM) 83.375
Oat grass 5.00 Crude protein (CP) 17.50
Soybean meal 7.90 Ash 8.63
Corn 8.50 Ether extract (EE) 2.90
Baking soda 1.50 Calcium 0.49
Premix’ 1.00 Phosphorus 0.41
Sodium chloride 0.80 Neutral detergent fiber(NDF) 44,94
Lysine 0.30 Acid detergent fiber(ADF) 35.59
Total 100.00

! Provided the following per kilogram of diet: 3600 mg of Fe (as ferrous sulfate), 4000 mg of Zn (as zinc sulfate), 400 mg of Cu (as copper sulfate),
20 mg of Na (as sodium chloride), 2000 mg of Mn (as manganese), 40 mg of I (as potassium iodide), 20 mg of Co (as cobalt sulfate), 400,000 IU of
vitamin A, 40,000 IU of vitamin D,, and 8,000 IU of vitamin E.

2 Energy level were predicted and the rest nutrient levels were measured
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of the positive test period, respectively. Total protein
(TP), albumin (ALB), globulin (GLB), creatinine (Cre),
blood urea nitrogen (BUN), glucose (GLU), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), total cholesterol
(TC), alanine aminotransferase (ALT), aspartate amino-
transferase (AST), and alkaline phosphatase (AKP) were
measured using commercially available kits from the
Institute for Construction Bioengineering (Nanjing,
Jiangsu, China). Experiments were performed on a full-
wavelength enzyme labeler-microplate spectrophotometer
(Thermo Fisher Scientific, USA) instrument as described
by Zheng et al.l'!l.

Determination of Fat Deposition and Carcass Traits

Live weight before slaughter (LWBS), organ weights, and
fat weights of each site (pericardial fat, perirenal fat, and
tail fat) were weighed and recorded, and then an index
was calculated for each organ (organ index= (organ
weight/LWBS) x 100). The carcasses were weighed as hot
carcass weights (HCW) after standing for 30 min and cold
carcass weights (CCW) after 24 h of acid drainage at 4°C,
and the hot carcass dressing percentage (HCD = (HCW/
LWBS) x 100) and cold carcass dressing percentage (CCD
= (CCW/LWBS) x 100) were calculated. Loin eye muscle
area (LEA = Length x width x 0.7) and back-fat thickness
(BFT) were measured as described by Coria et al."?! at the
longissimus dorsi between the 12" and 13" ribs on the left
side of the carcass.

Determination of Meat Quality

A sample of the longissimus dorsi of each sheep was
taken and measured for meat color and pH. PH was
determined at 45 min and 24 h after slaughter using a
portable acidimeter. Meat color was recorded 45 min
after slaughtering with a meat colorimeter (MATTHAUS,
OPTP-STAR, Germany), including L* (brightness), a*
(red) and b* (yellow). Meat color and pH were measured
three times at different parts of the sample and the average
of the three points was taken to determine the final values.
Samples of the longissimus dorsi were taken for the
determination of drip loss, cooking loss and shear force.
Each sample was trimmed into a 2 cm square, weighed
and recorded as W1, hung in a bag, stored at 4°C for 24
h and then blotted and weighed as W2, which was used
to calculate the drip loss (DL = (W1-W2)/W1 x 100).
About 50 g of each muscle sample was taken, weighed and
recorded as wl, and heated in a sealed water bath at 80°C
for 1 h. The meat samples were removed and cooled to
room temperature in cold water, drained and weighed and
recorded as w2, which was used to calculate the cooking
loss (CKL = (wl-w2)/wl x 100). The meat samples after
cooking loss determination were cut into lcmx1lcmx3cm
sizes along its muscle fiber direction for shear force (SF)

determination. Each sample was randomly selected at
three different locations and cut perpendicular to the
muscle fiber direction using a digital tenderizer (Model:
C-LM3B), and the average value was taken at the end.

The chemical composition of the longissimus dorsi and
diets was determined according to the recommendations
of AOAC (2008). Conventional nutrients were determined
according to the following methods: dry matter (method
934.01); crude protein (CP) (N x 6.25; method 984.13);
ether extract (EE) (method 920.39); crude ash (Ash)
(method 942.05) were determined 1%,

Statistical Analysis

The experimental data were analyzed using SPSS
26.0 software. Data on ADG, ADFI, FCR and serum
biochemical indexes were analyzed using a linear mixed-
effects model. The method used comprised treatment,
period, and treatment X period as fixed factors, and sheep
as a random factor to assess the effect of different glycerol
levels of repeated measures over time on the same sheep.
Means were estimated using least-square means, with
statistical significance between groups determined using
the Duncan test '*°. The remaining data were analyzed
by one-way ANOVA and Duncan test. The results were
expressed as the mean + SEM. A statistical significance
was considered as P<0.05, and a trend was defined as
0.05<P<0.10.

RESULTS

As can be seen in Table 2, the difference in IBW between
the groups was not significant (P>0.05), and FBW was
significantly increased in the Gly7% group (P<0.05).
Period and treatment x period had no significant
effect on ADG and FCR (P>0.05), while Period had
a significant difference on ADFI (P<0.05), especially,
ADFI was significantly reduced on the 60th and 90th
d. The differences in ADG, ADFI and FCR between
the groups were significant (P<0.05), with the Gly 7%
group significantly increasing ADG by about 28.40% and
decreasing ADFI and FCR by about 1.63% and 35.57%,
respectively, compared with the CON group.

The blood biochemical indexes of Kazakh sheep are shown
in Table 3. Treatment x period had a significant effect
on serum GLU, TG, HDL-C and LDL-C levels (P<0.05),
but not on other indexes (P>0.05). In terms of treatment,
serum concentrations of GLU, TP, ALB, TG, HDL-C and
TG were significantly higher and serum concentrations of
TCand LDL-C were significantly lower in the Gly7% group
compared to the CON group. However, other biochemical
indexes were not significantly different between the
groups (P>0.05). The effects of the experiment period on
serum GLU, LDL-C, TG, TC and AKP parameters were
all significantly different (P<0.05). Among them, serum
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Table 2. Effect of glycerol supplementation in diets on growth performance of Kazakh sheep (n=10)
Experimental Diets Period P-Value
Item SEM SEM
CON Glyl% | Gly7% Glyl12% 30d | 60d 90d Treatment | Period |Treatment x Period
IBW/kg 32.58 32.52 32.54 32.56 0.450 - - - - 1.000 - -
FBW/kg 45.30° 46.66° 48.60° 45.02° 0.501 = = = = 0.039 = =
ADG/(g/d) | 142.78° | 155.56® | 183.33* 131.67° 6.640 | 153.00 | 157.83 | 150.67 6.606 0.018 0.891 0.472
ADFI/(g/d) 1.23* 1.22% 1.21° 1.22% 0.003 | 1.29* | 1.19° 1.18° 0.001 0.004 <0.001 0.154
FCR 11.16* 8.56 7.19¢ 10.33%® 0.399 | 9.09 9.18 9.67 0.397 0.001 0.780 0.565

> Values within a row with different superscripts differ significantly at P<0.05; CON, Gly 1%, Gly 7% and Gly 12% group was fed the basal diet supplemented with glycerol at 0%,

1%, 7%, and 12% (DM basis) per sheep

Table 3. Effect of glycerol supplementation in diets on blood biochemical indexes of Kazakh sheep (n=10)

Experimental Diets Period P-Value
fem CON | Glyl% | Gly7% | Gly12% M) 0d | 30d | eod | 90d | | Treatment | Period Trel‘,‘g‘i‘;:i‘tx
GLU (mmol/L) 237 | 2540 | 260° | 248% |0034| 2.24° | 248 | 273 | 253 |0.031| 0040 | <0.001 0.016
Cre (pmol/L) 49.11 55.71 59.25 52.53 1.583 | 49.65 | 59.06 | 55.25 | 52.65 | 1.554 0.100 0.128 0.713
TP (g/L) 55200 | 5564 | 5644° | 5539° |0.137| 5552 | 5598 | 5581 | 5544 |0.116| 0011 | 0.400 0.985
ALB (g/L) 21610 | 2226% | 22,63 | 2258 | 0.132| 21.96 | 22.03 | 22.44 | 22.64 | 0.130| 0015 | 0.152 0.468
GLB (g/L) 3368 | 3338 | 3381 | 3281 |0.179| 33.56 | 33.96 | 3337 | 32.80 |0.175| 0173 | 0.118 0.896
BUN (mmol/L) 515 | 513 | 513 | 519 |0010| 513 | 513 | 516 | 518 |0.010| 0080 | 0.107 0.249
TG (mmol/L) 0.55° 0.57% 0.60* 0.54° 0.008 | 0.55® | 0.53" 0.60* | 0.58® | 0.008 0.014 0.013 0.030
HDL-C (mmol/L) | 097° | 099% | 102* | 095 |0.010| 096 | 097 | 1.02 | 098 |0010| 0023 | 0.09 0.030
LDL-C (mmol/L) | 061° | 0.56% | 054> | 061* |0.012| 065 | 0.61° | 052 | 0.5 |0.011| 0039 | <0.001 0.034
TC (mmol/L) 158 | 151% | 134 | 131" [0.037| 128" | 1.45° | 154* | 1.48% | 0036 | 0014 | 0.048 0.954
ALT (U/L) 22.46 21.63 21.49 21.91 0.240 | 22.60 | 22.19 | 21.07 | 21.64 | 0.235 0.466 0.105 0.981
AST (U/L) 89.25 89.12 89.88 88.67 0.472 | 89.92 | 89.52 | 89.53 | 87.95 | 0.441 0.748 0.185 0.492
AKP (U/L) 8692 | 8563 | 8508 | 8724 |0.419| 87.65 |86.82%| 85.07° | 8533 | 0.410 | 0.161 | 0.012 0.774

*b< Values within a row with different superscripts differ significantly at P<0.05; CON, Gly 1%, Gly 7%, and Gly 12% group was fed the basal diet

supplemented with glycerol at 0%, 1%, 7% and 12% (DM basis) per sheep

Table 4. Effect of glycerol supplementation in diets on fat deposition of Kazakh sheep (n=6)
Experimental Diets

Item SEM P-Value

CON Gly1% Gly7% Gly12%
Pericardial fat 67.42 73.24 75.35 68.88 1.885 0.433
Perirenal fat 96.70° 119.62¢ 124.55° 98.19° 4.044 0.012
Tail fat 939.17° 976.55® 1048.10° 923.95° 17.126 0.036
Total fat 1003.29° 1169.40* 1248.00° 1091.02° 19.427 0.007
> Values within a row with different superscripts differ significantly at P<0.05; CON, Gly 1%, Gly 7%, and Gly12% group was fed the basal diet supplemented with glycerol
at 0%, 1%, 7% and 12% (DM basic) per sheep

GLU, TG, and TC levels were significantly higher, and
LDL-C and AKP levels were significantly lower on 60 d.
However, HDL-C content tended to increase (P=0.090) on
60 d (1.02 mmol/L vs. 0.96 mmol/L).

As shown in Table 4, perirenal fat, tail fat and total
fat weights differed significantly (P<0.05) among the

groups. Compared to the CON group, perirenal fat was
significantly increased by about 23.70% and 28.80% in the
Gly 1% and Gly 7% groups, and tail fat and total fat were
significantly increased by about 11.60% and 24.39% in the
Gly 7% group. Fat weight in the CON group was lower
than in each glycerol group, except in the tail fat, where fat
weight was slightly higher than in the Gly 12% group. The
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Table 5. Effect of glycerol supplementation in diets on carcass traits of Kazakh sheep (n=6)
Experimental Diets

Item SEM P-Value

CON Gly1% Gly7% Gly12%
LWBS (kg) 45.40 46.53 48.50 44.90 0.537 0.073
HCW (kg) 19.89° 20.61° 22.18* 19.83° 0.323 0.022
HCD (%) 43.79° 44.28° 45.71* 44.17° 0.260 0.035
CCW (kg) 18.70° 19.67% 21.00* 18.77° 0.332 0.037
CCD (%) 41.19 42.22 43.35 41.83 0.477 0.465
BFT (mm) 4.88 5.27 5.65 5.15 0.112 0.103
LEA (cm?) 14.24 13.78 13.42 13.93 0.150 0.296
b Values within a row with different superscripts differ significantly at P<0.05; CON, Gly 1%, Gly 7%, and Gly 12% group was fed the basal diet supplemented with glycerol
at 0%, 1%, 7% and 12% (DM basis) per sheep

Table 6. Effect of glycerol supplementation in diets on organ weights and indexes of Kazakh sheep (n=6)
Experimental Diets
Organ Item SEM P-Value
CON Gly1% Gly7% Gly12%

Weight (g) 260.97 256.53 272.33 258.50 2.492 0.101
Heart

PLWBS (%) 0.58 0.55 0.56 0.58 0.010 0.463

Weight (g) 503.27 570.15 631.87 563.95 18.826 0.111
Liver

PLWBS (%) 1.12 1.30 1.33 1.09 0.050 0.230

Weight (g) 75.27 78.07 77.20 72.70 1.111 0.346
Spleen

PLWBS (%) 1.17 1.17 1.16 1.16 0.003 0.890

Weight (g) 467.40 470.57 480.60 463.37 4.481 0.596
Lungs

PLWBS (%) 1.03 1.01 0.99 1.04 0.013 0.704

Weight (g) 170.50 176.77 180.90 171.53 2.524 0.455
Kidneys

PLWBS (%) 0.38 0.38 0.37 0.38 0.006 0.946
CON, Gly 1%, Gly 7% and Gly 12% group was fed the basal diet supplemented with glycerol at 0%, 1%, 7%, and 12% (DM basic) per sheep
Table 7. Effect of glycerol supplementation in diets on meat quality of Kazakh sheep (n=6)

Experimental Diets
Item SEM P-Value
CON Gly1% Gly7% Gly12%

pH,. . 6.19 6.24 6.33 6.24 0.035 0.592
pH,,. 5.73 5.47 5.61 5.69 0.049 0.240
I 34.13 38.60 36.57 36.00 0.658 0.111
a* 13.43° 12.32° 12.31° 12.08° 0.180 0.023
b* 9.83* 9.59% 9.29° 9.15° 0.088 0.016
SE (N) 32.97* 30.03® 28.13° 30.67 0.603 0.029
DL (%) 2.51 2.29 2.09 2.35 0.063 0.118
CKL (%) 30.67 29.45 28.35 29.80 0.328 0.082
> Values within a row with different superscripts differ significantly at P<0.05; CON, Gly 1%, Gly 7%, and Gly12% group was fed the basal diet supplemented with glycerol
at 0%, 1%, 7% and 12% (DM basic) per sheep

above results indicate that glycerol supplementation in
the diet had a promotional effect on fat deposition, which
was more pronounced in the Gly 7% group.

Carecass traits are shown in Table 5. Significant differences
were observed in HCW, HCD and CCW between the
groups (P<0.05). HCD increased in all glycerol groups

compared to the CON group and increased with
increasing glycerol levels in the Gly1% and Gly7% groups.
However, there was a tendency for the Gly1% and Gly7%
treatment groups to have higher LWBS (P=0.073) than the
CON group (46.53 and 48.50 vs. 45.40 kg). In terms of
organ weights and organ indexes (Table 6), there were no
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Table 8. Effect of glycerol supplementation in diets on the chemical composition of the longissimus dorsi of Kazakh sheep (n=6)

Experimental Diets
Item SEM P-Value
CON Gly1% Gly7% Gly12%
Moisture (%) 68.61 70.29 71.01 69.73 0.372 0.129
CP (%) 23.27 23.63 24.64 23.17 0.229 0.080
EE (%) 5.05" 5220 5.40° 5.20% 0.043 0.025
Ash (%) 1.28 1.24 1.24 1.25 0.006 0.176

glycerol at 0%, 1%, 7% and 12% (DM basic) per sheep

** Values within a row with different superscripts differ significantly at P<0.05; CON, Gly 1%, Gly 7% and Gly12% group was fed the basal diet supplemented with

significant differences (P>0.05) between the groups. Liver
and kidneys weights were increased in all glycerol groups
as compared to the CON group, with the Gly7% group
maximizing the increase by about 25.55% and 6.10%. All
glycerol groups decreased heart and lungs indexes and
increased liver index.

The meat quality is shown in Table 7. The pH value of the
slaughtered muscle was less than 7.0, which was weakly
acidic, and the pH value decreased with the cooling time
of the muscle, but the difference between the groups was
not significant (P>0.05). The a*, b* and SF decreased
significantly with increasing glycerol levels (P<0.05).
There was a trend of decreasing CKL in the treatment
group compared to the CON group (29.45%, 28.35% and
29.80% vs. 30.67%) (P=0.082). In terms of muscle chemical
composition (Table 8), after glycerol supplementation,
the EE content of muscle was increased in all groups,
including a significant increase of 6.93% in the Gly7%
groups (P<0.05). In addition, the content of CP in the
Gly1% and Gly7% groups tended to increase compared
with the CON group (23.63% and 24.64% versus 23.27%)
(P=0.080). However, there was no significant difference in
moisture and Ash content between the groups (P>0.05).

Di1scusSION

Piao et al."® found that replacing a portion of the molasses
in the diet with 3.17% glycerol increased the intake of
their concentrates, and hypothesized that glycerol was
more effective than molasses in improving appetite.
Studies have shown that adding 5% and 10% glycerol
to diets can increase ADG, decrease FCR and limit feed
intake "'l Our experimental results were similar in that
the increase in glycerol supplementation in the diet was
accompanied by a significant limitation of ADFI, which
gradually decreased over time, reaching a minimum on
the 90 d of the experiment. We speculate that this may
be because absorbed glycerol is metabolized in the liver
to 3-phosphoglycerol, which then participates in the
gluconeogenesis or glycolysis pathway, increasing the
number of hepatic tricarboxylic acid cycles, which in turn
stimulates satiety in sheep, leading to a decrease in feed
intake. And Wang et al."®! reported that ADG increases

with increasing dietary energy levels. However, we found
that the body weight and ADG of the highest energy
Gly12% group did not follow this pattern. We considered
that the excessive nutrient levels negatively affected the
digestion and metabolism of the sheep, thus affecting their
growth performance. Meanwhile, ADG was highest on d
60, suggesting that this is when sheep are physiologically
at their best. A similar report is: Ding et al.?” found that
ADG and FCR were highest on d 45 in a 60-d experiment.

Serum biochemical indexes can reflect the body’s
absorption and metabolism of nutrients 1. GLU levels are
positively correlated with dietary energy levels, with low
GLU levels indicating a low level of dietary nutrition or
a reduced ability of the body to digest, absorb and utilize
sugars. GLU content is influenced by dietary energy levels,
with low GLU indicating a low level of dietary nutrition or
a reduced ability of the body to digest, absorb and utilize
sugars 2. In the present study, the CON and Gly12%
groups had lower GLU levels, which was consistent with
their lower body weights and ADGs, suggesting that these
groups had inadequate energy intake or lower utilization
of sugars. Melanson et al.”®) demonstrated for the first
time that starvation is concomitant with a decrease in
blood glucose, which in turn regulates animal feeding,
and the relationship between the level of ADFI and GLU
concentration in the present experiment is consistent with
the above relationship. In the present study, we found that
TG levels were significantly higher in the Gly7% group,
suggesting that dietary supplementation with 7% glycerol
promotes fat synthesis, according to the report of Cheng et
al. I, However, elevated TG leads to associated metabolic
disturbances such as decreased HDL-C and increased
LDL-C I, We found that as TG increased, HDL-C
instead increased and LDL-C instead decreased, thus
inferring that glycerol supplementation does not lead to
metabolic disorders in animals. Serum TP and ALB reflect
the ability of the liver to synthesize proteins. The TP and
ALB levels increased after glycerol supplementation, and
the TP levels were all lower than 60 g/L and the ALB levels
were all higher than 20 g/L, which were in line with the
healthy range reported by Braun et al.?*. This suggests
that glycerol supplementation does not affect the health
of sheep and is beneficial in improving protein synthesis.
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The nutritional level of the diet is a key factor influencing
fat deposition in animals .. Glycerol had a significant
effect on perirenal fat, caudal fat and caudal fat deposition
in this study. Song et al.*! found that tail fat and perirenal
fat decreased the most when diets were energy restricted.
Differently, we found that tail fat and perirenal fat in the
CON group were significantly lower than those in the
Glyl% and Gly7% groups, but the difference with the
Glyl12% group was not significant. This suggests that
glycerol has a certain promotion effect on fat deposition
in sheep, and the fat deposition was optimal when the
supplementation amount was 7%. The pattern of change in
fat deposition was similar to that of ADG and TG, which
was also in line with our speculation above the energy
provided by the Gly12% group exceeded the demand of
sheep, and their growth and metabolism were inhibited
in all aspects.

Diet energy levels are closely related to carcass traits .
We found that HCW, CCW and HCD were significantly
higher in the Gly1% and Gly7% groups than in the CON
group. This suggests that the supplementation of glycerol
at appropriate levels in the diet has a positive effect on
increasing the carcass dressing percentage of sheep.
However, Chanjula et al.?” found that the addition of 5%,
10% and 20% glycerol to the diet did not significantly
affect the above indexes. This may be because the food-
grade glycerol added in this experiment had a higher
glycerol concentration than crude glycerol. In addition,
LEA was not significantly different between groups, but
LEA was lower in both glycerol groups than in the CON
group, which is not by the idea that the greater the carcass
weight, the greater the area of the loin and eye muscles ©*"\.
It is hypothesized that the possible reason for this is the
positive effect of glycerol on the deposition of fat and
muscle in animals. The weight of visceral organs increased
significantly with increasing nutritional levels B2
However, in the present study, glycerol was found to have
no significant effect and only increased the weight of the
liver and kidneys. This may be related to the age of the
animals; the organs of the adult ewes in the present study
were fully developed and glycerol supplementation could
only promote further development of organs involved in
energy balance.

The pH is an important indicator of muscle glycolysis
rate and the increase in lactate content after slaughter
leads to a decrease in pH values to 5.3-5.8 ®4. The results
of the present study were similar with pH values within
the reported normal range ??. The a* and b* of muscle
decreased significantly with an increase in glycerol,
suggesting a possible negative correlation between glycerol
levels and flesh color. The L* of the muscle decreases with
increasing energy !'*), but this is not the case in our results,
which may be related to the pH of the muscle, where L*

increases as the final pH decreases . In addition, we
found that the muscles in each glycerol group had lower
SF and higher EE content, with the Gly7% group having
the highest EE content and the lowest SE. Our results are
in line with the conclusion of Bezerra et al.*"! that there is
a negative correlation between SF and EE. This suggests
that glycerol promotes intramuscular fat deposition,
which in turn improves muscle tenderness.

In conclusion, it was determined that glycerol
supplementation was effective in increasing FBW, ADG,
HCW, CCW, HCD and serum concentrations of glycolipid
metabolites, and was effective in decreasing FCR and ADFI
in Kazakh sheep. In addition, glycerol supplementation
promotes fat deposition, increases intramuscular fat
content, reduces SF and improves meat quality. Therefore,
it is feasible to supplement glycerol in the diet of empty
ewes for fattening to improve body condition and provide
energy for reproductive performance. We suggest that
optimal fattening can be achieved with a 7% glycerol
supplementation in the diet of empty ewes.
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Abstract

In high Andean regions with subsistence livestock farming, diagnostic studies are rarely
conducted for reproductive issues in extensively bred cows. This research aimed to
determine the seroprevalence of Neospora caninum, bovine viral diarrhea virus (BVDV),
and bovine herpesvirus (BHV-1) in cattle above 3300 meters in Peru. Blood from 292
cattle across categories and breeds was collected. Antibody prevalence was 13.70+3.94%
for N. caninum, 30.14+5.26% for BVDV, and 2.74+1.87% for BHV-1. District-wise
differences were not significant (P>0.05). Cow and Creole breed were the most affected,
but without statistical variance (P>0.05). These results confirm N. caninum, BVDV,
and BHV-1 presence in reproductive issues in high altitudes cattle in Cajamarca and
Celendin provinces.
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INTRODUCTION

The management of bovine reproduction is the
cornerstone of herd health provision and the success in
modern veterinary practice for large animals. However,
over the last decades, fertility has steadily declined, despite
increasing veterinary intervention '. The primary factors
negatively affecting cattle reproduction are attributed to
pathogenic microorganisms.

Protozoan parasites such as Neospora caninum directly
impinge upon bovine reproductive health . In cattle,
they manifests considerable global economic losses
attributable to reproductive disorders including
abortion, retention of fetal membranes, metritis, estrus
repetitions, and temporary anestrus ©°l. Furthermore,

viruses such as bovine viral diarrhea virus (BVDV) and
bovine herpesvirus-1 (BHV-1) exert significant adverse
reproductive impacts on cattle health. Within the
reproductive tract, BVDV induces suboptimal fertility,
abortions, and fetal deformities during gestation ™.
Conversely, BHV-1 precipitates systemic infections,
fever, anorexia, nasal mucosa reddening, cough, and
conjunctivitis, often culminating in abortions occurring.
Early embryonic demise can also ensue as a consequence
of the infection ..

Moreover, climatic conditions exert a discernible influence
on animal reproduction. Productive efficiency of dairy
cows is diminished at higher altitudes compared to lower
altitude areas °.. Extreme weather conditions disrupt the
energy exchange between the animal and its environment,

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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negatively impacting reproduction. Conception rates
decline under heat and cold stress, with endocrine
functions being perturbed by climatic extremes ..

The raising of dairy cattle in the highlands of the
Peruvian mountains is centered on an extensive system,
with an average of six to seven animals per farm and
distinct health and reproductive management practices
compared to valleys or intensive systems, including
the use of dogs for herding and livestock care. A study
conducted at 3200 meters above sea level in hamlets of
the provinces of Cajamarca, Celendin, and Hualgayoc
evaluated the effectiveness of estrus synchronization and
artificial insemination, achieving a pregnancy rate of
42.82% (301/703) 8. However, after the study, producers
frequently reported cases of infertility, abortions, and
retained placentas.

Given the background of reproductive problems in
cows from the mentioned provinces and with the aim
of pinpointing whether the causes could be of infectious
origin, this study determines the seroprevalence of three
etiological agents involved in reproductive issues: N.
caninum, BVDV, BHV-1, in extensively raised dairy cattle
located above 3300 meters above sea level in hamlets of
two districts of the provinces of Cajamarca and Celendin.

MATERIAL AND METHODS
Ethical Considerations

The owners of the cattle taken for consultation were
informed and agreed to the participation of their animal
in the study. Sampling was performed taking all biosafety
and animal welfare measures, according to the guidelines
of the Ley de Proteccion y Bienestar Animal - N° 30407, of
the Peruvian State.

Study and Sampling Area

This is an exploratory study in which a total of 292 cattle
were evaluated. Cattle of varying age categories and breeds
were randomly sampled, situated at altitudes ranging from
3311 to 3979 meters above sea level, and distributed across
hamlets within the La Encanada and Sorochuco districts
of the Cajamarca and Celendin provinces, respectively.
Among the total sampled animals, six of them had a history
of abortion (n=5) and infertility (n=1), as per information
provided by the livestock producers. The study area
exhibits an average annual temperature of 7.85°C and a
relative humidity of 83.93%. GPS technology (GPSMAP®
66i, USA) was employed to ascertain the altitude of each
hamlet.

The hamlets under investigation in this study are situated
within mining-influenced zones that promote livestock
husbandry improvement through cattle acquisition
and the implementation of reproductive biotechnology

Fig 1. Presentation of cattle farming at high altitudes. Buena Vecindad
village: Extensive cattle farming is observed alongside alpacas and donkeys
(A, D). El Porvenir village: Cattle are seen in fields with low vegetation
coverage and small-sized pastures (B, C)

programs. These areas boast a diverse array of wildlife,
including Andean foxes, Andean deer, and others. The
cattle were reared in an extensive husbandry system, with
interactions occurring among ovine, caprine, equine,
porcine, and, in some instances, alpacas. All livestock
keepers had dogs without health controls, which they
employed for both companionship and assistance in
livestock management. On the other hand, it was observed
that the pasture intended for cattle consumption exhibited
poor quality and limited quantity (Fig. 1).

Sampling and Diagnostics

The animals were identified using information provided
by the livestock owner (names and ear tag numbers).
These animals had not been vaccinated at any point against
BVDB or BHV-1. From each animal, 5 mL of blood was
collected by coccygeal venipuncture using the vacuum
tube system (Vacutainer) into additive-free tubes. The
tubes were placed in a rack and transported in a thermal
box to the Laboratory of the Fondo de Crédito para el
Desarrollo Agroforestal (FONCREAGRO), Cajamarca.

The tubes were centrifuged at 2500 rpm for 10 min. The
serum was transferred to 2 mL Eppendorf tubes, frozen
at -8°C, and subsequently transported by air to the
Microbiology and Parasitology Laboratory of the Faculty
of Veterinary Medicine (FMV) at the National University
of San Marcos (UNMSM) in Lima, Peru.

Antibodies against N. caninum were detected using a
commercial competitive ELISA kit (N. caninum Antibody
Test Kit, cELISA, VMRD, USA). The procedure was
conducted according to the manufacturer’s instructions.
Serum samples with an inhibition percentage of 30% or
higher were classified as positive. Antibodies against
Bovine Viral Diarrheavirus (BVD) and Bovine Herpesvirus
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(BHV-1) were detected using viral neutralization. Fetal
bovine nasal turbinate cell cultures, free of BVD virus,
were employed as indicator systems in both cases. The
cells were cultured using Minimum Essential Medium
(MEM) and Leibovitz (L-15) Medium (SIGMA, USA),
in a 50:50 ratio supplemented with 10% BVD-free fetal
bovine serum and antibiotics (SIGMA, USA).

The technique described by the OIE ¥ and the protocol
of the Virology Laboratory of the FMV, UNMSM, were
followed. For the detection of antibodies against BVD, the
NADL strain, CP biotype genotype I, with a titer of 10°
DI50 CC/50 uL, was employed as the antigen. The Cooper
strain (Ames, USA), prototype strain of BHV-1 with a
titer of 10-° DI5, CC/50 mL, was used as the antigen in the
diagnosis of antibodies against BHV-1.

Samples were considered positive for BVD and BHV-1
antibodies when the serum titers were equal to or greater
than 1:2, as evidenced by the absence of cytopathic effects
on the indicator cells.

Statistical Analysis

The results were organized in MS Excel 2019, and
seroprevalence along with a 95% confidence interval was

calculated. Using the SPSS Statistics 27.0.1 software, the
independence of results between districts was assessed
using the Mann-Whitney U test, and P-values were
adjusted using the Bonferroni correction. Age category and
breed were analyzed using the non-parametric Kruskal-
Wallis test, and in cases where statistical differences were
identified, the Mann-Whitney U test was employed to
pinpoint the differing group.

RESULTS

Calf (0 - 12 months), heifer (>12 months - up to before
pregnancy), and cow (>parturitions) of Brown Swiss,
Holstein, and Creole breeds were sampled, distributed
across fifteen hamlets located between altitudes of 3311
to 3979 meters above sea level, all of which had not been
previously vaccinated. Antibodies against N. caninum
(13.70 [95% CI, 9.75-17.64]), Bovine Viral Diarrhea
Virus - BVD (30.14 [95% CI, 24.87 - 35.40]), and Bovine
Herpesvirus - BHV-1 (2.74 [95% CI, 0.87-4.61]) were
detected in the districts (Table 1, Fig. 2).

With the exception of the calf age group, which did not
show cases of BHV-1, all other categories exhibited
antibodies against N. caninum, BVD, and BHV-1 (Table

meters above sea level

Table 1. Prevalence (%) of seropositive animals for Neospora caninum, BVD, and BHV-1, by provinces in extensively raised dairy cattle located above 3300

Brovinee Village Altitude N N. caninum BVD BHV-1
District (masl) Positive | Prevalence (95% CI) | Positive | Prevalence (95% CI) | Positive | Prevalence (95% CI)
El Porvenir 3791 | 26 4 1538 (1.52-29.25) 8 30.77 (13.03-48.51) 0 0.00 (0.00-0.00)
Buena Vecindad 3476 | 11 1 9.09 (0.00-26.08) 0 0.00 (0.00-0.00) 0 0.00 (0.00-0.00)
El Valle 3311 5 2 40.00 (0.00-82.94) 0 0.00 (0.00-0.00) 0 0.00 (0.00-0.00)
Ca | YerbaBuena Chica | 3719 | 44 4 9.09 (0.60-17.59) 16 36.36 (22.15-50.58) 4 9.09 (0.60-17.59)
a]amarca.
La Encanada
BT 3979 | 23 2 8.79 (0.00-20.21) 9 39.13 (19.18-59.08) 2 8.70 (0.00-20.21)
Combayo
Quinuapampa 3828 | 24 1 417 (0.00-12.16) 15 62.50 (43.13-81.87) 1 4.17 (0.00-12.16)
SB"::;I{‘:““ Ce e 3561 | 28 5 17.86 (3.67-32.04) 15 53.57 (35.10-72.04) 0 0.00 (0.00-0.00)
Subtotal 161 19 11.80 (6.82-16.78)" 63 39.13 (31.59-46.67)" 7 435 (1.20-7.50)"
San Nicolas de
: 3705 | 10 1 10.00 (0.00-28.59) 2 20.00 (0.00-44.79) 0 0.00 (0.00-0.00)
Challuagon
Chugurmayo 3713 | 18 3 16.67 (0.00-33.88) 5 27.78 (7.09-48.47) 0 0.00 (0.00-0.00)
Alto Cruz Pampa 3547 | 10 0 0.00 (0.00-0.00) 0 0.00 (0.00-0.00) 0 0.00 (0.00-0.00)
Celendin:
Sorochuco | Agua Blanca 3667 | 62 11 17.74 (8.23-27.25) 13 20.97 (10.83-31.10) 1 1.61 (0.00-4.75)
El Tingo 3414 | 3 1 33.33 (0.00-86.68) 1 33.33 (0.00-86.68) 0 0.00 (0.00-0.00)
La Chorrera 3688 | 5 1 20.00 (0.00-55.06) 1 20.00 (0.00-55.06) 0 0.00 (0.00-0.00)
Utiigan Pululo 3744 | 23 4 17.39 (1.90-32.88) 3 13.04 (0.00-26.81) 0 0.00 (0.00-0.00)
Subtotal 131 21 16.03 (9.75-22.31)" 25 19.08 (12.35-25.81) 1 0.76 (0.00-2.25)°
Total 292 | 40 13.70 (9.75-17.64) 88 30.14 (24.87-35.40) 8 2.74 (0.87-4.61)

**Different letters indicate statistical differences between districts for each disease agent (Mann-Whitney U test + post hoc test [Bonferroni correction], P<0.05)
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Fig 2. Distribution of seropositive cases in the villages of the two districts,

Table 2. Prevalence (%) of seropositive animals for Neospora caninum, BVD, and BHV-1, by age group and breed in extensively raised dairy cattle located
above 3300 meters above sea level
N. caninum BVD BHV-1
Classification | Category | N°
Positive | Prevalence (95% CI) | Positive | Prevalence (95% CI) Positive Prevalence (95% CI)

Calf 15 1 6.67 (0.00-19.29)* 3 20.00 (0.00-40.24)* 0 0.00 (0.00-0.00)*
Age group Heifer 22 5 22.73 (5.22-40.23)* 10 45.45 (24.65-66.26)* 1 4.55 (0.00-13.25)*

Cow 255 34 13.33 (9.16-17.51)* 75 29.41 (23.82-35.00)* 7 2.75 (0.74-4.75)

153;‘::‘:’ 148 | 11 7.43 (3.21-11.66) 46 31.08 (23.62-38.54)° 6 4.05 (0.88-7.23)°
Breed Creole 128 25 19.53 (12.66-26.40)* 39 30.47 (22.49-38.44)* 2 1.56 (0.00-3.71)*

Holstein 16 4 25.00 (3.78-46.22)* 3 18.75 (0.00-37.88)* 0 0.00 (0.00-0.00)*
Total 292 40 13.70 (9.75-17.64) 88 30.14 (24.87 - 35.40) 8 2.74 (0.87-4.61)
**Different letters indicate statistical differences between categories within each column (Kruskal-Wallis + post hoc test [Mann-Whitney U test], P<0.05)

2). Similarly, the only group that did not show antibodies
against BHV-1 was the one composed of Holstein breed
animals (Table 2). However, it is necessary to note that the
number of individuals in both of these categories (calves
and Holstein breed) was smaller compared to the heifer
and cow categories, and to the Brown Swiss and Creole

breeds.

Out of the five animals with a history of abortion, four
were seropositive for BVD, and one was seropositive for
both N. caninum and BVD. The remaining animal with a
history of infertility was seropositive for BHV-1. Among
the positive animals, 5.14% exhibited antibodies against
both N. caninum and BVD simultaneously. Similarly,
1.71% showed antibodies against both BVD and BHV-1.

Di1SCcuUSSION

A global seroprevalence of 13.70+3.94% for Neospora
caninum, 30.14+5.26% for BVD, and 2.74+1.87% for
BHV-1 was found across the two districts. In Sorochuco,

a higher number of seropositive cases were observed for
N. caninum, unlike BVD and BHV-1, which were more
prevalent in La Encafiada. Numerically, the group of cows
exhibited the highest presence of antibodies against the
evaluated infectious agents. Creole animals showed the
highest reactivity against N. caninum, while Brown Swiss
exhibited higher reactivity against BVD and BHV-1.

Since all the cattle owners had dogs for companionship
and cattle care, these dogs could be one of the causes
contributing to the spread and latency of neosporosis in
the area. Studies have determined that the presence of
dogs on the farm is a determining factor for N. caninum
infection in cattle 1!,

A common practice among livestock farmers in the
assessed areas is to introduce animals by purchasing
them from local, regional, and national herds to improve
genetics. This practice may introduce pathogens due
to the lack of sanitary control before acquiring the
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animals. Furthermore, various reproductive techniques,
such as artificial insemination, have been employed to
optimize cattle reproduction, achieving a pregnancy rate
effectiveness of 42.82% (301/703) in a previous study
using estrus synchronization and artificial insemination.
However, before and after the study, producers frequently
reported cases of infertility, abortions, and retained
placentas . It is possible that these actions have
introduced and disseminated BVDYV, as this virus can
be transmitted directly to the reproductive tract through
semen or through insemination or embryo transfer
materials. Additionally, most producers, especially those
who disagree with artificial insemination or embryo
transfer programs, rely on natural mating in their herds.
In such cases, infected bulls transmit and spread BVDV
and BHV-1 to the cows 2. Consequently, the virus can
remain in constant transmission from mother to fetus .

It is plausible that altitude may not serve as a predisposing
factor for the presence of BHV-1 and BVD, given that both
diseases have been reported across various altitudinal
ranges !"*!4. Generally, in more remote areas far from
major cities, there is limited animal movement due to
poor road development and access routes, which might
prevent disease dissemination.

An important factor to consider is the effect of pasture
quality on the normal physiology of animals. Fig. I
illustrates agricultural conditions with underdeveloped
and poor-quality pastures. It has been demonstrated that
poor food quality adversely affects the fertility of cows !\,
Therefore, in addition to N. caninum, BVD, and BHV-1,
the impact of low-quality pastures on the reproductive
performance of cows in the evaluated districts should
also be taken into account. On the other hand, extensive
breeding of different animal species could potentially
contribute to the conservation and dissemination of
neosporosis, BVD, and BHV-1 in the livestock of the La
Encafiada and Sorochuco districts.

In conclusion, the presence of antibodies against N.
caninum, Bovine Viral Diarrhea Virus, and Bovine
Infectious Rhinotracheitis Virus type 1 was evidenced
for the first time in extensively reared cattle in the high-
altitude areas (>3300 meters above sea level) of two
districts in the provinces of Cajamarca and Celendin.
These agents could be contributing to the occurrence of
reproductive issues in the cattle population of the region.
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Abstract

Caudal vena cava (CVC) may develop abnormally due to its complex embryogenesis.
Understanding congenital variants such as duplication of CVC is essential for clinical
interventions, especially performed by surgeons and radiologists. In this context,
we summarize the imaging and clinical characteristics of CVC duplication and
accompanying portosystemic shunt diagnosed in a six-month-old cat using computed
tomography angiography. In our patient, the CVC branched into two vessels on either
side of the abdominal aorta and merged into a single vessel at the level where the renal
veins emerge. The duplication of the CVC, along with portosystemic shunts and ureter
anomalies, can increase the risk of thromboembolism, especially in cats with heart
disease. Due to the evolving nature of computed tomography technology in animals, the
number of diagnoses made using this method is still relatively low. It is anticipated that
the rate of CVC duplication in cats and dogs will increase as diagnoses become more
frequent.
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tomography, Angiography
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INTRODUCTION

In mammals, the caudal vena cava (CVC) forms as a single
vessel on the right side of the aorta as a result of a complex
process that includes the development, regression,
anastomoses and displacement of three pairs of embryonic
vessels: supracardinal, subcardinal and vitelline vessels 2.
The presence of the Duplicated Caudal Vena Cava
(dCVC) in the abdomen is most commonly due to the
persistence of two embryonic supracardinal veins. The
dCVC is physiological in whales and dolphins, but has
been reported as a rare variant in humans and domestic
animals. The prevalence of inferior vena cava duplication
in humans has been reported at 0.2-3%. The frequency
of dCVC occurrence varies between 3% and 27%,
influenced by factors such as the species or breed of the
animal and the type of diagnostic equipment employed ©*!.
It has been reported that awareness of abnormal
retroperitoneal vessels is important to avoid diagnostic
pitfalls and intraoperative complications during surgical
or interventional procedures. The dCVC has rarely
been reported in small animals. In reported cases,
dCVC was primarily identified as an incidental finding

during imaging for other reasons and was associated
with other congenital anomalies 2. When the collateral
system ensures sufficient venous return, the majority of
congenital venous anomalies, such as dCVC, typically
remain undetected and produce no symptoms 441,

Reflecting on the findings from retrospective veterinary
research on domestic animals, it has been observed that
numerous variations of the CVC exist. The occurrence of
these variants is closely associated with an increased risk
of concurrent ureteric anomalies or the development of
portosystemic shunts . In this report, we present the
symptoms and diagnosis of a rare anatomical variation of
the CVC, known as dCVC, using computed tomography.
The diagnosis of dCVC is important for recognizing
clinical symptoms, preventing diagnostic errors during
surgical interventions, and reducing intraoperative
complications. Additionally, being aware of congenital
anomalies that may accompany this anatomical variation
is crucial for a comprehensive patient assessment and
treatment planning. The purpose of this case report is to
contribute to the enhancement of surgical and diagnostic
approaches by addressing the clinical implications of
dCVC.

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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CASE HISTORY
Ethical Approval

Since this article is categorized as a case report, it is not
subject to ethical committee approval. Informed consent
was obtained from the animal owner to use the data
obtained from the clinical examination.

Clinical Examination of the Cat

A 6-month-old Siamese male cat was admitted to Istanbul
University-Cerrahpasa Veterinary Faculty Animal Hospital
with complaints of incoordination and seizures. The
cat was reported to undergo daily seizures, particularly

Table 1. Heamatological values of cat at presentation

Test Reference Value Result
RBC, x10°/uL 6.61 5.65-8.87
Hct, % 38.9 37.3-61.7
Hb, g/dL 9.9 13.1-20.5
MCYV, fL 65.3 61.6-73.5
MCH, pg 15.0 11.8-17.3
MCHC, g/dL 36.0 32.0-37.9
RDW, % 25.6 13.6-21.7
Retic, % 0.6

Retic, x10°/uL 30.8 10.0-110.0
WBC, x10°/uL 12.80 5.05-16.76
Neu, x10°/uL 6.46 2.95-11.64
Lym, x10%/uL 531 0.92-6.88

RBC: red blood cell, Hct: haematocrit, Hb: hemoglobin MCV: mean corpuscular
volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin
concentration, RDW: red cell distribution width, Retic: reticulocyte, WBC: white
blood cell, Neu: neutrophil Lym: lymphocyte

Table 2. Serum biochemical panel of cat at presentation

Test Reference Value Result
Bile acids (fasting), p1g mol/L 0.0-3.0 21.98
Bile acids (postprandial), ug mol/L 0.0-11.0 22.54
Ammonia, pg/dL 23.00-78.00 160
ALT, U/L 12-130 194
ALP, U/L 14-111 158
BUN, mg/dL 7.03-26.98 5.03
Glucose, mg/dL 85 74-143
CK, mg/dL 0,7 0.5-1.8
Calcium, mg/dL 8.6 7.9-11.3
TP, g/dL 5.8 52-8.2
Albumin, g/dL 2.5 2.3-4.0
Globulin, g/dL 3.9 2.8-4.8

ALT: Alanine Aminotransferase, ALP: Alkaline Phosphatase BUN: Blood Urea
Nitrogen, CK: Creatin, TP: Total Protein

occurring after meals. The patient’s rectal temperature
was 38.5°C and heart rhythm was 160 beats per minute.
Neurological examination showed increased tendon
reflexes in the front and hind legs. Proprioception and
cranial nerve examination were normal. It was reported
that the patient had a decreased appetite recently. The
patient underwent a blood sampling after a twelve-
hour fasting period, during which fasting bile acids and
ammonia levels were measured. Subsequently, the patient
was fed, and two hours later, another blood sample
was taken to analyze postprandial bile acid levels. At
presentation, the patient’s hemogram values were within
normal limits (Table I), while biochemical parameters
showed significant changes. Elevated levels of ammonia,
fasting and postprandial bile acids, ALT, and ALP were
noted. In contrast, a decrease in BUN levels was observed
(Table 2). The patient reported not using any medications.

Computed Tomography (CT) Examination

CT, Siemens SOMATOM go. Now CT scanner with
32 detectors was used. The patient was given Propofol
(Propofol-PF®) at 5 mg/kg for induction and Isoflurane
(2%) in oxygen (Isoflurane USP?) for maintenance of
anesthesia through the cuffed endotracheal tube. The
patient was imaged in the supine position. To determine
the scanning area, the topogram image was first taken, and
then Opaxol™ contrast agent at a dose of 640 mg/kg was
administered in the cephalic vein with a 20 gauge catheter
at a speed of 3 mL/s using high-pressure syringe pump.
The aortic lumen was manually marked, the predicted
threshold contrast enhancement level (100 HU) was set
and scanning was initiated. Repeated images taken from
a single section in which the aortic lumen was marked
were obtained using ‘bolus tracking’ technique. When
the prescribed threshold contrast enhancement level was
reached, the scanning device was automatically activated.
Sections from the caudal thorax to the pelvis were
taken and arterial phase images (0.70 mm collimation,
1 mm section thickness, 1.5 mm table speed per gantry
rotation) were obtained. The case was also imaged in
portal phase (30 sec after contrast) at the same collimation
and section thickness. Then, dorsal, sagittal, maximum
intensity projection (MIP), Multiplanar Reformat (MPR)
and volume rendering images were created from the
transversal images.

Duplicated caudal vena cava was detected incidentally
during CT angiography scan. The portal vein diameter
was measured as 1.8 mm and was relatively thin in
calibration. It was determined that the cranial mesenteric
vein was combined with the splenic vein and formed the
portal vein. However, in cranial mesenteric vein, there was
a varicose dilatation of 16 mm in length and 3.9 mm in
width, located in the central abdomen, at the right lateral
of the midline, approximately at the level of the caudal pole
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Fig 1. Duplication of the caudal vena cava and demonstration of a portosystemic shunt, A, B: Abdominal
contrast-enhanced computed tomography image, ventro-dorsal section projection was used, B: Caudal
mesenteric vein, in communication with the left segment of CVC (left subracardinal vein). CVC, vena
cava. L, left. L seg CVC, left segment of the vena cava. R seg CVC, right segment of the vena cava. (star)
Shows the direct communication between the caudal mesenteric vein and the CVC in CT image in portal
phase, C: Image of dorsoventral 3D reconstruction showing the shunt vessel between the left segment of
the CVC and the mesenteric vein

of the right kidney. A joint appearance with a diameter of
1.5 mm between the described vein and the left branch of
the dCVC was found to be compatible with shunt. It was
determined that the dCVC merged approximately at the
level of the left renal vein and entered the hepatic hilus as
a single caudal vena cava (Fig. 1).

Di1SCUSSION

Caudal Vena Cava duplication is among several congenital
anomalies that may have potential clinical implications.
However, this condition is usually asymptomatic and
often discovered incidentally during the routine imaging
techniques.

The development of the inferior/caudal vena cava in
humans and domestic animals has not yet been fully
elucidated, and various developmental theories have been
suggested. Our case exhibited a rare instance of complete
duplication among the variations of the caudal vena
cava. In complete duplication, CVC takes a double form
by dividing into two branches in the renal and pre-renal
parts. Renal veins arise separately from both branches !\,

The presence of CVC variations significantly elevates the
likelihood of concurrent development of ureter anomalies
and portosystemic shunts >*°. In our patient, the cranial
mesenteric vein was connected to the left branch of the
dCVC through a shunt (cranial mesenteric-caval shunt).
White et al.'¥! found a shunt between the cranial mesenteric
vein and CVC in three cats included, two of which having
duplicated CVC. Especially in cats, the presence of

dCVC may increase the likelihood of observing a cranial
mesenteric-caval shunt.

Clinical symptoms that may result from this anomaly
include deep vein thrombosis and pulmonary embolism
in the lower extremities in humans ). In particular, Vena
Cava anomalies have become a recognized risk factor
for deep vein thrombosis of the lower extremities in
young people . One study found potential Vena Cava
abnormalities in spontaneous, unprovoked deep vein
thrombosis in 5% of young patients. In humans, the
rate of Inferior Vena Cava (IVC) thrombosis in patients
with Congenital Inferior Vena Cava (CIVC) anomaly is
60% to 80% . IVC duplication may create a tendency
to venous stasis and therefore venous thromboembolism
due to insufficient blood circulation ®'°l. Myocardial heart
diseases are common in cats. Thromboembolism is very
common especially in these animals ') dCVC may be an
additional factor to increase the risk of thromboembolism
in these patients, as in humans.

dCVC is usually detected during surgery, necropsy or CT
angiography 2. This is thought to be due to the newly
developing imaging methods in veterinary medicine.
We predict that as the number of CT scans increases, the
number of dCVC diagnosis will increase. The symptoms
in our case were compatible with portosystemic shunt,
however the effects of dCVC on the patient’s clinical
condition could not be evaluated.

In conclusion, it is important to evaluate patients for
dCVC, especially those diagnosed with development of
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ureter anomalies, congenital portosystemic shunts and
thromboembolism. This case report provides significant
insights into the diagnosis of dCVC. It offers valuable
understanding in defining and comprehending this rare
condition, thereby enriching the existing information in
the literature. However, the scarcity of similar cases in the
current literature limits the broader contextual evaluation
of our findings.

Availability of Data and Materials

The data that support the findings of this case report are available
from the corresponding author (Y. Kocak) upon reasonable request.
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processes such as printing, archiving, and mailing, in line with requests from the editor.

The publisher undertakes to carry out an independent and fair decision-making mechanism for its editors and assistants in the article
evaluation process and decisions.

The publisher undertakes to carry out an independent and fair decision-making mechanism for its editors and associate editors in the
article evaluation process and decisions.

Editor-in-chief/editors/associate editors of Kafkas Universitesi Veteriner Fakultesi Dergisi evaluate the articles submitted to the journal
regardless of their race, gender, religious belief, ethnicity, citizenship or political views. In addition, it undertakes not to give any information
about the article except for the authors, subject editors and referees.

Kafkas Universitesi Veteriner Fakultesi Dergisi follows internationally accepted principles and criteria and takes the necessary decisions
to apply in the journal.

Editor-in-chief/editors/associate editors conduct the evaluation and decision process in the journal in coordination within the principles of
confidentiality and have independent decision-making authority and responsibility without being affected by any internal or external factors.

Editor-in-chief/editors/associate editors make and implement all kinds of planning for the development of the journal and its international
recognition. They also follow national and international meetings or events on the development of journals and article evaluation, and
ensures that the journal is represented on these platforms.

The editor-in-chief/editors/associate editors make every effort to ensure that the journal’s subject editors and referee pool have international
qualifications. Likewise, it makes the necessary attempts to strengthen the author’s profile.

Editor-in-chief/editors/associate editors make plans to improve the quality of the articles published in the journal and carry out the
necessary process.

Editor-in-chief/editors/associate editors regularly conduct and control the initial evaluation, preliminary evaluation, peer review and
acceptance-rejection decisions of articles submitted to the journal. While carrying out these procedures, features such as the suitability
of the study for the aims and scope of the journal, its originality, the up-to-date and reliability of the scientific methods used, and the
potential it will contribute to the development of the journal as well as its benefit to science/practice are taken into consideration.

Editor-in-chief/editors/associate editors systematically review, inspect and make decisions about the articles submitted to the journal in
terms of features such as author rights, conflict of interest, observance and protection of animal rights, and compliance with research and
publication ethics.

The editor-in-chief conducts the evaluation/revision process between the authors and subject editors and referees, and ensures that it is
completed within the prescribed time.

ARCHIVE POLICY

The editorial office of the Kafkas Universitesi Veteriner Fakiiltesi Dergisi and the publisher (Dean’s Office of the Faculty of Veterinary Medicine,
Kafkas University) keep all the articles (electronic and printed) published in the journal in their archives. All articles and their attachment files
sent to the journal are kept securely in the archive. In light of the technological developments, the editorial office of the Kafkas Universitesi
Veteriner Fakiiltesi Dergisi regularly performs electronic processes for the development and updating of materials in digital environment and
presents them to its readers on condition of keeping in safe the original documents and information regarding the articles.
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Even if the journal ceases to be published for any reason, the publisher (Dean’s Office of the Faculty of Veterinary Medicine, Kafkas
University) will continue to protect the journal content in the long term and provide convenient access to users. Electronic services of
Kafkas University Information Technologies Department will be used for the journal to maintain this responsibility.

RESPONSIBILITIES OF SUBJECT EDITORS

Subject editors do reviews and evaluations in accordance with the main publication goals and policies of the journal and in line with the
criteria that will contribute to the development of the journal.

Author information is kept confidential in articles sent to the subject editor for preliminary evaluation by the editor.

Subject editors thoroughly examine the sections of the introduction, materials and methods, results, discussion and conclusion, in terms
of journal publication policies, scope, originality and research ethics. Subject editor submits its decision (rejection, revision or peer-
review) after evaluation to the chief editor in a reasoned report.

Subject editor may request additional information and documents related to the study from the authors, when necessary.
In multidisciplinary studies, the article can be submitted for the evaluation of multiple subject editors.

RESPONSIBILITIES OF REFEREES

Double-blinded peer-review procedure is applied in Kafkas Universitesi Veteriner Fakultesi Dergisi in order to evaluate the articles
submitted to the journal in accordance with the principle of impartiality and in objective criteria; that is, referees and writers do not know
about each other.

The referees submit their opinions and reports to the editor-in-chief to ensure the control and suitability of a submitted article, its scientific
content, scientific consistency and compliance with the principles of the journal. When a referee makes a decision “reject” about an article,
he/she prepares the reasons for the decision in accordance with the scientific norms and presents it to the editor.

The referee(s) also gives the authors the opportunity to improve the content of the article. Accordingly, the revisions requested from the
authors should be of a quality that explains/questions specific issues rather than general statements.

Referees appointed for the evaluation of the articles agree that the articles are confidential documents and will not share any information
about these documents with third parties, except for the editors participating in the evaluation.

Referees should place their criticism on scientific infrastructure and write their explanations based on scientific evidence. All comments
made by the referees to improve the articles should be clear and direct, and should be written away from disturbing the feelings of the
author. Insulting and derogatory statements should be avoided.

If a referee has an interest relationship with the author(s) on one or more issues, he/she must report the situation to the editor and ask his/
her to withdraw from the referee position. The same is also applicable when the authors illegally obtain information about the referees of
the article and try to influence them.

The editor-in-chief can share the comments and reports from the referees with the editors/associate editors and the relevant subject editor,
as necessary, to ensure that the decision on the article is optimal. If necessary, the editor may share the critical decision and its grounds
that a referee has sent about the article with the other referee(s) and present them to their attention.

Referee(s) may request revision many times for the article they evaluated.

The content of the referee reports is checked and evaluated by editor-in-chief/editors/associate editors. The final decision belongs to the
editorial.

RESPONSIBILITIES OF AUTHOR(S)

It is not tolerable for the author (s) to send an article, which has been already sent to another journal, to Kafkas Universitesi Veteriner
Fakultesi Dergisi within the scope of “which accepts” or “which publishes first” approach. If this is detected, the article is rejected at any
stage of the evaluation. As a possible result of these actions, in the process following the previous acceptance of the article sent to another
journal, the withdrawal request with this excuse that the authors submit for this article, the evaluation process of which is going on in our
journal, is evaluated by the editors and associate editors of the journal and disciplinary action on the grounds of ethical violations about
those responsible is started. This unethical action is also informed to the journal editor (if known) who accepted the article.

It is essential that the articles to be sent to Kafkas Universitesi Veteriner Fakultesi Dergisi include studies that have up-to-date, original and
important clinical/practical results and prepared in accordance with the journal’s writing rules.

Authors should choose the references they use during the writing of the article in accordance with the ethical principles and cite them
according to the rules.

The authors are obliged to revise the article in line with the issues conveyed to them during the initial evaluation, preliminary evaluation
and peer-review phases of the article and to explain the changes they made/did not make sequentially in the “response to editor” and
“response to reviewer comments” sections.

If information, documents or data regarding to the study are requested during the evaluation process, the corresponding author is obliged
to submit them to the editorial.

Authors should know and take into account the issues listed in the “General Ethical Principles” section regarding scientific research and
authors.

The authors do not have the right to simultaneously submit multiple articles to Kafkas Universitesi Veteriner Fakultesi Dergisi. It is more
appropriate to submit them with acceptable time intervals for the journal’s policy.
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INSTRUCTION FOR AUTHORS

1- Kafkas Universitesi Veteriner Fakultesi Dergisi (abbreviated title: Kafkas Univ Vet Fak Derg), published bi-
monthly (ISSN: 1300-6045 and e-ISSN: 1309-2251). We follow a double-blind peer-review process, and therefore
the authors should remove their name and any acknowledgment from the manuscript before submission. Author
names, affiliations, present/permanent address etc. should be given on the title page only.

The journal publishes full-length research papers, short communications, preliminary scientific reports, case
reports, observations, letters to the editor, and reviews. The scope of the journal includes all aspects of veterinary
medicine and animal science.

Katkas Universitesi Veteriner Fakultesi Dergisi is an Open Access journal, which means that all content
is freely available without charge to the user or his/her institution. Users are allowed to read, download, copy,
distribute, print, search, or link to the full texts of the articles, or use them for any other lawful purpose, without
asking prior permission from the publisher or the author. This is in accordance with the BOAI definition of Open
Access.

The official language of our journal is English. Additionally, all the manuscripts must also have Turkish title,
keywords, and abstract (translation will be provided by our journal office for foreign authors).

2- The manuscripts submitted for publication should be prepared in the format of Times New Roman style, font
size 12, A4 paper size, 1.5 line spacing, and 2.5 cm margins of all edges. The legend or caption of all illustrations
such as figure and table and their appropriate position should be indicated in the text. Refer to tables and figures
in the main text by their numbers. Also figure legends explanations should be given at the end of the text.

The figures should be at least 300 dpi resolution.

The manuscript and supplementary files (figure etc.) should be submitted by using online manuscript submission
system at the address of http://vetdergi.kafkas.edu.tr/

During the submission process, the authors should upload the figures of the manuscript to the online manuscript
submission system. If the manuscript is accepted for publication, the Copyright Agreement Form signed by all
the authors should be sent to the editorial office.

3- The authors should indicate the name of the institute approves the necessary ethical commission report and
the serial number of the approval in the material and methods section. If necessary, the editorial board may also
request the official document of the ethical commission report. In case reports, a sentence stating that “informed
consent” was received from the owner should be added to the main document. If an ethical problem is detected
(not reporting project information, lack of ethical committee information, conflict of interest, etc.), the editorial
board may reject the manuscript at any stage of the evaluation process.

4- Authors should know and take into account the issues listed in the “Ethical Principles and Publication
Policy” section regarding scientific research and authors.

5- Types of Manuscripts

Original (full-length) manuscripts are original and proper scientific papers based on sufficient scientific
investigations, observations and experiments.

Manuscripts consist of the title, abstract and keywords, introduction, material and methods, results, discussion,
and references and it should not exceed 12 pages including text. The number of references should not exceed 50.
The page limit does not include tables and illustrations. Abstract should contain 200+20 words.

Short communication manuscripts contain recent information and findings in the related topics; however, they
are written with insufficient length to be a full-length original article. They should be prepared in the format
of full-length original article but the abstract should not exceed 100 words, the reference numbers should not
exceed 15 and the length of the text should be no longer than 6 pages in total. The page limit does not include
tables and illustrations. Additionally, they should not contain more than 4 figures or tables.

Preliminary scientific reports are a short description of partially completed original research findings at an
interpretable level. These should be prepared in the format of full-length original articles. The length of the text
should be no longer than 4 pages in total.
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Case reports describe rare significant findings encountered in the application, clinic, and laboratory of related
fields. The title and abstract of these articles should be written in the format of full-length original articles (but
the abstract should not exceed 100 words) and the remaining sections should be followed by the Introduction,
Case History, Discussion and References. The reference numbers should not exceed 15 and the length of the text
should be no longer than 4 pages in total. The page limit does not include tables and illustrations.

Letters to the editor are short and picture-documented presentations of subjects with scientific or practical
benefits or interesting cases. The length of the text should be no longer than 3 pages in total. The page limit
includes tables and illustrations.

Reviews are original manuscripts that gather the literature on the current and significant subject along with the
commentary and findings of the author on a particular subject (It is essential that the author/s have international
scientific publications on this subject). The title and summary of this manuscript should be prepared as described
for the full-length original articles and the remaining sections should be followed by introduction, text (with
appropriate titles), conclusion, and references.

“Invited review” articles requested from authors who have experience and recognition in international publishing
in a particular field are primarily published in our journal.

Review articles submitted to our journal must be prepared in accordance with any of the three categories listed
below.

Narrative reviews describe current published information on a scientific topic. However, it does not include a
specific methodological process.

Systematic reviews include the search for original studies published in that field on a specific topic, the evaluation
of validity, synthesis and interpretation within a systematic methodology.

Meta-analysis is a method of evaluating the results of many studies on a subject with the methods defined in this
category and statistical analysis of the obtained findings.

6- The necessary descriptive information (thesis, projects, financial supports, etc.) scripted as an italic font style
should be explained below the manuscript title after placing a superscript mark at the end of the title.

7- At least 30% of the references of any submitted manuscript (for all article categories) should include references
published in the last five years.

References should be listed with numerical order as they appear in the text and the reference number should be
indicated inside the parentheses at the cited text place. References should have the order of surnames and initial
letters of the authors, title of the article, title of the journal (original abbreviated title), volume and issue numbers,
page numbers and the year of publication and the text formatting should be performed as shown in the example
below.

Example: Yang L, Liu B, Yan X, Zhang L, Gao FE, Liu Z: Expression of ISG15 in bone marrow during early
pregnancy in ewes. Kafkas Univ Vet Fak Derg, 23 (5): 767-772,2017. DOI: 10.9775/kvtd.2017.17726

If the reference is a book, it should follow surnames and initial letters of the authors, title of the book, edition
number, page numbers, name and location of publisher and year of publication. If a chapter in a book with an
editor and several authors is used, names of chapter authors, name of chapter, editors, name of the book, edition
number, page numbers, name and location of publisher and year of publication and the formatting should be
performed as shown in the example below.

Example: Mcllwraith CW: Disease of joints, tendons, ligaments, and related structures. In, Stashak TS (Ed):
Adam’s Lameness in Horses. 4™ ed., 339-447, Lea and Febiger, Philadelphia, 1988.

DOI number should be added to the end of the reference.

In the references can be reached online only, the web address and connection date should be added at the end

of the reference information. The generally accepted scientific writing instructions must comply with the other
references. Abbreviations, such as “et al” and “and friends” should not be used in the list of the references.

Follow the link below for EndNote Style of Kafkas Universitesi Veteriner Fakultesi Dergisi;
https://researchsoftware.com/downloads/journal-faculty-veterinary-medicine-kafkas-university

8- Latin expression such as species names of bacteria, virus, parasite, and fungus and anatomical terms should be
written in italic character, keeping their original forms.
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9- The editorial board has the right to perform necessary modifications and a reduction in the manuscript
submitted for publication and to express recommendations to the authors. The manuscripts sent to authors for
correction should be returned to the editorial office within a month. After pre-evaluation and agreement of the
submitted manuscripts by the editorial board, the article can only be published after the approval of the field
editor and referee/s specialized in the particular field.

10- All responsibilities from published articles merely belong to the authors. According to the ethical policy
of our journal, plagiarism/self-plagiarism will not be tolerated. All manuscripts received are checking by
plagiarism checker software, which compares the content of the manuscript with a broad database of academic
publications.

11- There is no copyright fee for the authors.

12- The authors are charged a fee on acceptance of the manuscript to cover printing costs and other expenses.
This payment information can be found at http://vetdergi.kafkas.edu.tr/

SUBMISSION CHECKLIST
Please use below list to carry out a final check of your submission before you send it to the journal for review.
Ensure that the following items are present in your submission:
- Cover letter

« Importance and acceptability of the submitted work for the journal have been discussed (Please avoid repeat-
ing information that is already present in the abstract and introduction).

o Other information has been added that should be known by the editorial board (e.g.; the manuscript or any
part of it has not been published previously or is not under consideration for publication elsewhere.

- Title page

« Title, running title (should be a brief version of the title of your paper, no exceed 50 characters)
o The author’s name, institutional affiliation, Open Researcher and Contributor ID (ORCID)
« Congress-symposium, project, thesis etc. information of the manuscript (if any)
« Corresponding author’s address, phone, fax, and e-mail information

- Manuscript

« Title, abstract, keywords and main text

« All figures (include relevant captions)

« All tables (including titles, description, footnotes)

« Ensure all figure and table citations in the text match the files provided

« Indicate clearly if color should be used for any figures in print

- Availability of Data and Materials

- Acknowledgements

- Funding Support

- Competing Interests

- Authors’ Contributions

Further considerations

« Journal policies detailed in this guide have been reviewed

o The manuscript has been “spell checked” and “grammar checked”

« Relevant declarations of interest have been made

« Statement of Author Contributions added to the text

o Acknowledgment and conflicts of interest statement provided
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