


Editor-in-Chief   Prof. Dr. Erdal MATUR 

Istanbul University, Faculty of Veterinary Medicine, 
Department of Physiology, Turkey 

Editor Prof. Dr. Mukaddes ÖZCAN 

Istanbul University, Faculty of Veterinary Medicine, 
Department of Physiology, Turkey 

Editor Prof. Dr. Alper YILMAZ 

Istanbul University, Faculty of Veterinary  Medicine, 
Department of Animal Breeding & Husbandry, Turkey 

Statistical Editor  Assoc. Prof. Dr. Bilge ACAR BOLAT 

Istanbul University, School of Business Administration, 

Department of Quantitative Methods. Turkey 

Language Editor  Pelin Burcu Daştan 

Journal of Istanbul Veterınary Scıences 

 
  

This work is licensed under the Creative Commons Attribution 4.0 International License. 

E-ISSN: 2602-3490

Editorial Board 

Ahmet Gülçubuk  Istanbul University, Turkey 

Ali Belge  Adnan Menderes University, Turkey 

Ayşen Gargılı  Marmara University, Turkey 

Brain Nielsen  Michigan State University, USA 

Ebru Yalçın  Uludağ University, Turkey 

  

Kutlay Gürbulak    Erciyes University, Turkey 

Laman Mamedova       Kansas State University, USA 

Maria Tsantarliotou   Aristotle University, Greece 

Mehmet Ali Bal    Kahramanmaraş Sütçü İmam University, Turkey 

Murat Yıldırım    Istanbul University, Turkey 

Oytun Okan Şenel          Ankara University, Turkey 

Ömer Akıneden          Justus-Liebig Univ. Gießen, Germany 

Rıfat Mutuş   Gelişim University, Turkey 

Serhat Pabuçcuoğlu    Istanbul University, Turkey 

Şahin Arslan   Kafkas University, Turkey 

Urs Giger  Pennsylvania University, USA 

Ümit Cirit  Dicle University, Turkey 

Yücel Meral  Ondokuz Mayıs University, Turkey 

Zdenek Knotek    University of Veterinary and Pharmaceutical  
 Sciences Brno, Czech Republic 

Indexes and Platforms 

Turkey citation index, Google scholar, 

ResearchBib, Bielefeld Academic Search 

Engine, Cosmos IF, İnternational Institute 

of organized research(I2OR), Scientific 

İndexing service, CrossRef, Eurasian 

Scientific Journal Index, Open AIRE, 

General Impact factor,  Directory of 

Research Journals Indexing (DRJI), ASOS 

index. 

  

  http://dergipark.gov.tr/http-www-jivs-net

Volume  7; Issue 2,  August,  2023

http://creativecommons.org/licenses/by/4.0/


  

 

Contents 

Journal of Istanbul Veterınary Scıences 

Journal homepage: www.jivs.net 
 http://dergipark.gov.tr/http-www-jivs-net 

This work is licensed under the Creative Commons Attribution 4.0 International License.  

 Pages 

Tuğba Küntüz, Yiğit Güneş, Ataman Bilge Sarı, Oya Üstüner 
Navigating the resistance: Current perspectives on ectoparasite control in veterinary medicine 56 - 67 

Gökçen Güvenç Bayram, Zeynep Semen 
Understanding canine aggression: Neurobiological insights for a complex behavior 68 - 79 

Caner Övet 
Colostrum induced passive immune transfer in lambs 80 - 88  

Hüsamettin Avcı ,  Eniko Kiraly-Avcı, Mustafa Sencer Karagül, Kemal Metiner  
Morphological characteristics of Şebap pigeons (Columba Livia Domestica) 89 - 98 

Şevket Evci, Erva Eser 
Can diet impress horse behaviour? 99 - 105  

http://creativecommons.org/licenses/by/4.0/


   

 

Review Article 

Volume: 7, Issue: 2  
August 2023 
Pages: 56-67 

Navigating the resistance: Current perspectives on ectoparasite control in 
veterinary medicine 

Journal of Istanbul Veterınary Scıences 

Tuğba Küntüz1, Yiğit Güneş1, Ataman Bilge Sarı1, Oya Üstüner1 

1.Istanbul University-Cerrahpasa, Faculty of Veterinary Medicine, Department of Pharmacology and 
Toxicology Istanbul, Turkey. 

Küntüz T. ORCID: 0000-0003-1103-5260; Güneş Y. ORCID: 0000-0002-9403-3545; Sarı A. B. ORCID: 0000-0002

-7997-8153;  Üstüner, O. ORCID: 0000-0002-4354-8207 

 

ABSTRACT 

Ectoparasites present a global challenge to animal health, affecting a wide range of species. These 
parasites can infect both animals and humans, leading to significant health issues. The impact of 
ectoparasites extends beyond health, as they can also reduce the productivity of livestock. 
Moreover, many ectoparasite species act as vectors for bacterial, viral, or parasitic pathogens, 
thereby posing significant risks to human and animal health. Historically, agents such as 
organochlorides, organophosphates, carbamates, insect growth regulators, neonicotinoids, 
spinosad, fipronil, avermectins, isoxazolines, and synthetic pyrethroids have been extensively 
used to treat and prevent ectoparasitic infestations. However, the extensive use of these 
chemicals has resulted in the development of resistance among many target species, potentially 
reducing the effectiveness of these treatments. This article aims to survey the current status of 
resistance in ectoparasites to active pharmaceutical ingredients used in veterinary medicine. It 
also seeks to update the understanding of resistance mechanisms and explore measures that can 
be implemented to prevent the development of resistance. 
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The issue of ectoparasitic drug resistance has been 
progressively increasing and has become a problem over the 
last three decades (McNair, 2015). Ectoparasitic drug 
resistance is characterized as “the capacity of a parasite 
strain to survive and/or proliferate despite the 
administration and absorption of a drug at doses equal to or 
higher than those typically recommended but within the 
subject's tolerance” (WHO, 2001). Ectoparasitic drug 
resistance refers to the selection of specific heritable traits 
within a population of ectoparasites in response to exposure 
to an active pharmaceutical ingredient. Ectoparasites 
develop resistance to drugs by different mechanisms, 

including receptor modifications that prevent the binding of 
drugs to their targets or metabolic changes that lead to 
enzymatic degradation and rapid elimination of the drug.  As 
a result of resistance, the recommended standard dosage of 
the active pharmaceutical ingredient may lead to a 
significant increase in the proportion of the population that 
does not respond to the active pharmaceutical ingredient 
used (Coles and Dryden, 2014). Resistance to one 
ectoparasiticide may develop towards another 
ectoparasiticide, either via side or cross-resistance. Side 
resistance describes a reduced susceptibility to multiple 
ectoparasiticides within the same chemical class, whereas 
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cross-resistance refers to a decreased susceptibility to 
multiple ectoparasites from distinct chemical groups with a 
similar mode of action (Abbas et al., 2014).   
  The development of resistance reduces drug efficacy 
and leads to increase in parasite populations, which 
increases treatment costs in companion and livestock 
animals and also economic losses due to decreased 
productivity in food animals. The aim of this article is to 
describe the current status of ectoparasite resistance and 
perspectives on ectoparasite control. The scope of this 
article is to provide information on the status of 
ectoparasiticide resistance in ticks, mites, lice, and fleas, 
possible resistance mechanisms, methods of detection, 
strategies to delay the resistance, and monitoring programs. 
Mites, arthropods, mosquitoes that are non-habitable on 
animals, and endoparasites are beyond the scope of this 
article.  
Current status of ectoparasite resistance 

Ticks  
The majority of reports on tick resistance mainly focus on 
Rhipicephalus (formerly Boophilus) microplus which is a 
single-host tick that prefers cattle and buffalo. The fact that 
this tick completes its complete life cycle on a single species 
of animal, makes it more susceptible to post-treatment 
resistance selection compared to ticks that feed on multiple 
hosts.  At present Rhipicephalus microplus is not endemic to 
Europe, but it is prevalent in subtropical and tropical regions 
worldwide. Notably, this species has been eradicated in the 
United States. Various studies have examined the global 
resistance status of this tick (FAO, 2004; Abbas et al., 2014). 
Research carried out in Brazil has revealed the resistance of 
R. microplus to all existing classes of systemic-acting and 
contact acaricides, organophosphates, and combinations of 
pyrethroids (Valsoni et al., 2020).  In addition, R. microplus, 
collected from the Indian states of Madhya Pradesh, Punjab, 
and Uttar Pradesh, was found to be resistant to both 
deltamethrin and cypermethrin (Sagar et al., 2019). Reports 
of resistance to avermectins in this tick species have 
emerged from Brazil (Martins and Furlong, 2001; Klafke et 
al., 2006; Cruz et al., 2015) and Mexico (Perez-Cogollo et al., 
2010). Ivermectin resistance was first reported in ten brown 
dog tick (Rhipicephalus sanguineus) populations in Mexico 
(Rodriguez-Vivas et al., 2017). An in vitro study of dogs, 
conducted in Spain, reported a high prevalence of resistance 
to deltamethrin and a variable susceptibility to propoxur in 
R. sanguineus ticks. Notwithstanding, all tested R. 
sanguineus have been shown to remain sensitive to amitraz 
(Estrada-Pena, 2005).  Permethrin resistance was 
investigated in the United States. All thirty-one of R. 
sanguineus were identified as resistant to permethrin, and 
nine of these were highly resistant to permethrin (Eiden et 
al., 2015). Ticks were collected from Porto Alegre, Brazil, to 
research acaricide resistance in R. sanguineus s.s. 
populations, seven samples with resistance ratios (RR) 
ranging from 2.32 to 5.67 were considered to be resistant to 
deltamethrin. Three of the five analyzed tick populations 
were resistant to fipronil, with resistance rates ranging from 
2.56 to 13.83, whereas ivermectin resistance rates ranged 

from 1.54 to 2.14. This is the first study to document the 
presence of acaricide-resistant R. sanguineus s.s. 
populations in Brazil (Becker et al., 2019).     

Mites 
  Dermanyssus gallinae: In poultry farming worldwide, 
especially in layers, Dermanyssus (D.) gallinae reduces 
productivity by sucking the blood of animals and poses a 
threat to public health as vector. The poultry mite 
Dermanyssus gallinae was found to be resistant to synthetic 
carbamates and pyrethroids for the first report in Italy 
(Genchi et al., 1984). In a study conducted in former 
Czechoslovakia, the resistance of D. gallinae to trichlorfon, 
tetramethrin, and permethrin was observed on several 
farms. Meanwhile, resistance to DDT is common even 
though the use has been banned (Zeman, 1987). It has been 
demonstrated that D. gallinae is resistant to synthetic 
pyrethroids in France (Beugnet et al., 1997), Sweden 
(Nordenfors et al., 2001), Italy (Marangi et al., 2009; 
Schiavone et al., 2023), China (Wang et al., 2021), and 
Türkiye (Koç et al., 2022). The presence of permethrin, 
cypermethrin, bendiocarb, and malathion resistance in field-
isolated D. gallinae was demonstrated through comparisons 
with lab-grown sensitive mites in the United Kingdom 
(Fiddes et al., 2005). D. gallinae mites demonstrated 
resistance to all acaricides and insecticides examined in 
Japan, it showed resistance against carbaryl, trichlorfon, and 
a combination of fenitrothion, permethrin, and 
phthalathrin, but weak growth was observed than other 
acaricides and insecticides. 19 (13.7 %) of 139 poultry farms 
from 2007 to 2010 and 22 (18.5%) of 119 poultry farms from 
2011 to 2013, the emergence of resistance to all commercial 
ectoparasiticides targeting the control of D. gallinae mites 
has been confirmed in Japan (Murano et al., 2015). It was 
reported exceptionally elevated levels of pyrethroid 
resistance in Greece, in addition to the identification and 
geographic distribution of pyrethroid resistance mutations 
in poultry red mite populations in Europe (Kastavou et al., 
2019). Similarly, the mechanism of acaricide resistance of D. 
gallinae populations in Türkiye was investigated. Results 
obtained from this study show that a high level of resistance 
has been demonstrated for alpha-cypermethrin and phoxim 
(Koç et al., 2022).   
  Varroa destructor: One of the most destructive 
honeybee disease is varroosis, caused by the ectoparasitic 
mite Varroa destructor. Four populations of Varroa 
destructor were examined for their susceptibility to the 
organophosphorus acaricide coumaphos in Italy. This is the 
first study to report V. destructor's resistance to the 
coumaphos (Spreafico et al., 2001). In a six-hour exposure 
study conducted in the United States to determine 
coumaphos resistance in V. destructor, it was determined 
that resistance existed based on the results (Elzen and 
Westervelt, 2002). A study involving amitraz revealed 
significant LC50 differences between susceptible and 
resistant mites in Argentina. The LC50 was found to be 35-39 
times greater than its initial value. These results indicate 
that the mites in Argentina have resistant to amitraz (Maggi 
et al., 2010). V. destructor mites from colonies in the Czech 
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Republic were recently tested in vitro for resistance to 
formamidine amitraz and, the synthetic pyrethroids 
acrinatrin and tau-fluvalinate (Kamler et al., 2016). In 
addition, an update was provided on the actual spread of 
target site resistance to tau-fluvalinate in V. destructor 
samples collected from the Lombardy region in Italy (Panini 
et al., 2019). Resistance to coumaphos, amitraz, and tau-
fluvalinate was investigated in Spain. In the analyzed 
samples, coumaphos mortality ranged from 2% to 89%, 
while tau-fluvalinate mortality ranged from 5% to 96%. In 
contrast, amitraz caused 100 percent mortality in every 
case. These outcomes indicate the presence of fluvalinate- 
and coumaphos-resistant Varroa mites in the majority of 
sampled apiaries, regardless of the reality that these active 
constituents have not been used over the span of years 
(Higes et al., 2020). 
  Psoroptes ovis: Flumethrin-resistant Psoroptes spp. 
populations have already shown side resistance to high cis-
cypermethrin (Bates, 1998). Furthermore, moxidectin, 
ivermectin, and doramectin resistances were observed in 
Psoroptes mites in the United Kingdom (Doherty et al., 
2018; Sturgess-Osborne et al., 2019). The presence of 
macrocyclic lactone resistance was detected in Belgian Blue 
cattle on sixteen cattle farms in Belgium and the 
Netherlands (van Mol et al., 2020). It was determined in 
vitro whether ivermectin and two other macrocyclic 
lactones (doramectin and moxidectin) were effective against 
P. ovis in sheep in Argentina. In light of this study, the 
presence of resistance to these active substances was 
determined (Soler et al., 2022).  
  Sarcoptes scabiei: Two dogs treated with 300 μg⁄kg bw 
ivermectin with case reports indicated that S. scabiei was 
clinically resistant to treatment in these dogs (Terada et al., 
2010). Moreover, increased transcription of mu-1, delta-1, 
and delta-3 Glutathione S-transferase molecules, indicating 
permethrin resistance, was observed (Mounsey et al., 2010).  

Lice 
A study conducted in South Australia investigated 
cypermethrin resistance in sheep lice from 71 flocks infested 
with lice between 1990 and 1991, 16 flocks with suspected 
ectoparasitic resistance, and 31 flocks from Kangaroo Island. 
The frequency of resistance was determined to be 34% in 
lice collected from flocks with lice infestations, 50% in lice 
collected from flocks with suspected resistance, and 68% in 
lice collected from flocks on Kangaroo Island (James et al., 
1993). A retrospective study in Australia examined the 
treatment history and response to cypermethrin of a strain 
resistant to pyrethroids of sheep lice over an 18-year period. 
In the study, the resistance of lice strains resistant to 
cypermethrin decreased when cypermethrin was not used 
but highly increased when pyrethroid was used again (Levot 
2012). 
  Due to reports of decreased efficacy against triflumuron 
and diflubenzuron, the Insect Growth Regulator group of 
Bovicola (B) ovis ectoparasites, a resistance study was 
conducted in Australia. In order to evaluate sensitivity to 
active pharmaceutical ingredients, a laboratory test based 
on the moulting inhibition test was devised and used in the 

study. The lice used in the experiment were collected from 
sheep treated ineffectively with triflumuron and 
diflubenzuron. This resulted in the confirmation of the 
emergence of resistance in lice (James et al., 2008).  
  Simultaneously, a study utilizing the louse hatch test 
was conducted based on the inability of treated with 
diflubenzuron B. ovis to produce nymphs. The test is able to 
detect populations resistant to benzoylphenyl urea. The 
results of the test demonstrated the development of 
resistance. (Levot and Sales, 2008). In Scotland, it was 
suspected that sheep colonies were infested with B. ovis 
resistant to synthetic pyrethroids. Laboratory data and 
dependable field data have been shown to be effective 
methods for testing for potential deltamethrin resistance 
(Bates, 2001). In 16 (94%) of the 17 colonies examined 
during a pilot study in Ireland, lice were found. Lice species 
Bovicola ovis and Linognathus vituli were identified. Four 
farms' B. ovis samples exhibited tolerance to deltamethrin, 
as determined by in vitro contact biological tests. In 
addition, repeated evaluations of lice infestations in farm-
treated animals confirmed this (Mckiernan et al., 2021). In 
Ethiopia, it has also been shown that B. ovis is resistant to 
1% ivermectin (Legesse et al., 2020). 

Fleas 
Ctenocephalides (C.) felis and C. canis 
Ctenocephalides (C.) felis, known as the cat flea exhibits 
resistance to various insecticides, including 
organophosphates, carbamates, pyrethroids, 
organochlorine, and pyrethrins. In general, resistance ratio, 
which is the LC50 of field isolates divided by the LC50 of a 
susceptible strain and indicates the level of insecticide 
resistance, is less than 20, and cross-resistance between 
carbaryl and organophosphate insecticides has been 
observed (Coles and Dryden, 2014). Due to the distinct 
mechanisms of action of the substances, one strain resistant 
to fipronil, the phenylpyrazole insecticide, was susceptible 
to nitenpyram, a neonicotinoid (Schenker et al., 2001). 
Bioassays for fipronil and imidacloprid were conducted on 
both adult and larval C. felis in a study. Adult and larval 
bioassays for fipronil and imidacloprid yielded comparable 
results. Both laboratory strains and field isolates have been 
found susceptible to fipronil treatment. However, the 
majority of strains and isolates were substantially more 
sensitive to imidacloprid (Rust et al., 2014). In a separate 
study, resistance to certain ectoparasites was investigated 
via topical application of 12 cat flea isolates collected from 
the field and 4 laboratory strains. No resistance to fipronil or 
imidacloprid was detected in the course of the experiments 
conducted. All isolates and strains exhibited pyrethroid 
resistance to permethrin and deltamethrin. Although the 
Rdl mutation, which confers site-specific cyclodiene 
insecticide resistance, is present in the majority of isolates 
and strains, the response to fipronil, which affects the 
identical receptor protein as cyclodiene insecticides, has not 
been changed (Rust et al., 2015). In a study involving 
Germany, France, England, the United States, and Australia, 
a bioassay was conducted on 1687 of 2307 cat flea isolates 
collected between 2002 and 2013 to determine their 
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resistance to imidacloprid. The results showed that the cat 
flea is still susceptible to imidacloprid despite decades of 
widespread use (Kopp et al., 2013).  
  The presence of T929V and L1014F mutations in the 
para gene of cat fleas, which correspond to pyrethroid 
resistance, was examined in flea samples collected from 
goats on seven farms in Türkiye where cypermethrin was 
widely used. According to the results, all collected fleas 
were C. felis (Alak et al., 2020).  
  From five localities in the northwest and west of Iran, 
67 C. canis fleas were collected. Adult fleas were exposed to 
cypermethrin at a concentration of 0.75 percent for 1 and 8 
hours, and mutation sites in the VGSC gene were analyzed. 
The mortality of this dose for C. canis was 33.33%, 41.17%, 
and 66.66%, 80.33% after 1 and 8 hours of exposure, 
respectively. Sequence analysis of VGSC revealed one 
mutation site in susceptible fleas and two mutation sites in 
resistant fleas (Seidy et al., 2022). 

Mechanisms of resistance 
Research on the mechanisms of resistance in ectoparasites 
is of concern for the development of new drugs and control 
strategies. Although these mechanisms have not been fully 
explored, some resistance mechanisms are outlined below. 
Due to a similar mode of action, parasitic resistance can 
develop within the same chemical class (Stafford and Coles, 
2009).  
  Two main mechanisms of resistance have been 
identified: 
  1. Metabolic resistance: Ectoparasiticides cannot reach 
their target sites due to detoxification enzyme-based 
resistance, such as esterases, oxidases, and glutathione S-
transferases (GST). This may be the result of the 
amplification of a single amino acid, which modulates the 
catalytic center activity of the enzyme, or multiple gene 
copies in resistant ectoparasites. 
 2. Point mutation: Point mutations inhibit the migration of 
ectoparasiticide within the target area. These mutations 
may occur at a single point in the DNA sequence or in the 
protein structure targeted by the ectoparasite. 
Consequently, the drug may not bind effectively to its target 
and may lead to reduced lethality in the parasite. Over time, 
the frequency of these mutations in the population may 
increase, and resistant parasites may transfer the mutations 
as they continue their genetic lineage, leading to an increase 
in ectoparasitic resistance in the population. Therefore, 
understanding and monitoring point mutations is important 
for the development of new drugs. In a study, it was found 
that resistance development was faster in the case of 
resistance due to only one gene mutation, especially if this 
single gene mutation constitutes a dominant allele (Jonsson 
and Hope, 2007). When multiple genes are involved in 
resistance formation, the propagation of the resistance rate 
within the population will decrease. 
  Pyrethroids: Pyrethroid resistance mechanism of 
Rhipicephalus (formerly Boophilus) microplus was 
investigated. Tick genotypes known to be resistant to 
pyrethroids were utilized for this purpose. These DNAs were 
sequenced after obtaining partial para-homologous sodium 

channel cDNA from these ticks. In the extremely preserved 
domain IIIS6 of the homologous sodium channel of ticks that 
are extremely resistant to pyrethroids, a point mutation that 
results in an amino acid change from Phe to Ile was 
identified (He et al., 1999). 
  In a study involving cat fleas from the United States and 
the United Kingdom, the mechanism of pyrethroid 
resistance was investigated. This study involved the cloning 
of domain II sequences from the cat flea para gene and the 
identification of two mutations, L1014F and T929V, 
pyrethroid resistance in residues previously implicated (Bass 
et al., 2004).  
  A study was conducted to ascertain the pyrethroid 
resistance of Varroa destructor. In this study, valid new 
methodologies for determining DNA methylation in 
resistant and susceptible strains were also identified. In the 
case of five mitochondrial gene fragments, polymerase 
chain reaction single-stranded conformational 
polymorphism (PCR-SSCP) was used to identify nucleotide 
substitutions in the DNA of pyrethroid-resistant, pyrethroid-
susceptible, and control mites. The drug-resistant strains 
contained more bands than the other two categories. In 
pyrethroid-resistant mites, global DNA methylation levels 
were observed to be lower (Stracheka et al., 2015). TaqMan 
analyses performed on tau-fluvalinate-resistant V. 
destructor mites in the Lombardy region of Italy 
demonstrated the presence of the L925V mutation. (Lupi, 
2019).  
  Organophosphates: Organophosphates (OP) are derived 
from one of the phosphorus acids and contain phosphorus. 
Organophosphates are specific for the acetylcholinesterase 
(AChE) protein. Due to the complexity and multifactorial 
nature of organophosphate resistance, an extensive 
investigation has been conducted to identify the 
mechanisms underlying organophosphate resistance, 
however, there has been little progress at the molecular 
level (Guerrero et al., 2012). The existence of OP resistance 
is supported by biochemical and bioanalytical data (Jamroz 
et al., 2000).  
  Biochemical, bioassay, and molecular assays were used 
to determine the OP resistance status of R. microplus ticks 
collected in the Indian state of Punjab. As a measure, the 
Adult Immersion Test (AIT) was utilized. Malathion 
resistance was detected in 12 isolates following the test. 
The gene sequences of AChE3 and AChE activity were 
analyzed to determine the potential resistance mechanism. 
A significantly higher level of uninhibited AChE activity was 
observed in all collected ticks compared to the susceptible 
population. While V71A mutation was observed in seven 
isolates collected from the field, R86Q mutation was found 
in all isolates collected from the field (Singh et al., 2016).  
  Macrocyclic lactones: In a study involving two tick 
strains, one resistant and one susceptible, a lethal time 
bioassay was conducted. The significance of the ivermectin 
detoxification enzymes cytochrome P450, esterases, 
glutathione-S-transferase, and ATP Binding Cassette 
Transporters in resistance was investigated. As a 
consequence, it was determined that the most important 

Küntüz et al., 2023 / Journal of Istanbul Veterinary Sciences. Volume 7, Issue 2, pp: 56-67 



 60 

 

detoxification mechanisms in resistant strains are those 
mediated by ABC transporters. It was discovered that 
esterases, glutathione-S-transferases, and cytochrome-
oxidases perform a lesser role in detoxification (Le Gall et 
al., 2018). 
  Carbamates: Carbamates are derived from carbamic 
acid. Inhibiting acetylcholinesterase (AChE) is their mode of 
action. Ticks that are resistant to organophosphates may 
also be resistant to carbamates due to their analogous 
mode of action (Li et al., 2005). 
  The emergence of resistance to propoxur, permethrin, 
DDT, and malathion in R. microplus was examined using the 
Larval Packet Test in Sri Lanka. The 30% insensitivity of tick 
populations' acetylcholinesterases, the target site of 
carbamates and organophosphates, to propoxur inhibition 
suggests that altered acetylcholinesterases are partially 
responsible for the carbamate and organophosphate 
resistance observed in tick populations (Bandara and 
Karunaratne, 2017).  
  Phenylpyrazoles: Fipronil is the only phenylpyrazole 
compound used to treat and/or control animal ectoparasite 
infestations. Very little is known about fipronil resistance in 
ectoparasites. In 100% of field populations of German 
cockroaches, A302S target site mutations of the GABA-gated 
chloride channel associated with fipronil resistance were 
identified (Gonzales-Morales et al., 2022). 
  Amitraz: It has been hypothesized that the target of 
amitraz activity is one of the biogenic amine receptors, 
obviously the adrenergic or octopaminergic receptors. Two 
nucleotide substitutions were discovered in the octopamine 
receptor sequence of resistant tick strains, causing amino 
acids that are distinct from those of all susceptible strains 
(Chen et al., 2007; Corley et al., 2013). These mutations 
provided the initial proof of a modified target site as a tick 
amitraz resistance mechanism. In addition, because the 
target site of amitraz has not been conclusively identified, 
the precise mechanism of resistance to amitraz remains 
unknown (Leeuwen et al., 2010; Guerrero et al., 2012; Pohl 
et al., 2012).  

Methods of detecting resistance 
In vivo studies are conducted by applying the product 
directly to animals in accordance with the recommended 
route of administration and dosage, and the number of 
parasites before and after treatment (Abolins et al., 2007).  
In vitro studies vary depending on the specific chemical and 
ectoparasite being studied. The majority of the tests require 
laboratory conditions.  A number of these tests can be 
conducted in the field, such as the CDC bottle test (CDC, 
2012) and the Fly Box mobile testing device (Jandowsky et 
al., 2010). Thresholds (e.g. dose discrimination) differ 
between ectoparasite species and ectoparasiticides with 
different modes of action. When defined reference strains 
of susceptible or resistant ectoparasites are used to assess 
the validity of these methods, they are all valid. 
Exposure of larvae or adults to treated surfaces 
  Adults: This strategy typically relies on direct contact of 
ectoparasites with a chemically treated surface under 
research. It involves exposing ectoparasites to surfaces 

treated with different subjected to various dilutions of the 
researched chemical for a specified time period. Mortality of 
ectoparasites is assessed at defined diagnostic time points. 
Various materials may be used for these surfaces, e.g. glass, 
fabric, or paper, although the principle has not changed 
(Thompson et al., 2002 Jandowsky et al., 2010; Sternberg et 
al., 2014; Rust et al., 2014).  
  Larvae: The larval pack test (LPT) is a test that tests that 
assesses the susceptibility of tick larvae to treated surfaces 
(FAO, 2004). It is recommended that this test can be used in 
conjunction with the concept of discriminating 
concentration as a low-cost and rapid resistance diagnostic 
technique (Eiden et al., 2015). The discriminating 
concentration consists of a single ectoparasitic 
concentration that will kill the most susceptible genotype 
while leaving the resistant genotypes remain viable.  
  This category of tests is not suitable to test the 
resistance of Insect Growth Regulators (IGR) acting by 
interfering with the moulting process and/or hatching of 
eggs. To test IGR resistance in transient pests such as flies, 
fly eggs are commonly incubated in raring media with 
increasing IGR concentrations (Jandowsky et al., 2010). 
Specific test conditions may be required for ectoparasites 
that remain consistently in the host, eg; the use of scrapings 
of the host’s wool or skin is considered mandatory for the 
lice hatching (James et al., 2008; Levot and Sales, 2008).  

Topical application to adults or larvae 
  Adults: Topical application to a specific location on the 
surface of the body of ectoparasites is a frequently used 
method. Using different dilutions, the chemical under 
investigation is administered in small droplets by micro-
syringe to ectoparasites immobilized, e.g. by carbon dioxide 
or cooling. The mortality rate of ectoparasites is evaluated 
at the conclusion of the test (Pessoa et al., 2015).  
Immersion testing is the second form of topical application. 
At the time of this test, ectoparasites are immersed in 
various dilutions of the researched ectoparasiticide (Castro-
Janer et al., 2009).  
  Larvae: Larval Immersion Test (LIT) is a comparable 
evaluation for larvae (Shaw, 1966). This test is not 
extensively utilized and does not receive recommendations 
from FAO. 

Feeding tests with treated rearing media 
The tested chemical is added at varying concentrations to 
the culture medium for the larval stages of the ectoparasite, 
according to the fundamental principle. Such biological 
assays can be used to evaluate larvicide activity (Kelly et al., 
1987; Rust et al., 2014). 

Biochemical and molecular assays 
These experiments have the potential to investigate the 
mechanisms of resistance in specific ectoparasite 
interference, thereby validating resistance. Nevertheless, it 
is currently used only for research purposes. WHO (1998) 
has described a number of biochemical and immunological 
assays to test for an increase or change in ectoparasite 
enzymes that are associated with higher tolerance to 
ectoparasites. Biochemical microtiter plate assays, for 
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experiments to test enzyme activity, e.g. to detect modified 
acetylcholinesterase, increased esterase, and glutathione-S-
transferase. The enzyme activities are measured either 
visually or by spectrophotometer. Moreover, It should be 
emphasized that biochemical tests are not available for all 
identified resistance mechanisms and thus cannot replace 
conventional susceptibility testing.  

Monitoring programs for resistance 
Currently, there are no systematic surveillance programs for 
resistance to ectoparasites. Multiple initiatives monitor the 
environment and health status of honeybee colonies, 
including the national distribution of Varroa mite infestation 
in countries such as Spain, Germany, and Italy. On the other 
hand, they do not examine resistance levels specifically, and 
there is no global surveillance initiative that uniformly 
collects evidence on Varroa resistance.  

System of pharmacovigilance 
  The World Health Organization (WHO) defines 
pharmacovigilance as " the science and activities concerned 
with the detection, evaluation, comprehension, and 
prevention of adverse effects and other drug-related 
issues". 
  The anticipated dearth of efficacy must be notified 
within the system of pharmacovigilance. These reports may 
provide evidence of the potential development of resistance 
to a particular active ingredient. 
  It is arduous to detect resistance in the field, and the 
expected lack of effectiveness is frequently underreported. 
Consequently, it is probable that the true incidence of 
inefficacy is underreported. Therefore, the current 
pharmacovigilance system's capacity for detection and 
monitoring of resistance is limited. 

Management strategies to delay the development of 
resistance 
Locating: Regular resistance monitoring is recommended 
before selecting a suitable ectoparasitic drug for 
administration (FAO, 2004; Abbas et al., 2014; Karakus et al., 
2017). Monitoring requires a defined standard 
methodology, including a recognized laboratory in charge of 
resistance testing, a susceptible reference strain, and if 
required, a known resistant strain (FAO, 2004). 

Usage of ectoparasites:  
Reducing the number of applications: Reducing selection 
pressure for resistance in the field can delay the emergence 
of resistance, according to a consensus (FAO, 2004; Thullner 
et al., 2007). Additionally, reducing ectoparasitic use (e.g., 
treatment timing based on epidemiology) and avoiding 
treatment of non-infested animals have been suggested 
(FAO, 2004; Thullner et al., 2007; Heath and Levot, 2015). A 
case-control study supports this assertion conducted on 
farms in Australia where territorial variations in the 
prevalence of acaricide resistance in R. (Boophilus) 
microplus were observed. Certain sites and frequencies of 
ectoparasiticide treatment have been consistently linked to 
resistance; for instance, The risk of resistance to synthetic 
pyrethroids and amitraz has been observed to increase if 
more than five acaricides were administered the year 

before, the number of acaricide-resistant insects will 
increase (Jonsson et al., 2000). 
  Application technique of the veterinary medicinal 
product: FAO (2004) and Jonsson et al. (2000) cite the 
method of administration as an additional strategy for 
preventing the emergence of resistance. For tick eradication 
programs, topical application by dip or pulverizer is more 
effective in terms of efficacy than application by spray 
apparatus, because application by spray apparatus results in 
poor dispersion and/or poor wetting of animals, exposing 
ticks to non-lethal concentrations. According to Jonsson et 
al. (2000) and the World Health Organization (WHO) (2014), 
ineffective application methods may contribute to the 
emergence of resistance. 
Rotation of distinct ectoparasite classes: Alternate or 
alternative use of various ectoparasiticide groups without 
cross-resistance has also been argued to prevent resistance 
(Kunz and Kemp, 1994; Abbas et al., 2014). This strategy 
demonstrates that, in a population of ectoparasites, the 
frequency of individuals resistant to each previously used 
chemical will decrease as alternative agents are 
administered (Kunz and Kemp, 1994). In this context, 
methods for susceptible external parasites to maintain their 
refugium in order to dilute resistant alleles have been 
considered (Kunz and Kemp, 1994; FAO, 2004; WHO report, 
2014); however, a study indicates that this is challenging to 
implement in practice (Heath and Levot, 2015). Neither 
strategy has been sufficiently demonstrated to effectively 
reduce resistance (Cloyd, 2010). 
  Rotating pyrethroids (deltamethrin) and 
organophosphates (coumaphos) may postpone the 
emergence of pyrethroid resistance, according to a 
laboratory study involving identified R. microplus tick 
strains. To validate such a strategy, however, field trials are 
required (Thullner et al., 2007). 
  Products with more than one active pharmaceutical 
ingredient: The use of products comprising two or more 
ectoparasitic agents (multi-drug-containing products) with 
various mechanisms of action against the identical 
ectoparasite is another strategy under consideration for 
delaying resistance. According to the premise that it is 
unlikely for a single parasite to contain resistant alleles for 
two or more insecticides or acaricides with distinct modes of 
action (Kunz and Kemp, 1994; Abbas et al., 2014), this 
approach entails the use of a single acaricide or insecticide. 
This strategy necessitates that the active pharmaceutical 
ingredients in a multi-drug product be used in compatible, 
equivalent persistence, and at prescribed concentrations (to 
prevent non-lethal concentrations of an ingredient from 
selecting resistant heterozygotes). However, the potential 
risk of developing multiple resistance cannot be ruled out 
entirely, and further clarification of this approach appears 
necessary prior to drawing definitive conclusions about its 
utility.  

Synergists 
Piperonyl butoxide: Piperonyl butoxide (PBO) is frequently 
employed as a synergist with a number of ectoparasites 
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(e.g., carbamates, pyrethroids) for insect control. PBO has 
no inherent insecticidal properties and is virtually nontoxic 
to mammals and birds (NPIC, 2017). PBO inhibits many 
enzymes capable of degrading the active substance in 
insects prior to its activation. PBO impedes the 
detoxification of ectoparasites via binding to Mixed Function 
Oxidases (MFO), which contribute to the degradation of 
active pharmaceutical ingredients (Wexler et al., 2005). By 
incorporating PBO into a product, resistance according to 
the increased activity of insect MFOs can be partially 
overcome, protecting the product from the deleterious 
effects of synthetic pyrethroids and carbamates. 

Environmental control measures 
Increased measures that could reduce the infestation 
burden and, consequently, the incidence of ectoparasiticide 
administration in accordance to postpone the emergence of 
resistance have been discussed in the literature. Pasture 
management (e.g., adequate aeration, complete manure 
removal, optimum animal density, and minimal stress) 
(Jonsson et al., 2000; Abbas et al., 2014) has been shown to 
improve animal health (Jonsson et al., 2000; Abbas et al., 
2014). As with fleas, it is common practice to treat the 
environment to reduce or eliminate re-infestations in order 
to reduce infestation pressure. Mosquito traps, horsefly 
traps, and fly traps (lights, adhesive strips) are examples of 
control methods (Heath and Levot, 2015). In addition, 
quarantine of newly-acquired livestock can be considered a 
preventative measure against possible infestation and the 
subsequent need to treat the entire herd (FAO, 2004). This 
is practiced in South America and Africa to prevent the 
transmission of Ampblyomma, B. ovis, or Sarcoptes (an 
obligate non-flying ectoparasite), and is recommended for 
ticks, lice, and mites with a single host. 

Alternative management strategies 
Alternative methods of ectoparasite control include the 
utilization of natural enemies and vaccinations: 
Natural enemies: In poultry production, predatory mites 
such as Androlaelaps casalis, which consume D. gallinae, are 
utilized. Even though predatory mites are commercially 
available, additional research is necessary before they can 
be used in the field (Sparagano et al., 2014). In separate 
research, it was determined that Cheyletus malaccensis is 
the most potent natural enemy for Dermanyssus gallinae 
and Megninia ginglymura, which have been identified as a 
global economic threat to the poultry industry (Faleiro et al., 
2015). 
Vaccination: Vaccines against parasites have benefits such 
as preventing the development of resistance against 
ectoparasites and preventing environmental contamination 
(de La Fuente et al., 2017). Numerous years have been 
spent on the emergence of a vaccine against the single-host 
tick R. microplus, which has a significant negative effect on 
animal productivity (de La Fuente et al., 2007; Vargas et al., 
2010; McNair, 2015; Schetters et al., 2016). Currently, only 
one vaccine containing the intestinal antigen Bm86 of R. 
microplus is commercially available (Guerrero et al., 2012b). 
Nonetheless, according to Guerrero et al. (2012 b), the 

effectiveness of this vaccine varies from strain to strain, and 
its adoption is limited. Advanced bovine tick vaccines are 
the subject of continuous research in order to develop 
them. 
  Similar strategies are believed to be effective for other 
infestations, such as sheep scabies and sea lice (McNair, 
2015). Nonetheless, the determination of appropriate 
antigens as vaccine candidates is frequently a main 
limitation (Smith et al., 2001; Smith and Pettit, 2004), and 
no vaccines against ectoparasites are presently available. 

Conclusion and Recommendations 
Increasing global resistance to ectoparasitic agents found in 
veterinary medicinal products is a serious concern for 
animal welfare, animal productivity, and to some extent 
human health. There have been reports of site-specific 
ectoparasite resistance due to differences in reproduction 
and environmental conditions, as well as the life cycle and 
incidence of the ectoparasite. The global resistance status of 
ectoparasite species appears to have been investigated 
extra thoroughly. 

Resistance mechanism 
It is known that the host, the parasite, the frequency of use 
of antiparasitic products, and the environment/breeding 
system influence the development of antiparasitic 
resistance. In external parasites, i) point mutations and ii) 
enzyme-based detoxification mechanisms have been 
identified as the two most prevalent mechanisms of 
resistance. For a number of ectoparasite species, resistance 
mechanisms against a number of the relevant 
ectoparasiticide classes have been identified. Ticks have 
shown clinically significant resistance to amitraz and 
macrocyclic lactone compounds, for which the underlying 
mechanism of resistance is currently unknown. Consider the 
potential that resistance to an ectoparasiticide or class of 
ectoparasiticides may be caused by multiple mechanisms. In 
conclusion, this subject requires more information, 
including the inheritance of resistance genes, so that 
resistance management programs can be established. 
Therefore, continued inquiry into the extremely complex 
process of resistance development is required. 

Determination of resistance 
In general, resistance is suspected due to a lack of clinical 
efficacy. Ineffectiveness may also result from improper 
application of a product, such as insufficient dosing, 
inappropriate dosing frequency, inappropriate treatment 
timing, or poor administration procedures. However, these 
inappropriate practices can also result in the emergence of 
ectoparasite species with resistance. In a study conducted 
on fleas, it was determined that the lack of ectoparasitic 
activity was likely not due to the development of resistance, 
but rather to the absence of environmental flea control 
(Dryden and Rust, 1994). 
  According to the conducted studies, the prolonged 
usage of ectoparasites of the same class over an extended 
period of time is a risk factor for the emergence of 
ectoparasitic resistance in Australia (Levot et al., 1995; 
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Wilson et al. 1997; Jonsson et al., 2000). It can also be an 
issue when identical products are used to control various 
ectoparasites and the epidemiology of different types of 
infestations, such as resistance in external parasites when 
macrocyclic lactone anthelmintics are used (FAO, 2004). In 
order to determine the cause of an observed lack of efficacy 
in an ectoparasitic, it may be beneficial to be aware of 
previous treatment methods. 
  Complicating the situation is the fact that it is 
frequently challenging to corroborate that the observed 
ineffectiveness in the field is the result of resistance to the 
veterinary medicinal product. Presently, the majority of 
available methods to corroborate suspected resistance 
require lengthy laboratory conditions. Moreover, prior to 
resistance testing, laboratory propagation of ectoparasite 
populations requires specialized knowledge. Therefore, it is 
necessary to develop resistance detection methods that can 
provide timely results regarding the susceptibility/resistance 
conditions of an ectoparasite population and can be 
conducted routinely in the field. 

Monitoring the resistance 

The published information on resistance in external 
parasites is inconsistent and primarily focuses on mites, 
marine lice, lice, and flies, with a lesser emphasis on ticks, 
fleas, and mosquitoes. 
  Only a few countries offer structured resistance 
surveillance programs and for exclusive to particular 
ectoparasites. Aside from that, there is a severe lack of data 
regarding the resistance status and probable temporal 
trends of the majority of ectoparasite species in relation to 
currently employed ectoparasites. Therefore, systematic 
monitoring is requhas on a global scale. Countries such as 
Australia and New Zealand have demonstrated that such 
knowledge is essential for managing the development of 
resistance. (Jonsson et al., 2000; FAO, 2004; Abbas et al., 
2014; Karakuş et al., 2017). 

Strategies to delay resistance development 

In addition to the correct administration of the veterinary 
medicinal product, a properly affirmed diagnosis is the most 
natural method for minimizing the risk of developing 
resistance and achieving the anticipated therapeutic effect. 
To ensure that an appropriate ectoparasite is chosen, it is 
beneficial to regularly monitor the development of 
resistance to the various ectoparasiticide classes in the 
region. 
  On the assumption that increased exposure increases 
the risk of emerging resistance, it is also necessary to reduce 
the superfluous routine use of chemical controls as a 
preservative, according to the prevalent belief. the concept 
of targeted selective therapy, such as the concept of refugia, 
which has been demonstrated to delay the emergence of 
anthelmintic resistance. A portion of the ectoparasite 
population is left as a control group, in accordance with the 
refugia concept, in order to decrease the selective pressure 
on resistance-conferring alleles. The information currently 
available is insufficient to draw definitive conclusions 
regarding the utility of this concept for ectoparasites; 
nevertheless, refugia may be useful for delaying resistance 

to ectoparasites such as fleas, lice, and mites (Kunz and 
Kemp, 1995; Cloyd, 2010; Abbas et al., 2014; McNair, 2015). 
Still, additional clinical research is considered necessary 
(Cloyd, 2010). 

Evaluation of ectoparasite product applications 

The prospective emergence of clinically significant resistant 
arthropod species is a prerequisite for marketing 
authorization applications. Marketing authorization holders 
are also required to supply information on the known 
resistance mechanism. Also beneficial would be the 
presentation of scientifically supported risk reduction 
measures to reduce the risk of resistance development. 
However, due to a dearth of surveillance and efficient 
detection methods, it is acknowledged that the capacity to 
provide information on resistance is limited. Although the 
scientific literature contains some information on resistance 
mechanisms, the database is presently narrow, particularly 
in terms of information on inheritance patterns. However, 
marketing authorization holders should be encouraged to 
support all data regarding the development of resistance to 
the active pharmaceutical ingredient in the to-be-approved 
product. A sufficient quantity of various presentations 
should be made available in order to treat varying numbers 
of animals without leaving behind residues that could be 
misused. 
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ABSTRACT 

The relationship between humans and dogs, as the first domesticated animals, exemplifies a 
significant aspect of human-animal interaction. During domestication, dogs have undergone 
behavioral changes to establish closer bonds with humans. However, certain dogs face challenges 
in fully adapting to their new environment, leading to behavioral disorders such as aggression. 
One of the most prevalent and dangerous behavioral problems in dogs is aggression, which poses 
risks to both humans and the dogs themselves, sometimes resulting in euthanasia. Canine 
aggression can arise from various medical and non-medical factors, including physical problems, 
endocrine system disorders, infectious diseases, central nervous system diseases, hereditary 
conditions, as well as racial or personal differences. Evaluating aggression based solely on species, 
breed, and sex characteristics is insufficient. Accurate diagnosis of aggressive behavior requires 
integrating findings from diverse diagnostic methods, including serum biochemistry, hormone 
analysis, urinalysis, electroencephalography, radiography, magnetic resonance tests, and 
behavioral assessments. However, to gain a comprehensive understanding of canine aggression, it 
is essential to consider the underlying pathophysiological processes and neurobiology. The 
management of aggressive behavior in dogs necessitates the implementation of diverse 
treatment strategies aimed at preventing the manifestation of undesirable behaviors. Within the 
realm of medical interventions, neutering and pharmacotherapy have emerged as prominent 
approaches. Neutering has shown effectiveness in mitigating aggression among dogs exhibiting 
aggressive tendencies. On the other hand, pharmacotherapy involves the utilization of 
complementary and suppressive pharmacological agents that target primary and intermediate 
components within the mechanisms underlying aggression. These components encompass 
neurotransmitter/neuromodulator substances, peptides, enzymes, and hormones, all of which 
contribute to the pathophysiological processes of aggression. Through the modulation of these 
factors, pharmacotherapy seeks to offer a comprehensive treatment approach for addressing 
aggressive behavior in dogs. This review aims to investigate the neurobiological basis of 
aggression in dogs, considering the underlying pathophysiological processes and the role of 
neurotransmitter/neuromodulator substances, neuropeptides, peptides, enzyme systems, and 
hormones. Accurate diagnosis and understanding of canine aggression are crucial for the 
development of effective medical and alternative treatment methods. 
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The concept of domestication, which involves the process of 
animals adapting to the settled life of humans, has a long 
history reaching back to prehistoric times and has played a 
vital role in forging a closer relationship between humans 
and the natural world (Siddiq, 2019). Among the many 
domesticated animals, dogs hold a special place as the first 

to be domesticated, dating back approximately 14,000 
years. The enduring nature of our social interactions with 
dogs, spanning from ancient times to the present, serves as 
a fundamental exemplification of the profound bond 
between humans and animals. Throughout history, dogs 
have held multifaceted roles in both natural environments 
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and human societies. Their companionship and 
contributions have solidified their status as one of the 
most prominent illustrations of human-animal 
interaction. Notably, certain qualities exhibited by 
dogs, such as loyalty, trainability, obedience, and 
harmony, have made them valuable assets in the 
process of image acquisition and socialization of 
individuals within society (Batmaz, 2021). 

The most common behavioral disorder in dogs: 
Dominant aggression (Dominance-related aggression) 
Observable movements in living organisms are known 
as behavior (Landsberg, 1990). Animal behavior is a 
complex phenomenon that encompasses survival 
behaviors developed by animals in response to their 
natural environment (Odendaal, 1997). Dogs, in 
particular, have undergone behavioral changes 
compared to their wolf ancestors due to their 
adaptability, allowing them to be closer to humans 
during domestication (Siddiq, 2019). However, dogs 
have not fully adapted to their new environment 
biologically within a short period, leading to internal 
conflicts between their internal structures and the 
new environment, resulting in stress, aggression, 
anxiety, and depression-like behaviors (Dodurka, 1999; 
Dodurka, 2001). Undesirable behavior exhibited by 
dogs is often labeled as behavioral disorders by 
humans (Overall, 1997). These behavioral disorders in 
dogs can manifest due to various factors, including 
genetic diseases, developmental challenges, breed-
specific behaviors, social environment issues, 
adaptation strategies, and environmental adaptation 
disorders (Odendaal, 1997). The prevalence of certain 
behavioral disorders, such as aggression, fear, 
attention-seeking behaviors, loneliness, anxiety, 
environmental pollution, neglect of puppies, social 
withdrawal, destructive behaviors, digging, maternal 
cannibalism and coprophagia, contributes significantly 
to the abandonment of dogs in shelters (Feddersen-
Petersen, 1990; Jagoe, 1994; Askew, 1996; Odendaal, 
1997; Dodurka, 2005; Kwan and Bain, 2013). These 
behavioral problems not only pose challenges for dog 
owners but also serve as major reasons for 
relinquishment to shelters. 
  Aggression is a prevalent and hazardous 
behavioral problem in dogs that can lead to harm to 
humans and euthanasia of dogs (Houpt and Reisner, 
1995; Horwitz, 2000). It is most commonly observed in 
intact male dogs and later in non-neutered female 
dogs, and neutering has been shown to reduce 
aggression in both sexes (Beaver, 1992). Aggression in 
dogs can have medical origins, including physical 
problems, endocrine system disorders, infectious 

diseases, central nervous system disorders, and 
hereditary diseases (Chapman and Voith, 1990; 
Landsberg, 1990; Dodman et al., 1996a). In addition to 
disease-related causes, racial or personal differences 
have also been found to influence aggression in dogs 
(Zapata et al., 2016). 
  Research utilizing behavioral tests, such as the 
Canine Behavioral Assessment and Research 
Questionnaire (C-BARQ), has revealed that dog 
aggression varies across species. Dogs were 
categorized based on aggression towards their owners, 
unfamiliar individuals, and other dogs. Dogs known for 
their friendly characteristics tend to display slight 
aggression towards strangers and other dogs, while 
dogs with more robust temperaments, including pit 
bulls, exhibit more pronounced aggression (Duffy et 
al., 2008). However, a study conducted in 2011 
reported that pit bulls adopted from shelters did not 
show higher aggression compared to other species 
(MacNeil-Allcock et al., 2011). Another study 
investigating the degree of aggression based on scar 
size in pit bulls rescued from dog fighting, a breed 
often associated with aggression and euthanasia, 
found that animals with larger scar areas displayed 
higher levels of aggression. The study also reported 
that male pit bulls exhibit more aggression than 
females. Nonetheless, bite marks alone are insufficient 
to fully understand an animal's aggression, and 
behavioral tests should also be conducted (Miller et 
al., 2016). Instead of evaluating canine aggression 
solely based on species, breed, and sex characteristics, 
it is important to address the pathophysiological 
processes and neurobiology underlying aggression. 
Additionally, supporting these findings with results 
obtained from behavior observation and tests is 
essential for accurate diagnosis (Overall, 1997). 
  Studies utilizing behavioral tests, such as the 
Canine Behavioral Assessment and Research 
Questionnaire (C-BARQ), have shed light on the 
variability of dog aggression. Duffy et al. (2008) 
conducted a study where aggression in dogs was 
categorized based on species, including aggression 
towards the owner, aggression towards unfamiliar 
individuals, and aggression towards other dogs. The 
results showed that dogs known for their friendly 
characteristics exhibited slight aggression towards 
strangers and other dogs, while dogs with more robust 
temperaments, such as pit bulls, displayed more 
pronounced aggression. However, MacNeil-Allcock et 
al. (2011) reported that pit bulls adopted from shelters 
did not show higher levels of aggression compared to 
other species. Another study focused on investigating 
aggression levels based on scar size in pit bulls, a breed 
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often associated with aggression and then euthanasia. 
The study demonstrated that pit bulls with larger scar 
areas displayed higher aggression levels. Furthermore, 
the study reported that male pit bulls exhibited more 
aggression than females. However, it is important to 
note that bite marks alone are insufficient to fully 
understand an animal's aggression, and behavioral 
tests should also be conducted (Miller et al., 2016). 
Therefore, evaluating canine aggression should not 
solely rely on species, breed, and sex characteristics, 
but should also consider the underlying 
pathophysiological processes and neurobiology of 
aggression (Overall, 1997). 
  Aggression in dogs can be classified into different 
types based on various reasons, including aggression 
for fear and self-defense, territorial aggression, herd 
aggression, racial and hereditary factors, aggression 
during the socialization period, aggression resulting 
from diseases, dominant aggression, and aggression of 
unknown origin (Askew, 1996; Feddersen-Petersen, 
1990; Jagoe, 1994; Noyan, 2007). Among these types, 
dominant aggression is the most common and occurs 
independently of breed, gender, and age 
characteristics (Reisner et al., 1994; Dodman et al., 
1996b; Uchida et al., 1997; Odore et al., 2020). Studies 
have found that the majority of dogs diagnosed with 
dominant aggression are young male dogs and 
purebreds, with bull terriers being one of the breeds 
associated with a higher incidence of dominant attacks 
(Blacksaw, 1991; Uchida et al., 1997). 
  Diagnosing dominant aggression may involve 
behavioral tests as well as additional methods such as 
serum biochemistry, hormone analysis, urine analysis, 
electroencephalography, radiography, and magnetic 
resonance tests (Landsberg, 1990; Serpell and Hsu, 
2005; MacNeil-Allcock et al., 2011). Behavioral tests 
encompass various criteria for identifying dogs 
predisposed to dominant aggression. These criteria 
include prolonged eye contact with the dog, 
performing painless procedures such as grooming, nail 
clipping, and ear cleaning, withholding food from the 
dog, passing by while the dog is eating, adding food to 
the bowl while eating, attempting to pick up the dog, 
physically arousing the dog, physical contact such as 
lifting and hugging, carrying out therapeutic 
procedures, physical punishment, verbal stimulus as 
punishment, leash handling including putting on/off 
and pulling, walking next to the dog in a confined 
space, testing responsiveness to commands, physical 
contact of a stranger with loved ones, and a stranger 
approaching the dog. Dogs that display an aggressive 
attitude towards at least five of these criteria are 
classified as predisposed to dominant aggression 

(Landsberg, 1990; O'Farrell, 1992; Dodman et al., 
1996a; Serpell and Hsu, 2005; MacNeil-Allcock et al., 
2011). 

Breed differences in dog aggression: The assessment 
of breed differences in dog aggression is often based 
on sources like bite statistics, behavior clinic reports, 
and expert opinions. However, relying solely on these 
sources can be misleading due to biases and racial 
stereotypes, as they may disproportionately associate 
higher aggression risks with larger or physically 
stronger breeds. In order to obtain more reliable 
information about breed-specific aggression, a study 
was conducted using the Canine Behavioral 
Assessment and Research Questionnaire (C-BARQ) to 
evaluate the behaviors of over 30 breeds of dog in 
response to various stimuli and situations (Hsu and 
Serpell, 2003; Duffy et al., 2008). The findings from this 
study revealed significant variations in aggression 
among dogs towards strangers, owners, and other 
dogs. Eight breeds, namely Dachshund, English 
Springer Spaniel, Golden Retriever, Labrador Retriever, 
Poodle, Rottweiler, Shetland Sheepdog, and Siberian 
Husky, showed similar rankings in terms of aggression 
towards strangers, other dogs, and their owners, 
respectively. Breeds such as Chihuahuas and 
Dachshunds scored above average for aggression 
towards humans and other dogs. Akitas and Pit Bull 
Terriers exhibited high levels of aggression specifically 
towards a particular target, such as other dogs. 
Overall, dogs tend to display aggression primarily 
towards other dogs, followed by unfamiliar individuals 
and their owners (Duffy et al., 2008). 
  Certain breeds showed a propensity for aggressive 
behavior towards humans. For instance, Dachshunds, 
Chihuahuas, and Jack Russell Terriers displayed 
aggressive tendencies towards both strangers and 
their owners (Liinamo et al., 2007). Australian Cattle 
Dogs exhibited higher aggression towards foreigners, 
while American Cocker Spaniels and Beagles showed 
aggression towards their owners. Notably, more than 
20% of Akitas, Jack Russell Terriers, and Pit Bull 
Terriers exhibited highly aggressive behavior towards 
unfamiliar dogs. On the other hand, Golden Retrievers, 
Labrador Retrievers, Bernese Mountain Dogs, Brittany 
Spaniels, Greyhounds, and Whippets were among the 
breeds that demonstrated the least aggression 
towards both humans and other dogs (Duffy et al., 
2008). 

Legal regulation regarding dogs in the aggressive 
breed category in Türkiye: The choice of pets often 
reflects the preferences and personality traits of 
individuals. Pitbull breeds, characterized by their 
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muscular and robust bodies, are favored as pets by 
certain segments of society due to their agility, 
bravery, protectiveness, and loyalty. However, in other 
circles, they are considered breeds to be avoided 
(Stepherd, 2018; Batmaz, 2021). Pitbulls originated in 
England through the crossing of Terrier and Bulldog 
dogs. The Pitbull breeds known today include the 
American Pitbull Terrier, the American Bulldog, the 
American Staffordshire Terrier, and the Staffordshire 
Bull Terrier. Over time, Pitbulls have been utilized in 
various domains. Their warrior-like and aggressive 
traits made them initially popular in blood sports such 
as Dog Fighting, Cock Fighting, Gladiator Fights, 
Hunting, and Bullfighting. They also became symbolic 
of America during the 1st and 2nd World Wars. While 
they can be beneficial as "nanny dogs" due to their 
loyalty, obedience, affection, and protectiveness, 
Pitbulls have garnered negative attention in society 
due to their historical involvement in illegal fights and 
media coverage highlighting Pitbull-related incidents 
(Gunter et al., 2016; Kogan et al., 2019; Batmaz, 2021). 
In Turkey, the Animal Protection Law No. 5199, 
enacted in 2004, prohibits the production, adoption, 
rehoming, housing, feeding, exchange, display, gifting, 
and sale of Pitbulls (Resmi Gazete, 01.07.2004). In 
2021, the Law on the Amendment of the Animal 
Protection Law and the Turkish Penal Code was 
published in the Official Gazette. As per Article 14/1 of 
this law, individuals engaged in the aforementioned 
activities are subject to administrative fines. The same 
article also forbids the transportation of "dangerous" 
animals registered before January 14, 2022, without a 
registration certificate, muzzle, and collar, as well as 
their entry into public areas and children's 
playgrounds/parks. In case of continued violations, the 
animals are confiscated, and an administrative fine is 
imposed, with the animals being taken to the nearest 
municipality shelter (Resmi Gazete, 14.07.2021). 

The role of neuromodulators, neurotransmitters, and 
neuropeptides in canine aggression: In the treatment 
of dogs with dominant aggression, various strategies 
can be employed to prevent the display of undesirable 
behaviors. Behavioral treatments play a crucial role in 
reducing and eliminating aggression (Landsberg, 1990; 
Askew, 1996; Houpt et al., 1996; Uchida et al., 1997; 
Yeon et al., 1999; Dodman et al., 2006c; Odore et al., 
2020). Additionally, medical treatment methods such 
as neutering and pharmacotherapy are utilized 
(Askew, 1996; Landsberg et al., 1997). Neutering has 
been shown to help decrease aggression in dogs with 
dominant behavior (Askew, 1996; Kuhne, 2012). On 
the other hand, pharmacotherapy involves the use of 

pharmacological agents that target neurotransmitter/
neuromodulator substances, peptides, enzymes, and 
hormones involved in the pathophysiological 
processes of aggression, aiming to complement and 
suppress these mechanisms (Dodman et al., 1996a; 
Reisner et al., 1996; Landsberg et al., 1997; Overall, 
1997; Pineda et al., 2014; Notari et al., 2015; Niyyat et 
al., 2018). To further advance current medical and 
alternative treatment approaches, it is crucial to 
elucidate the underlying mechanisms and pathways 
involved in canine aggression, as well as the roles of 
neurotransmitter/neuromodulator substances, 
neuropeptides, peptides, enzyme systems, and 
hormonal control pathways in these processes. 

Serotonin 
Serotonin (5-hydroxytryptamine, 5-HT) is a 
neurotransmitter that plays a vital role in various 
physiological processes, including the modulation of 
neuropsychological functions, cardiovascular and 
respiratory control, gastrointestinal motility, 
regulation of food intake and energy balance, and 
urogenital system modulation (Rapport et al. 1948; 
Roth, 2007). The central and peripheral nervous 
systems have identified 15 receptors associated with 
serotonin. Serotonin and its receptors are involved in 
regulating all brain functions within the central 
nervous system. Serotonergic neurons, which express 
serotonin in the raphe nucleus of the brainstem, 
significantly contribute to the development of 
behavior in humans and animals through their 
projections to the cortex, limbic system, midbrain, and 
hindbrain. The serotonergic system manages 
behavioral and neuropsychological processes such as 
mood, perception, reward/punishment, anger, 
aggression, appetite, memory, and libido. 
Dysregulation of this system can lead to psychological 
and neurological disorders (Berger et al., 2009). 
Compared to other neurotransmitters, the 
serotonergic system is the most consistently active 
neurotransmission system involved in neurobiological 
mechanisms underlying aggressive behaviors (Miczek 
et al., 2002 and 2007; Takahashi et al., 2011). Low 
levels of serotonin/serotonin metabolites and 
imbalances in the expression of serotonin receptors 
are key factors contributing to aggression. 
Additionally, the serotonergic system interacts with 
other neurotransmitter and neuromodulator 
substances, amino acids, steroids, and peptides in the 
central nervous system, further influencing aggression 
(Takahashi et al., 2012). 
  Neurotransmitter substances like glutamate and γ-
Aminobutyric Acid (GABA), known for their high 
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functional properties in the brain, directly modulate 
serotonergic neurons. They exhibit increased 
expression in regions where serotonin neurons are 
localized, and GABAergic and Glutamatergic receptors 
are present in regions where the serotonergic system 
projects (Takahashi et al., 2012). Corticotropin-
releasing factor (CRF) immunoreactive fibers and CRF 
receptors in the dorsal raphe nucleus also play a 
crucial role in modulating serotonin neurons related to 
aggression (Quadros et al., 2009a and 2009b). Arginine 
vasopressin (AVP), oxytocin, and their respective 
receptors are responsible for the regulation of 
serotonergic neurons involved in aggressive behavior. 
Monoamine oxidase (MAO), the adrenergic system, 
dopaminergic system, neuropeptide Y (NPY), 
tryptophan, brain-derived neurotrophic factor (BDNF), 
and neuronal nitric oxide synthase (NOS) are 
additional factors that directly or indirectly influence 
the effectiveness of the serotonergic system in 
aggressive behaviors (Takahashi et al., 2012). 
Studies conducted in humans and various animal 
species have revealed a relationship between 
aggressive behavior and serotonin (Kırlı, 2000; Lesch 
and Merschdorf, 2000; Almeida-Montes et al., 2000). 
Individuals exhibiting high levels of aggression often 
have lower levels of serotonin and serotonin 
metabolites, as well as alterations in the expression of 
serotonin receptors (Miczek et al., 2002). Research 
conducted on different dog breeds has reported lower 
levels of serotonin in serum (Çakıroğlu et al., 2007), 
cerebrospinal fluid (Reisner et al., 1996), and urine 
(Wright et al., 2012) in aggressive dogs compared to 
non-aggressive dogs. Treatment methods that increase 
serotonin levels in the brain, such as selective 
serotonin reuptake inhibitors, have shown to reduce 
aggression in both humans and animals (Bacqué-
Cazenave et al., 2020). 

Dopamine 
Dopamine (3-hydroxy thiamine), a neurotransmitter 
belonging to the catecholamine family, is synthesized 
in both the central nervous system and the periphery. 
Its effects are mediated through specific receptors 
expressed in both central and peripheral regions 
(Hansen and Manahan-Vaughan, 2012). The 
dopaminergic system plays a vital role in modulating 
various behaviors, including motor control, motivation, 
reward/punishment, cognitive function, maternal 
instinct, and reproduction. Imbalances in 
dopaminergic signaling pathways have been 
implicated in neurodegenerative disorders. 
Furthermore, dopamine and its receptors are involved 
in the pathophysiology and psychopharmacology of 

neuropsychiatric conditions such as schizophrenia and 
attention deficit hyperactivity disorder (O-Klein et al., 
2019). Although research on the dopaminergic system 
in aggression is limited compared to the serotonergic 
system, it has been shown to have a significant impact 
on aggression development (Rosell and Siever, 2015). 
There is an inverse relationship between dopamine 
synthesis capacity, particularly in the midbrain and 
striatum, and the frequency of aggressive responses. 
Additionally, midbrain dopamine storage capacity has 
been found to be negatively correlated with 
aggression-related behaviors (Hall et al., 2012). 
Pharmacologically induced increases in dopamine 
levels have been associated with heightened 
aggressive behaviors (Almeida et al., 2005). Yu et al. 
(2014) demonstrated that aggression is augmented by 
increased activity in dopaminergic neurons, and 
genetic and pharmacological factors influencing 
dopamine and serotonin signaling can modulate 
monoaminergic functions known to impact aggression, 
potentially altering the risk of aggressive and 
emotional dysfunctions. 
  Pharmacotherapeutic agents targeting 
dopaminergic receptors, such as the dopamine D2 
receptor antagonist haloperidol, have long been used 
to mitigate human aggression. Haloperidol has shown 
efficacy in treating aggressive behavior in children and 
adolescents with psychotic disorders and Parkinson's 
behavior disorders (Glazer and Dickson, 1998; 
Fitzgerald, 1999; Kennedy et al., 2001; Beauchaine et 
al., 2000; Diederich et al., 2003; Masi, 2004). 
Preclinical studies have also implicated dopamine D1, 
D2, and D3 receptors in the modulation of aggression 
(Tidey and Miczek, 1992a and 1992b; Sanchez et al., 
1993; Miczek et al., 2002 and 2004). In a study on 
defense-based aggression in cats, D2 receptors were 
found to play a role, and the stimulation of D2 
receptors in the medial preoptic area and anterior 
hypothalamus, regions associated with defensive 
behaviors, facilitated the expression of emotional 
defense behavior (Sweidan et al., 1991). 

Oxytocin 
Oxytocin, a neuropeptide acting as both a 
neurotransmitter in the central nervous system and a 
hormone in the peripheral circulation, is involved in 
various social behaviors, including maternal-offspring 
bonding and pair bonding (Churchland and 
Winkielman, 2012). It is primarily synthesized in the 
supraoptic and paraventricular nuclei of the 
hypothalamus and stored in the posterior lobe of the 
pituitary gland, where it is released into the peripheral 
circulation to facilitate uterine contractions during 
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birth process and milk expulsion during breastfeeding 
(Insel, 2010). In the central nervous system, oxytocin 
exerts its effects by being released from neurons 
extending from the paraventricular nucleus to the 
amygdala, hippocampus, and nucleus accumbens. The 
oxytocin receptor (OXTR), the sole receptor identified 
so far, exhibits a sex- and species-specific distribution 
in both the central and peripheral nervous systems. 
Variations in OXTR expression and activation 
contribute to individual differences in the oxytocin 
system (Buisman-Pijlman et al., 2014). 
  Oxytocin has been implicated in numerous 
psychiatric disorders, including autism, schizophrenia, 
mood disorders, generalized anxiety disorder, social 
phobia, post-traumatic stress disorder, obsessive-
compulsive disorder, attention deficit hyperactivity 
disorder, aggression, suicidal tendencies, eating 
disorders, and personality disorders (Ishak et al., 
2011). Studies have reported lower plasma oxytocin 
levels, particularly in females, associated with 
depression-like behaviors (Frasch et al., 1995; Ozsoy et 
al., 2009). Furthermore, oxytocin infusion has been 
shown to increase serotonin release in the raphe 
nucleus, the central site of action for selective 
serotonin reuptake inhibitors (Yoshida et al., 2009). 
Turan et al. (2013) found oxytocin levels to be higher 
in patients with bipolar disorder during manic episodes 
compared to depressive episodes and remissions. 
Acute stress and fear situations activate the oxytocin 
system, resulting in elevated oxytocin levels in both 
the central nervous system and peripheral tissues 
(Engelmann et al., 2004; Neumann, 2007). While 
chronic anxiety disorder and plasma oxytocin levels 
were positively correlated in women, an inverse 
relationship was observed in men (Holt-Lunstad et al., 
2011; Weissman et al., 2013). Acute administration of 
oxytocin has also been shown to reduce anxiety (de 
Oliveira et al., 2012).  
  Animal studies with inactivated oxytocin genes/
receptors have demonstrated changes in social and 
aggressive behaviors (Takayanagi et al., 2005). In 
humans, lower levels of oxytocin measured in the 
cerebrospinal fluid have been associated with higher 
lifetime aggression scores, although no significant 
association was found with personality disorders (Lee 
et al., 2009). Polymorphism in the oxytocin receptor 
gene has been linked to aggressive behaviors observed 
in childhood (Beitchman et al., 2012), suggesting a 
potential role for oxytocin in the etiology of 
aggression. 

Gamma-Aminobutyric Acid (GABA) 
GABA (gamma-aminobutyric acid) is a 
neurotransmitter synthesized from its precursor 

substance, L-glutamate, through decarboxylation 
mediated by the enzyme glutamate decarboxylase 
(Wassef et al., 2003). It serves as the primary 
inhibitory neurotransmitter in the central nervous 
system of mammals (Gou et al., 2012). GABAergic 
neurons have widespread projections throughout the 
brain and exert regulatory effects on various 
physiological mechanisms. Three types of GABA 
receptors have been identified: GABAA, GABAB, and 
GABAC (Wassef et al., 2003). 
  The involvement of GABA in the pathophysiology 
of aggression is predominantly associated with its 
inhibitory function (Miczek et al., 2003). Activation of 
GABAA receptors is known to decrease aggressive 
behavior, while positive modulators can exacerbate 
aggression. Conversely, GABAB receptors are directly 
linked to increased aggression. Pharmacological 
activation of GABAB receptors in the dorsal raphe 
nucleus (DRN) leads to heightened aggressive behavior 
(Takahashi et al., 2010a). Serotonergic neurons in the 
DRN play a crucial role in serotonin regulation, and the 
interplay between GABA and serotonin is critical in 
aggression development. Numerous studies have 
demonstrated that high expression of GABAA and 
GABAB receptors in the DRN regulates serotonin levels 
(Takahashi et al., 2010a and 2010b). Activation of 
GABAergic receptors on serotonergic neurons can 
elevate serotonin levels in the medial prefrontal 
cortex. Conversely, GABA receptors in the medial 
raphe nucleus (MRN) do not exert a similar effect on 
aggression, indicating distinct roles of serotonin 
neurons in the MRN and DRN in aggression 
development (Mokler et al., 2009). Furthermore, 
GABAA receptors located in the lateral septum are 
involved in maternal aggression in females (Lee and 
Gammie, 2009). Further research is necessary to fully 
comprehend the intricate roles of GABA in the 
development of aggressive behaviors. However, 
existing studies support GABA receptors as valid 
therapeutic targets for the regulation of aggressive 
behavior. 

Thyroid hormones  
Thyroid hormones (THs) play a crucial role in 
maintaining energy homeostasis and regulating the 
metabolic stages necessary for growth and 
development (Cheng et al., 2010; Brent, 2012). 
Thyrotropin-releasing hormone (TRH) is produced by 
neurons in the paraventricular nucleus of the 
hypothalamus and released from hypothalamic nerve 
projections known as the median eminence. As a 
hypophysiotropic hormone, TRH stimulates the 
synthesis and release of thyroid-stimulating hormone 
(TSH, Thyrotropin) from the adenohypophysis (Fekete 
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and Lechan, 2014). Several factors, including kidney 
failure, fasting, insomnia, depression, cortisol, and 
growth hormone, can influence TSH secretion 
(Jackson, 1982; Gary et al., 1996). The target organ of 
TSH is the thyroid gland, where the synthesis and 
secretion of thyroid hormones, thyroxine (T4) and 
triiodothyronine (T3), occur within follicles (van der 
Spek et al., 2017). 
  Hyperthyroidism, characterized by excessive 
secretion of thyroid hormones, is associated with 
weight loss due to an increased metabolic rate, lower 
cholesterol levels, heightened lipolysis, and 
gluconeogenesis. In contrast, hypothyroidism, 
resulting from the under-secretion of thyroid 
hormones, leads to weight gain due to a decreased 
metabolic rate, elevated cholesterol levels, reduced 
lipolysis, and decreased gluconeogenesis (Motomura 
and Brent, 1998; Brent, 2012). Thyroid hormones have 
significant effects on the development of the central 
nervous system, its functional processes, and 
behavioral characteristics (Bernal, 2005).  
  Studies have demonstrated that thyroid hormones 
regulate oxytocin and arginine vasopressin, essential 
factors involved in the regulation of behaviors such as 
sociability, aggression, and maternal behavior 
(Ferguson et al., 2000; Choleris et al., 2003; Bielsky and 
Young 2004; Bielsky et al., 2004 and 2005; Crawley et 
al., 2007; Yu et al., 2016). Decreased thyroid function 
has been associated with decreased neurotransmitter 
levels in the brain (Ito et al., 1977; Whybrow and 
Prange, 1981; Henley and Koehnle 1997; Mano et al., 
1998), and it was concluded that thyroid hormones are 
required for the synthesis of neurotransmitters that 
are actively involved in behavioral processes and 
aggression (Bernal and Nunez 1995; Vara et al., 2002). 
Similarly, thyroid hormone function is closely linked to 
the dopaminergic and serotonergic systems in the 
brain (Henley et al., 1991; Henley and Valdic, 1997; 
Bauer et al., 2002; Strawn et al., 2004). 
  Hypothyroidism-induced aggression has been 
reported in dogs in numerous studies (Beaver, 1999; 
Beaver and Haug, 2003; Mertens and Dodman, 2003). 
Hypothyroidism is thought to contribute to 
approximately 1.7% of aggressive behavior, which may 
occur even in the absence of lethargy, weight gain, and 
other characteristic clinical signs (Beaver, 1983 and 
1999; Juarbe-Diaz, 2002). In dogs, aggression has been 
associated with increased concentrations of 
thyroglobulin autoantibody (TgAA) along with T4 and 
TSH concentrations (Graham et al., 2004). Some dogs 
with hypothyroidism exhibit a paradoxical response of 
excitement and aggressive behavior. The aggressive 
behaviors resemble those displayed in situations of 
dominance or fear-related aggression and can occur 

without other typical signs of hypothyroidism 
(Aronson, 1998; Beaver, 1999). Hypothyroidism in 
dogs may also manifest as lethargy, mental dullness, 
intolerance to cold and exercise, decreased libido, 
cognitive dysfunction, behavioral abnormalities, and 
aggression (Camps et al., 2019). Treatment with L-
thyroxine or levothyroxine supplementation has been 
reported to alleviate polyneuropathy and aggressive 
behaviors in a dog exhibiting such symptoms (Indrieri, 
1987). Additionally, it has been shown that behavioral 
expressions displaying aggressive behaviors toward 
the owner in dogs with hypothyroidism decrease 
following treatment (Beaver and Haug, 2003). 

Conclusion  
Studying aggressive behavior presents a significant 
challenge due to the complex and multifaceted 
activities of neurotransmitters involved, which are still 
under investigation. Establishing causal links between 
these neurotransmitters and aggression is highly 
challenging, as their interactions often involve other 
neurotransmitters, neuromodulators, neuropeptides, 
or hormones. While there are numerous instances 
where different neurotransmitters are implicated in 
aggressive behaviors, understanding the precise 
mechanisms by which these neurotransmitters 
function in the majority of animal models used for 
studying aggression remains unclear. Understanding 
how individuals of a particular breed respond to their 
competitors is crucial before socializing them and 
interacting with humans and highlights the continuing 
importance of studying aggressive behavior in dogs. 
Traditional therapeutic approaches have sometimes 
hindered progress in understanding the multifactorial 
mechanisms underlying aggression. However, the 
application of innovative techniques, such as 
epigenetic research methods, holds promise for 
gaining deeper insights into how environmental 
changes influence and promote aggressive behavior. 
By investigating changes in methylation patterns 
associated with aggression and exploring genes related 
to neurotransmitter receptors or transporters, we can 
significantly contribute to elucidating the causes of 
heightened aggression and identifying novel targets 
for aggression prevention and treatment. 
  Gaining knowledge about the functioning of each 
neurotransmitter and their interplay in situations of 
increased aggressive behavior triggered by various 
factors will facilitate the development of interventions 
for pathological aggression. By delving into the 
intricate mechanisms and relationships among 
neurotransmitters, we can better understand how 
aggressive behavior manifests and explore potential 
avenues for managing and mitigating aggression. 
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ABSTRACT 

During last decades, the production and consumption of small ruminant milk have been 
increased. As a result of this, sheep and goat farming have been developing and 
scientists are focused on clinical and feeding strategy researches on these animals. By 
the evolutionary challenges and adaptations, colostrum has a crucial role in immune 
complementation for litter. As a result of these challenges and adaptations neonatal life 
is more important especially in ruminants due to its lifetime effect and the future of 
livestock. The passive immune transfer is the main mechanism explained by biological 
evolution between the dam and lamb which is influenced by certain factors related to 
both dam and litter. Today the importance of passive immune transfer is well known for 
the future of livestock economy and animal welfare. In the literature, researchers are 
focused on correlation between colostrum quality (especially immunoglobulin 
concentration) and blood serum levels of immunoglobulin levels in newborns. The aims 
of the present review are to discuss data of recent studies and how passive immune 
transfer occurred in lambs as well as effecting factors and to supply new ideas to 
researchers. 
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The domestication of the sheep is considered 
approximately ten thousand years ago during the 
Neolithic age in Central Asia (Zohary et al., 1998). Since 
that age sheep farming has become an important food 
and animal-by product resource for human beings. 
Milk and dairy products of small ruminants are quite 
important for proper human nutrition where cow milk 
is not readily available or affordable (Haenlein, 2001). 
 The placental structure of the sheep is 
epitheliochorial and due to that structure, maternal 
antibodies are considered not transferred in utero to 
the offspring (Agenbag et al., 2021). Thus, colostrum 
induced passive immune transfer (PIT) is crucial for the 
whole life of the lamb. Alongside a strong 

immunostimulant activity of the colostrum, it is a 
nutrient rich source for the litter. Newborn lambs are 
born quite limited energy reserves thus they need 
immediate access to intake colostrum which has 
enough amount and quality (Nowak and Poindron, 
2006). Colostrum has immunological and nutritional 
composition (Moreno-Indias et al., 2012; Övet, 2023). 
It also has high magnesium concentration that plays an 
essential role in peristaltic activation of newborns. 
Alongside that peristaltic activity, colostrum promotes 
the removal of meconium and helps avoiding the 
bacterial colonization in the gastrointestinal tract 
(Barza et al., 1993). All these properties of colostrum 
make it a unique life source for the newborn.  
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The fetus is well-adapted to the relatively hypoxemic 
intrauterine environment. The transition from intra- to 
extrauterine life requires rapid, complex and well-
orchestrated steps to ensure neonatal survival 
(Morton and Brodsky, 2016) and that challenge has 
combined some influences such as the behavior of the 
litter and mother after birth (Nowak et al., 2000). 
According to literature data, passive immunity in 
ruminant newborns not only ensures prevention 
against diseases but also accelerates growth 
performance (Dewell et al., 2006; Yalçın and Temizel, 
2010; Gokce et al., 2013a). Neonatal lamb mortality 
has no one specifical cause (dos Santos et al., 2023); it 
has a multifactorial issue. Besides its major function of 
digestion and absorption of nutrients, gastrointestinal 
tract provides immunological defense against 
pathogens, endotoxins and antigenic substances 
(Turner, 2009). In newborn ruminants jejunum is a 
major intestinal region for IgG (immunoglobulin G) 
absorption (Nordi et al., 2012; Yang et al., 2019). 

Why PIT is Crucial? 
Although in some mammals (i.e., human, rabbit, 
mouse), PIT is completely occurred via placenta during 
intrauterine life (DuBourdieu, 2019) in ungulates, it is 
occurred limited or considered not to be occurred 
(Silva et al., 2022). Due to placental structure, transfer 
of maternal antibodies occurs via colostrum not only in 
lambs but also in other neonatal ruminants in 24 hours 
post partum; thus PIT is related to colostrum quality 
and its amount intake by the litter. Mechanism of PIT 
is based on absorption of maternal immunoglobulins 
via consumed colostrum. That absorption decreases 
rapidly in 24h postpartum (Loste et al., 2008). 
Meanwhile digestion of proteins and amino acid 
catabolism are slightly (Constable et al., 2016). 
  Failure of PIT causes major economical losses in 
livestock; it is an important economical concern for 
producers. Thus PIT is crucial for producers to prevent 
neonatal mortality and morbidity by monitoring the 
immune status of lambs (Pekcan et al. 2013; Elitok, 
2018). The nature of PIT is an adaptive natural 
immunity (Figure 1).  
  Lamb mortality is a key factor influencing the 
productivity of ewes and the profitability of livestock 
(Shiels et al., 2021). Mortality rates are variable by 
different circumstances (such as management, 
gestational diseases, common infections, failure of PIT 
and others) and during last decades the average 
mortality rate of newborn lambs remained relatively 
constant by 15% around the world. This rate could be 
to be higher (up to 30%) in small-scale sheep farming 
systems in developing countries (dos Santos et al., 
2023). According to studies, failure of PIT’s incidence 
ranges between 3.4% and 20% and; in Kars province in 

Figure 1. Summarized diagram of immunity. 

Turkey mortality rates vary between 45% and 50% and 
during the first 2 weeks of neonatal life (Erdogan, 
2009). Failure of PIT in neonatal lambs has a significant 
consequence on neonatal mortality and newborn 
losses of infectious causes are positively correlated 
with low concentrations of serum Ig (Sallam, 2019; 
Ibrahim et al., 2020) Several factors cause failure of PIT 
as follows: 1. Insufficient concentration of Ig in the 
colostrum. 2. Lack of specific pathogen exposure or an 
inability to respond. 3. Insufficient intake of colostrum 
by the litter. 4. Insufficient production of colostrum by 
the dam. 5. Lack of transmural Ig transfer from the 
neonatal intestine to blood. 
  Hence, failure of PIT has been related to multiple 
conditions of lambs, including respiratory disease, 
diarrhea, septicemia, and commonly omphalophlebitis 
(Herndorn et al., 2011; Demis et al., 2020). All these 
conditions and lack of colostrum intake during the first 
weeks of neonatal life, would affect the litter’s whole 
life (Agenbag et al., 2021). The amount of colostrum is 
important but also management during the suckling 
and weaning period; such as stress produced by dam 
separation, milk quality and suckling frequency, can 
affect the final immune status of the lambs 
(Hernández-Castellano et al., 2015).  
  The gastrointestinal tract of newborn lamb is 
considered sterile and once it’s exposed to 
microorganisms after birth, development and 
maturation of the intestinal mucosal immune system 
start (Wesemann et al., 2013). Although it’s not well-
explained yet, it is known that the mechanism of 
passive immune transfer from dam to litter occurs by 
the high permeability of the intestinal tract of litter to 
macromolecules to pass through especially 
immunoglobulins in ruminants. This permeability is 
highest at the first 6 hours of birth and it decreases in 
24 hours (Castro-Alonso et al., 2008; Hernández-
Castellano et al., 2014a,b). Pinocytosis of enterocytes 
also has a role in that maternal antibody absorption by 
the newborn (Brujeni et al., 2010). PIT is a complex of 
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reactions by acting together with Toll-Like Receptors, 
mucins, antimicrobial peptides, and claudins in 
intestinal defense during the PIT in newborn lambs 
(Zhu et al., 2020). On the other hand, Fc receptor 
mediated pathways are key mechanisms in IgG 
metabolism (Tizard, 2017). However, that high 
permeability increases also the risk for pathogens 
enter to the circulation (Fischer et al., 2019). 

Effecting factors of the PIT 
Factors up to dam: Dam’s health is one of the most 
important factors to produce high-quality colostrum. 
The healthy udder gland is key to producing high-
quality milk in dairy ruminants (Castro et al., 2019). 
Nutrition is a major contributing factor to the quantity 
and quality of colostrum (Banchero et al., 2015; 
McGovern et al., 2015). Sufficient energy to the dam is 
ingesting and whether that meets its gestational 
requirements (Banchero et al., 2006; Muñoz et al., 
2008). Viola et al. (2022) have indicated that an ewe’s 
diet in the last period of gestation can effect colostral 
IgG concentration; for instance hazelnut skin in ewe’s 
diet effects positively colostral IgG concentration. 
Under that condition, colostrum quality is associated 
directly to the dam’s nutrition. In the late gestation, 
sheep supplemented with oat grain had higher 
colostral protein and IgG and high IgG concentrations 
in the blood serum of their lambs (Castellaro et al., 
2022). 
  According to some recent studies, age of dam has 
no significant effect on growth performance in 
neonatal lambs (Talore, 2009; Taye et al., 2010; 
Abegaz et al., 2011; Gokce et al., 2013a). Although 
data on the effect of parity on colostrum quality in 
sheep and goats is not numerous, some studies 
reported that primiparous ewes have higher colostral 
protein and IgG concentrations (Higaki et al., 2013; 
Tabatabaei et al., 2013). But in contrast, Sjoberg and 
Van Saun (2021) reported that parity has no effect on 
colostral IgG levels. In a previous study, parity 
influenced characteristics of colostrum in multiparous 
dams; lambs born from primiparous dams have lower 
protein, glucose and plasma IgG concentrations than 
lambs born from multiparous dams  (Chniter et al., 
2013). Gokce et al. (2012) reported that risk of 
neonatal mortality and morbidity are higher in dams at 
first parity than the dams that have higher parities 
because ewes show mismothering at first lambing. 
Physiological mechanisms in first pregnancy might play 
a role in increasing stress in primiparous ewes since; 
they are still growing and need to partition nutrients to 
sustain their growth physiology and their fetuses 
(Chniter et al., 2015). Eventually, parity is one of the 

important effecting factor on colostrum quality and 
lamb morbidity-mortality. 
  In cows, the use of probiotics and prebiotics leads 
to higher levels of colostral immunoglobulin (Sol 
Morales et al., 2000; Strusinska et al., 2004). In the 
sow, dietary probiotics improve colostrum quality and 
growth performance in piglets (Wu et al., 2023). There 
is insufficient data on the effects of using probiotics on 
colostrum quality in sheep nutrition. Nouri et al. 
(2023) have demonstrated that prepartum and 
postpartum feed restriction in fat-tailed dairy sheep 
does not affect colostral IgG or lamb serum IgG 
concentration. Vaccination has important effects on 
colostrum quality and PIT in newborns; higher serum 
antibodies in ewes would effect antibody 
concentrations in colostrum (Burezq and Khalil, 2022). 

Factors up to litter: Not only lambs but also kids and 
calves need to access colostrum in sufficient amount 
and quality. In the literature it is controversial the 
relationship between litter size and colostrum quality. 
While some studies (Mandal et al., 2007; Turkson and 
Sualisu, 2005; Yapi et al., 1990) have shown that there 
is a significant relationship between single and 
multiple-born lambs, other studies discussed multiple 
births may increase the risk of neonatal mortality 
(Holmoy et al., 2012). Alves et al. (2015) have shown 
that lambs demonstrated the failure of PIT once their a 
serum IgG concentration lower than 15 mg/mL at the 
36th hour postpartum.. Similarly lambs have lower 
serum total protein (TP) concentration at 24th-hour 
postpartum show higher morbidity-mortality rates 
(Gokce and Atakisi, 2019). Management applications 
and animal characteristics (e.g. singleton or twin, birth 
weight, gestational diseases in ewes) are also 
associated with PIT (Gokce et al., 2013b). 

Evaluation methods 

Nowadays, various methods have been developed and 
still used to evaluate PIT in newborn ruminants. These 
methods are mainly divided into direct and indirect 
methods (Table 1). According to literature data, the 
most accurate method for evaluating colostrum 
quality is radial immunodiffusion (RID); Enzyme-Linked 
ImmunoSorbent Assay (ELISA) is also a reliable method 
(Lee et al., 2008; Cuttance et al., 2019). However, RID 
is an expensive laboratory method and requires time 
for results. Although it is not well-accurate, in farm-
practice the best method is brix refractometry to 
evaluate colostrum quality because it is fastest and 
easiest method (Agenbag et al., 2023). Another 
method is Split trehalase immunoglobulin G assay 
(STIGA) that used in bovine colostrum (Drikic et al., 
2018). Besides, the radial gel immunodiffusion 
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immunodiffusion technique can be used to determine 
serum and colostral IgG concentration (Castellaro et 
al., 2022). Total immunoglobulin levels of blood serum 
and colostrum can be evaluated by Zinc Sulfate 
Turbidity Test (Vatankhah, 2013). Transmission 
Infrared Spectroscopy (TIR) is also another direct 
method to measure colostral IgG concentration  
(Elsohaby et al., 2016). 

  Capillary electrophoresis (CE) is also utilizable to 
evaluate colostral IgG concentration and it might be 
reliable method to evaluate total Ig concentration in 
sheep colostrum (Lopreiato et al., 2017). CE is suitable 
for a reliable estimate of IgG in lamb serum (Morittu et 
al., 2020). 

Colostral TP and Ig concentration 
The majority of total colostral protein is originated by 
immunoglobulins, especially IgG in ruminant 
colostrum. Management, gestational diseases, 
mastitis, age and parity are factors that affect 
colostrum quality (Swarnkar et al., 2019). Sufficient 
amount and quality of colostrum are important factors 
for the PIT. According to the ELISA method, values 
between 29.55 and 53.41 are considered high-quality 
(Alves et al., 2015; Constantin and Sipos, 2021). Brix 
refractometry can be used in farm practice to evaluate 
colostral protein and values are changeable (Table 2). 

Immunoglobulin levels in lamb blood serum 

There are different methods to estimate serum Ig 
levels. Detection of IgG levels by ELISA (Yenilmez et al., 
2021) is one of the common methods. Healthy 
newborn lambs (in 21 days after birth) have 
significantly higher serum IgG levels than before they 
consume colostrum; and also their dams have higher 
colostral TP levels (Gokce and Atakisi, 2019). Laser-
induced breakdown spectroscopy method also can be 
used evaluation of proteins in sheep colostrum (Abdel-
Salam et al., 2019). That method is based on 
spectroscopic detection and analysis of atomic, ionic 
and molecular emission of a laser produced plasma; it 
can be used for in-situ and real time measurements 
(Harmon and Senesi, 2021). Another evaluation 
method is the Zinc Sulphate Turbidity Test (ZST) which 
creates turbidity which is proportional to the quantity 
of gamma globulin in the sample and can be quantified 
in a calorimeter at 525 nm/Spectrophotometer 460 
nm. This method was used for the first time in the 70s 
to determine gamma globulin levels in calves. 
According to ZST, neonatal lambs with have total 
serum level below 12 are considered to indicate failure 
of PIT (Demis et al., 2020). Enzymatic colorimetric kits 
can be used to estimate serum TP and albumin 
concentrations (Alves et al., 2015). 

Conclusion 
According to FAO 2022 report consumers especially in 
high-income countries, are more interested about 
what they eat and how their food is produced, 
processed and transported than undeveloped 
countries (FAO, 2022). Sheep farmers produce 
consumable products (meat and milk) and animal-by 
products (wool and skins) for national and/or 
international markets (Morris, 2017). These 
economical changes and feeding preferences lead 
farmers, governments and researchers to focus on 
small ruminant practices. Suckling lambs intake non-
immunological factors such as nutrients, vitamins, 
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Table 1. Common direct and indirect methods to evaluate 
colostrum quality. 

Type Method 

Direct 

RID 

ELISA 

STIGA 

TIR 

Indirect 

Refractometer 

Colostrometer 

Zinc Sulfate Turbidity Test 

Sodium Sulfite Turbidity Test 

Table 2. Brix values of sheep colostrum in different studies. 

Brix Values Range 
(%) 

Breed Reference 

14.4 – 17.1 Awassi Berge et al. (2018) 

13.0 – 23.5 Crossbreed Constantin and Sipos (2021) 

8.6 – 40.0 Santa Inês de Sousa et al. (2018) 

16.8 – 22.6 Lacaune Torres-Rovira et al. (2017) 

15.4 – 40.0 Unknown Kessler et al. (2021) 

21.6 – 44.7 Merino Agenbag et al. (2023) 

16.8 – 27.0 Unknown Todaro et al. (2023) 

Table 3. IgG, fat and protein concentrations in different 
breeds of sheep colostrum (Alves et al., 2015; Kessler et al., 
2019). 

Breed 
Component 

Fat (%) Protein (%) IgG (mg/ml) 

Merino Land 7.44 22.49 44.2 

Brown-Headed 

Meat 

13.64 20.30 35.0 

Swiss Charollais 8.05 17.55 28.9 

Lacaune Dairy 4.04 14.07 20.2 

Santa Inês 7.43 8.24 15.7 
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minerals, hormones, and growth factors alongside 
colostral IgG (Massimini et al., 2006). Because 
newborn lambs bore quite limited energy reserves, 
they need immediate access to intake colostrum that 
has enough amount and quality (Nowak and Poindron, 
2006). Today, most veterinarians use field-based 
methods in livestock routinely which leads them to 
make medical decisions on newborns. There are two 
main reasons to detect PIT in practice: accurate 
diagnosis and treatment of newborns and ensure 
better management (Massimini et al., 2006; Pekcan et 
al., 2013; Elitok, 2018). Immunological differences 
between species or breeds lead to different strategies 
on farm-wide or country-wide. There are 
immunological differences between sheep species; for 
instance Bighorn Sheep (Ovis canadensis) lambs are 
more susceptible to Mannheimia haemolytica 
infections than the other breeds (Herndorn et al., 
2011). Although there have been attempts to reduce 
lamb mortality in recent years (from 1970 to 2014), it 
hasn’t  changed significantly and has remained at an 
average of 15% in many countries (dos Santos et al., 
2023). Gokce and Atakisi (2018) have shown that 
neonatal losses occurred mainly first week of life 
(84.6% rate). Eventually in nature, newborn mortality 
is an inevitable case 
  The major keys of PIT are colostral Ig 
concentration and absorption by the litter. In the 
literature, the role of colostral immunoglobulin 
concentration in passive immune transfer to newborn 
kids has demonstrated (Castro et al., 2005; Rodríguez 
et al. 2009). Gokce et al. (2013a) have shown that 
neonatal morbidity and mortality risks are higher in 
lambs who have low birth weight than in medium or 
high birth weight lambs in Kars province in Turkey. The 
lambing season may affect mortality rates, but some 
studies in the literature (Mukasa-Mugerwa et al., 
2000; Tibbo et al., 2003; Berhan and Van Arendonk, 
2006; Swarnkar et al., 2019) claim that season has a 
significant effect on mortality and some studies 
(Turkson and Sualisu, 2005; Mandal et al., 2007; 
Piwczynski et al., 2012) have indicated that birth 
season has insignificant effect. The influence of gender 
on neonatal mortality is controversial. While some 
studies (Vatankhah and Talebi, 2009; Ahmed et al., 
2010; Abdelqader et al., 2017) have indicated higher 
mortality in male lambs compared to female lambs, 
Turkson and Sualisu (2005) reported higher mortality 
in female lambs. In a study on the Shaul breed (Brujeni 
et al., 2010), PIT wasn’t affected by sex, litter size, 
parity and birth weight. Yenilmez et al. (2021) have 
showed that twin born affects TP and globuline levels 
in blood serum, but it does not affect IgG levels. 
Failure of PIT in lambs has a significant effect on 

neonatal mortality and losses due to infectious causes 
are positively correlated with low concentrations of 
serum immunoglobulins (Sallam, 2019; Ibrahim et al., 
2020). Lamb’s serum IgG levels at post partum 24th 
hour are between 21.51 and 81.25 mg/mL (Castellaro 
et al., 2022). Hunter et al. (1977) reported that these 
concentrations could be in a range of 0 to 102 mg/mL 
in post partum 24th hour. Increased 24th hour serum 
immunoglobulin levels have a significant relationship 
with growth performance in lambs (Gokce et 
al.,2013a). Eventually, newborn lambs should consume 
at least 30 g of IgG in the first 24 h postpartum to 
ensure adequate PIT (Alves et al., 2015). 
  In conclusion, the importance of small ruminant 
farming has been increasing especially in developed, 
high-income countries. Thus in consideration of 
economical losses, management and animal welfare 
have importance and lead us to evaluate PIT and new 
strategies on that aspect. On the other hand, lambs 
need to utilize enough maternal IgG via colostrum as 
well as consume high-quality colostrum. 
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ABSTRACT 

Brucellosis is a zoonotic infection that poses a threat to both human and animal health. The aim 
of this study is to investigate the publication trends in research on canine brucellosis and to 
determine the changes and general characteristics of the disease throughout history using 
bibliometric analysis. For this reason, we conducted a bibliometric analysis of 316 articles 
published in the Scopus and Web of Science (WoS) databases from 1980 to 2022. The analysis was 
performed using the RStudio-Bibliometrix package and the Biblioshiny application. The 
publications included contributions from a total of 1241 authors. In addition, a total of 804 
keywords plus and 398 author keywords were identified. The earliest study among the top 10 
most cited articles dates back to 1985, while the most recent one was published in 2011. The 
majority of the publications were published in the years 2012 (n=17) and 2014 (n=17). The United 
States of America (USA) (n=55), Brazil (n=40), and Argentina (n=25) were identified as the 
countries with the highest number of published articles. Notably, Switzerland ranked first in terms 
of the average number of citations per article category (n=55.50), despite only two publications 
being attributed to this country. Keid L. (n=15), Lucero N. (n=14), Carmichael L. (n=13), and Kim J. 
(n=13) emerged as the most prolific contributors. Lucero N. obtained the highest number of total 
citations (TC=408). In the initial years of publication, the disease was predominantly characterized 
by keywords such as "brucellosis," "infection," "abortus," and "Brucella canis". However, 
keywords related to diagnosis and treatment, such as "diagnosis," "serodiagnosis," "vaccine," and 
"agar gel," gained significance and became increasingly relevant. The themes and sub-themes 
identified through this study can provide a basis for further investigation and scientific inquiry, 
thus contributing to the development of new research questions and opportunities for future 
studies. 
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Canine brucellosis is a zoonotic disease caused by the 
bacteria Brucella canis, which can infect both dogs and 
humans. The disease is transmitted through direct 
contact with infected dogs, particularly by the contact 
with contaminated aborted fetuses or secretions. 
While symptoms of intermittent fever, chills, sweating, 
back pain or joint pain in humans (Holst et al., 2012; 

Lucero et al., 2005), among dogs; infertility, abortion, 
and orchitis are frequently observed (Keid et al., 2009; 
Wanke, 2004). 
 B. canis agent, which was identified by Carmichael 
in 1966, has been diagnosed and reported in many 
countries around the world (Carmichael, 1966; Hollett, 
2006; Wanke, 2004). Various approaches have been 
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used to understand the disease and determine 
optimum diagnostic strategies (Daly et al., 2020; Hinić 
et al., 2008; Holst et al., 2012; Keid et al., 2009; López-
Goñi et al., 2011; Saytekıṅ et al., 2018). These 
approaches can be combined and analyzed using 
bibliometric analysis methods. 
  Although bibliometric analyses employ various 
methods, certain indices such as citations, authors, 
and keywords (Leung et al., 2017) are commonly used 
to measure productivity, while others such as the most 
influential journals or articles and the most productive 
countries (Silva et al., 2022) are used to assess impact. 
ln this article, we used the bibliometric method, a 
statistical approach that allows for quantitative and 
qualitative analysis of written sources (Ekundayo and 
Okoh, 2018; Ellegaard and Wallin, 2015). Through this 
analysis, we aimed to facilitate the correct allocation 
of resources and policy formation for public health 
(Geaney et al., 2015).  
  While several publications have conducted 
bibliometric analyses, systematic reviews, and meta-
analyses on brucellosis (Bakri et al., 2018; Dastani et 
al., 2022; Jamil et al., 2022; Mizrakçi et al., 2021; Shi et 
al., 2021), none have specifically focused on B. canis. 
Therefore, this study seeks to fill this gap in the related 
literature by focusing on the research specifically on 
canine brucellosis, using the bibliometric approach 
proposed by Cobo et al. (2011a). By visualizing the 
thematic development of the field, this approach 
allows for a deeper understanding of the existing 
literature. This study seeks to address the following 
research questions: 1. What is the distribution of the 
articles written on canine brucellosis by years and by 
journal? 2. What are the top 10 most highly-cited 
articles written on canine brucellosis between 1980 
and 2022? 3. What are the most frequently used 
keywords in canine brucellosis-related research and 
how have they changed over years? 4. What is the 
thematic evolution of research articles on canine 
brucellosis between 1980 and 2022? 5. What is the 
productivity level of the most productive authors and 
countries?  

Material and Methods 

This current study used bibliometric data retrieved 
from Scopus and WoS databases as they are 
considered to be the major online data sources to be 
used for bibliometric analysis. Scopus allows 
researchers to search both forward and backwards in 
time, making it easy to access a wide range of data and 
references (Abbas et al., 2022; Cobo et al., 2011b). 
Meanwhile, WoS is a reliable and comprehensive 
database that hosts a wide range of high-impact 
scientific studies (Ekundayo and Okoh, 2018; Martín-

Martín et al., 2018). 
  The purpose of the bibliometric analysis 
methodology in this study was to analyze publications, 
citations, and journals through the contents obtained 
from data sources. By using the this method, 
appropriate answers to purpose-oriented questions 
can be found through analysis (Aria and Cuccurullo, 
2017; Cobo et al., 2011a; Rodríguez-Soler et al., 2020).  
  These bibliographic data are processed in a 
prepared workflow methodology: Study strategy, data 
collection, data analysis, visualization, Interpretation 
(Aria and Cuccurullo, 2017; Cobo et al., 2011b; Derviş, 
2020). 

Study strategy 

Data for bibliometric analysis were obtained by using 
word combinations of "Brucella canis", "canine 
brucellosis", and "B. canis". These words were the 
most widely used ones in scientific literature and in 
the publications that were investigating canine 
brucellosis. The word “babesia” was excluded from the 
results as it refers to a blood parasite transmitted by 
ticks called "Babesia canis (B. canis)", which can also 
infect dogs (Schnittger et al., 2012). The data was 
retrieved from Scopus and WoS on 17/12/2022 by 
selecting only articles as the document type. The 
search flow of the study is presented in Appendix A 
and Appendix B. Data analysis was performed using 
Bibliometrix R-Tool (Aria and Cuccurullo, 2017). 

Data collection 

Data were retrieved from the Scopus database as 
Bibtex and from the WoS database as Plain text 
format. The Bibliometrix package (Aria and Cuccurullo, 
2017) was used to combine the retrieved data and to 
eliminate duplicate publications using mathematical 
analysis methods. To ensure accuracy, articles 
published before 1980 and grey literature with 
incomplete or missing information (such as authors or 
keywords) were excluded from the study. No language 
restrictions were applied. The data were processed 
using the data collection flow diagram utilized by Rocio 
Rodriguez-Soler et al. (2020). This diagram consisted of 
five sub-steps (Figure 1) to obtain the final data set. 
  We first removed duplicate publications after the 
data collection process. 417 articles were retrieved. 
Out of these, 101 articles were excluded from the 
study as they did not fit the research purpose. This 
excluded set of articles consisted of 96 publications 
that were published before 1980 and 5 publications 
that did not include authors, keywords, or author 
keywords. 

Data analysis 

The R program (Version 4.2.2) was used to examine 
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the contents of the articles bibliometrically. For data 
analysis, the program's Bibliometrix package was used. 
This package provides numerous tools for quantitative 
research (Aria and Cuccurullo, 2017).  

Visualization 

The results of the analysis were made more accessible 
and easy to understand by using the Biblioshiny 
interface, which is a user-friendly software based on 
Java (Rusliana et al., 2022). By utilizing the Biblioshiny 
interface, the analyzed results were presented in a 
clear and concise manner, making it easier for readers 
to comprehend the findings.   

Interpretation 

Using the data gathered in this study, various aspects 
of canine brucellosis research were analyzed. This 
included key information about the topic, yearly 
scientific output, important sources, highly cited 
articles, commonly used keywords, thematic trends, 
productivity of top authors over time, the most cited 
countries, and details regarding each country's 
scientific output. 

Results 

Main information 

The Bibliometrix package was used to create a table of 
performance indicators (Aria and Cuccurullo, 2017), 
which served as the first step of the analysis. Table 1 
presents the characteristics of publications on canine 
brucellosis between 1980 and 2022. A total of 316 
articles were identified, yielding 4085 references from 
161 sources. The average number of citations per 

article was 12.16, indicating that most articles received 
a low number of citations (Niknejad et al., 2021; Wang 
and Zhang, 2022). The study identified 1241 authors 
and 398 author keywords, with an average of 5.41 
author collaborations per article (Co-Authors per 
Article). 14 authors also contributed to 18 single-
author publications, and all other authors worked on 
multi-author articles. Biblioshiny estimated the 
average number of articles published per year to be 
17.8. 

Table 1. The analysis was conducted on 316 articles, reve-
aling valuable insights and capturing significant research 
trends 

Description        Results 

Articles 316 

Timespan 1980-2022 

Keywords Plus 804 

Author's Keywords 398 

Sources 161 

Article Average Age 17,8 

Average Citations per Articles 12,16 

References 4085 

Authors 1241 

Authors of Single-Authored Articles 14 

Authors Collaboration   

Single-Authored Articles 18 

Co-Authors per Articles 5,41 

International Co-Authorships % 11,39 

Figure 1. Data collection flow diagram of articles downloaded from Scopus and Wos 
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Annual scientific production 

Figure 2 displays the years of publication for the 
literature analyzed. As can clearly be seen in Figure 2 
below, while there was no consistent pattern in the 
number of publications between 1980 and 2022, a 
significant increase in the number of articles was 
observed since 2011, with a total of 15 articles 
published that year. Furthermore, varying numbers of 
publications were produced in subsequent years, with 
the highest number of articles published in 2012 
(n=17) and 2014 (n=17). In this study, the 316 
publications included were published in a variety of 
languages: English (n=257, 81.33%) was the most 
common language, followed by Spanish (n=18, 5.70%), 
Portuguese (n=14, 4.43%), German (n=10, 3.16%), 
Chinese (n=6, 1.90%), Turkish (n=6, 1.90%), Italian 
(n=2, 0.63%), Korean (n=1, 0.32%), Hungarian (n=1, 

0.32%), and Russian (n=1, 0.32%). 

Most relevant sources  

Figure 3 displays the 15 most relevant sources in 
canine brucellosis studies out of a total of 161 
published sources. The top five journals in this field are 
Veterinary Microbiology, Journal of The American 
Veterinary Medical Association, Journal of Veterinary 
Medical Science, Frontiers in Veterinary Science, and 
Journal of Veterinary Diagnostic Investigation. 
Veterinary Microbiology published the highest number 
of articles (n=15, 4.7%), followed by Journal of the 
American Veterinary Medical Association (n=9, 2.8%), 
Journal of Veterinary Medical Science (n=8, 2.5%), 
Frontiers in Veterinary Science (n=7, 2.2%), and 
Journal of Veterinary Diagnostic Investigation (n=6, 
1.9%). The remaining sources produced 5 (1.6%) and 4 
(1.3%) publications, respectively. 

Figure 2. Annual scientific production from 1980 to 2022. Source: Data extracted from Biblioshiny 

Figure 3. Most relevant sources that publish articles on canine brucellosis. N. of Documents= Number of Documents. 

Source: Data extracted from Biblioshiny 
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Most cited articles 

Table 2 below displays the top 10 most cited articles 
written on canine brucellosis and it includes details 
such as the author(s), year of publication, local 
citations, global citations, and total citations per year. 
Local citations indicate how many times an article was 
cited among the 316 articles included in this research, 
while global citations represent the number of 
citations of the article in Scopus and WoS databases 
(Niknejad et al., 2021). The results of the analysis 
indicate that there are differences between the local 
citation and global citation values, which suggests that 
the topic of this research has also drawn the attention 
of researchers from other fields. 
  The authors with the highest global citation counts 
were Wanke M. (GC=121), Hollet RB. (GC=107), and 
Hinić V. et al. (GC=13). Wanke M. was also the most 
cited author (LC=66) among the authors of the 316 
articles in this study. The article with the highest total 
citations per year (TCpY) was "Novel identification and 
differentiation of Brucella melitensis, B. abortus, B. 
suis, B. ovis, B. canis, and B. neotomae suitable for 
both conventional and real-time PCR systems" 
published by Hinić et al. in 2008. 

Most frequent words 
Word Cloud is a data visualization technique used to 
represent text data of the published articles’ 
keywords, in which the size of each word indicates its 
frequency or importance (Javed Ali et al., 2022; Nasir 
et al., 2020; Wang and Zhang, 2022). The term 
“Author's keywords” commonly denotes the topical 
and contextual inclinations of researchers in a given 
study, whereas “keywords plus” expresses the terms, 
methods, and techniques used in a particular study 
(Patil, 2020; Zhang et al., 2016). In our study, we 
limited the number of keywords to 50 and randomly 
chose the colours for both keyword plus (Figure 4) and 
authors' keywords (Figure 5). The most frequently 
used keyword plus in the articles was 
"brucellosis" (n=113), followed by "dogs" (n=90), 
"brucella" (n=85), "animal" (n=79), "article" (n=63), 
"infection" (n=61), "diagnosis" (n=60), "dog" (n=55), 
"male" (n=49), and "Brucella canis" (n=48). "Brucella 
canis" (n=113) was the most frequently used authors' 
keyword, followed by "brucellosis" (n=49), "canine 
brucellosis" (n=40), "zoonosis" (n=26), "dog" (n=21), 
"serology" (n=19), and "dogs" (n=19).      

Table 2. The top 10 most cited articles in the field of canine brucellosis 

R Title of Article Autor(s) Year LC GC TCpY 

1 Canine Brucellosis Wanke M 2004 66 121 6,05 

2 Canine Brucellosis: outbreaks and compliance Hollett RB 2006 56 107 5,94 

3 
Novel identification and differentiation of Brucella melitensis, 
B. abortus, B. suis, B. ovis, B. canis, and B. neotomae suitable 
for both conventional and real-time PCR systems 

Hinić V, Brodard I, Thomann A, Cvetnić Z, 
Makaya PV, Frey J, Abril C. 

2008 4 103 6,44 

4 Human Brucella canis outbreak linked to infection in dogs. 
Lucero NE, Corazza R, Almuzara MN, 

Reynes E, Escobar GI, Boeri E, Ayala SM. 
2010 45 88 6,29 

5 
New Bruce-ladder multiplex PCR assay for the biovar typing of 
Brucella suis and the discrimination of Brucella suis and 
Brucella canis 

López-Goñi I, García-Yoldi D, Marín CM, 
de Miguel MJ, Barquero-Calvo E, Guzmán-

Verri C, Albert D, Garin-Bastuji B. 
2011 11 80 6,15 

6 
Treatment of Brucella canis and Brucella abortus in vitro and 
in vivo by stable plurilamellar vesicle-encapsulated 
aminoglycosides 

Fountain MW, Weiss SJ, Fountain AG, 
Shen A, Lenk RP. 

1985 0 78 2 

7 Diagnosis of human brucellosis caused by Brucella canis. Lucero NE, Escobar GI, Ayala SM, Jacob N. 2005 35 63 3,32 

8 
Diskospondylitis associated with Brucella canis infection in 
dogs: 14 cases (1980-1991) 

Kerwin SC, Lewis DD, Hribernik TN, 
Partington B, Hosgood G, Eilts BE.  

1992 17 61 1,91 

9 Canine brucellosis: a diagnostician's dilemma Carmichael LE, Shin SJ. 1996 37 59 2,11 

10 
Comparison of agar gel immunodiffusion test, rapid slide 
agglutination test, microbiological culture and PCR for the 
diagnosis of canine brucellosis 

Keid LB, Soares RM, Vasconcellos SA, 
Megid J, Salgado VR, Richtzenhain LJ. 

2009 31 54 3,6 
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R= Rank; LC= Local Citations within the 316 articles; GC= Global Citations; TCpY= Total Citations per Year, Source: Data  
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Thematic evolution 
Thematic evolution analysis is a useful tool for 
understanding how the focus of research in a specific 
field has changed over time (Hernandez-Cruz, 2021; 
Rusliana et al., 2022). To perform a comprehensive 
analysis of the evolution of research on canine 
brucellosis over time, the study was divided into three 
distinct segments based on year ranges: 1980-1999, 
2001-2015, and 2016-2022 (Figure 6.). The first 
segment, spanning from 1980 to 1999, mainly focused 
on describing the disease using words such as 
"infection", "abortus", "brucellosis", and "Brucella 

canis". However, in the second and third segments 
(2001-2015 and 2016-2022), there was a shift towards 
research on the diagnosis and prevention of the 
disease. The most commonly used words during these 
periods were "abortus", "dogs", "infection", 
"outbreak", "brucellosis", "diagnosis", "abortus 
infection", "brucella canis", "serodiagnosis", "animals", 
"kennel", "vaccine", and "agar gel". Nonetheless, the 
words "infection" and "abortus" remained the two 
dominant subjects and remained at the focal point 
throughout all periods. 
 

Figure 4. Word cloud showing the most used keywords 
plus in publications. Source: Data extracted from 
Biblioshiny. 

Figure 5. Word cloud showing the most used autor’s 
keywords in publications. Source: Data extracted from 
Biblioshiny 

Figure 6. Thematic evolution of words from 1980 to 2022. Source: Data extracted from Biblioshiny 
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Top authors production over the time 
Figure 7 displays the quality of articles produced by 
the 30 most productive authors between 1980 and 
2022. The figure depicts the total number of citations 
received per year as indicated by the darkness of the 
circle, while the size of the circle corresponds to the 
number of publications. This visualization technique 
helps determine the most influential authors and their 
contributions to the research field (Wang and Zhang, 
2022). The 30 most productive authors contributed to 
a total of 222 (70.25%) articles in the field of canine 
brucellosis. Among these authors, Keid L. (n=15), 
Lucero N. (n=14), Carmichael L. (n=13), Kim J. (n=13), 
Boeri E. (n=12), Escobar G. (n=10), and Soares R. 
(n=10) are the most prolific writers. Figure 7 further 
illustrates that Carmichael L. (n=13), Weber A. (n=7), 
Zoha S. (n=6), Serikawa T. (n=5), and Yamada J. (n=5) 
are considered pioneers in the field of canine 
brucellosis. Table 3 summarizes the publication 
numbers of the top 10 most productive authors, the 
total number of citations received by all their 
publications, and the year of the most cited 
publication. Keid L. has the highest number of 
publications (n=15), while Lucero N. (TC=408), Escobar 
G. (TC=353), and Carmichael L. (TC=337) are the top 
three authors with the highest total citation count. 

Number of articles and citations by countries 

Table 4 presents the top 10 countries with publications 
in the field of "Canine Brucellosis," along with the 
number of publications, total citation count, and 
average number of citations per article. The United 
States leads the pack with the highest number of 
publications (n=55), followed by Brazil (n=40) and 
Argentina (n=25). In terms of total citation count, the 
USA (n=942), Argentina (n=694), and Brazil (n=453) are  

Figure 7. Production trends of the top 30 authors over the time period spanning from 1980 to 2022. Source: Data extracted 

from Biblioshiny 

Table 3. The study assessed the productivity of the top 10 
authors, analyzing their contributions and output within 
the field 

Authors Articles TC MCPY 

Keid L. 15 310 2007 

Lucero N. 14 408 2005 

Carmichael L. 13 337 1984 

Kim J. 13 105 2011 

Boeri E. 12 175 2010 

Escobar G. 10 353 2005 

Soares R. 10 264 2007 

Ayala S. 9 290 2005 

Megid J. 9 228 2007 

Baldi P. 8 183 2004 

TC= Total Citations, MCPY= Most Cited Publication Year. 

Source: Data extracted from Biblioshiny  
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Table 4. The study identified the top 10 highly cited 
countries, highlighting their significant contributions to the 
field. 

R Country Articles TC AAC 

1 USA 55 942 17.13 

2 Brazil 40 453 11.32 

3 Argentina 25 694 27.76 

4 Colombia 15 98 6.53 

5 China 14 69 4.93 

6 Turkey 14 96 6.86 

7 Korea 13 84 6.46 

8 Chile 9 42 4.67 

9 Japan 9 92 10.22 

10 Germany 8 52 6.50 

R= Rank; TC= Total Citations; AAC= Average Article Citations 

Source: Data extracted from Biblioshiny 
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at the forefront. Interestingly, Switzerland, with only 
two articles, has the highest average number of 
citations per article (n=55.50), which is significantly 
higher than the other countries on the list. Other 
countries with the highest number of citations per 
article are Spain (n= 36.25), Finland (n= 31.00), 
Argentina (n= 27.76), Sweden (n= 27.00), and Hungary 
(n= 19.50). 

Discussion  

In bibliometric analyses, it is observed that English is 
the most common language for articles (Abbas et al., 
2022; Cuccurullo et al., 2016; Wang and Zhang, 2022). 
This finding arises due to the higher citation rate of 
English articles (Bakri et al., 2018). The determination 
that 81.33% of the publication language in our study is 
English supports this finding. 
  Bibliometric analyses reveal quantitative data. Due 
to its ability to provide a robust and versatile statistical 
software environment, RStudio is widely utilized in the 
processing of such data (Rodríguez-Soler et al., 2020). 
which is why we also chose to use it. Our research 
focuses on canine brucellosis and addresses the 
significance of this zoonotic disease, as well as the 
ongoing challenges associated with its eradication. 
Although no specific article has conducted a 
bibliometric analysis solely on canine brucellosis, 
previous studies have examined bibliometric analyses 
of brucellosis in general, including highly cited articles, 
institutions, and journals in the field (Bakri et al., 2018; 
Dastani et al., 2022; Mizrakçi et al., 2021). 
  Comprehensive studies on various aspects of 
Brucella species have consistently shown an increase 
in research publications since 2000. Mizrakçi et al. 
(2021) identified 2020 as the year with the highest 
number of publications (n=254), while Destani et al. 

(2022) found a continuous rise in brucellosis 
publications in Iran, reaching a peak in 2019 and 2020. 
Bakri et al. (2018) reported that the highest number of 
papers was in 2002. 
  Focusing specifically on canine brucellosis, our 
study reveals a rising trend in the number of 
publications since 2011, with the highest number of 
articles (n=17) published in 2012 and 2014. This 
indicates a growing interest and recognition of the 
importance of studying this zoonotic infection. 
  Mizrakci et al. (2021) identified a total of 8,903 
articles on brucellosis spanning the years 1930 to 
2021, while Destani et al. (2022) extracted 816 
scientific publications on brucellosis conducted by 
Iranian researchers until 2020. In our study, which 
specifically focuses on canine brucellosis, we found 
316 articles published between 1980 and 2022. Bakri 
et al. (2018) focused on the 50 most cited articles in 
the field of Brucella studies. While none of the top 50 
articles specifically addressed canine brucellosis, the 
article identifies that within the topic of Brucella 
outbreaks, the article "Canine Brucellosis: Outbreaks 
and Compliance" by R. Bruce Hollet (2006) had the 
highest number of citations. In our own findings, 
Wanke M's article "Canine Brucellosis" (2004) ranked 
first, with "Canine Brucellosis: Outbreaks and 
Compliance" being the second most cited publication. 
The disparity in citation counts is believed to be 
attributed to the topics addressed in the content of 
the article. 
  The prominence of Veterinary Microbiology as the 
leading journal in canine brucellosis research is a 
noteworthy finding. Our study, along with Bakri et al. 
(2018)'s findings, emphasizes the significant role of 
this journal in publishing research on canine 
brucellosis. Additionally, the breadth of topics covered 
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Appendix A 

No Search query (Scopus) Result 

2 (TITLE("brucella canis") OR TITLE("canine brucellosis") OR TITLE("B. canis") 
AND NOT TITLE(babesia)) AND ( LIMIT-TO ( DOCTYPE,"ar" ) ) 

379 

1 (TITLE("brucella canis") OR TITLE("canine brucellosis") OR TITLE("B. canis") 
AND NOT TITLE(babesia)) 

415 

Appendix B 

No Search query (Web of Science) Result 

2 
“Brucella canis” (Title) OR "canine brucellosis” (Title) OR "B. canis" (Title) NOT 
babesia (Title) and Article  (Document Types) 

263 

1 
“Brucella canis"  (Title) OR "canine brucellosis"  (Title) OR "B. canis"  (Title) NOT 
babesia  (Title) 

316 
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by the articles demonstrates the multidimensional 
nature of canine brucellosis research. Diagnostic 
methods received significant attention, highlighting 
the importance of accurate detection techniques. 
Similarly, Destani et al. (2022) found that Iranian 
scientific publications on brucellosis primarily revolved 
around three main topics: prevalence, diagnosis, and 
treatment. Bakri et al. (2018) conducted an analysis 
that categorized their findings into different topics, 
such as genome sequencing, new species 
identification, molecular diagnostic tests, vaccination, 
pathogenicity, and case series. Our word cloud analysis 
of keywords further reinforces the evolving research 
focus and priorities in the field. 

Conclusion 

The bibliometric findings of this study can serve as a 
valuable reference for future research on canine 
brucellosis. Future studies could further explore the 
topic using terms such as "diagnosis" and "brucellosis", 
which were not analysed in depth within this study. 
Additionally, comprehensive studies could be designed 
using databases other than Scopus and WoS to provide 
a more comprehensive understanding of this 
important topic. 
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ABSTRACT 

Along with domestication, various changes in nutrition and digestion have occurred in horses as 
well as in all species. Our review aims to compile existing studies examining the role of nutrition 
and digestion in the emergence of undesirable behaviours in domestic horses. The success 
achieved in species with high adaptability has not been sustained by the change in breeding 
purposes over the years. Welfare, defined as the physical and mental health of animals. The 
responses of animals to various stimuli are defined as behaviour. Since the behaviour of animals 
plays a primary role in monitoring welfare, studies on animal behaviour have intensified. The 
development of undesirable behaviours complicates the care and management practices and 
negatively affects the welfare of the animals in the following periods, resulting in negative 
consequences for both the animal and its environment. Stereotypes, which are among the 
unwanted behaviours and exhibited in the form of purposeless, repetitive movements, are one of 
the biggest behavioural problems of horse breeding. Oral stereotypes impede food intake, 
locomotor stereotypes impede mobility and are instrumental in the emergence of chronic and 
more complex health problems. Other undesirable behaviours may also harm the horse's keeper 
and other horses kept together in the same box, resulting in serious injury. It is known that 
nutrition and nutrients affect the development of undesirable behaviours in horses. It is known 
that anticipatory behaviour creates a basis for repetitive behaviours as a result of inhibition when 
feeding time and nutrient content are out of preference or insufficient. The effect of nutrition and 
nutrient content on the emergence of stereotypes and undesirable behaviours has not been fully 
addressed and the subject remains up-to-date. The purpose of this paper is to provide a brief 
discussion of studies conducted to assess the effect of nutritional imbalances on stereotypic 
behaviour in horses. The PRISMA 2020 guidelines were applied to the review using systematic 
review rules  

Keywords: animal nutrition, behaviour, feed, stereotypes, horse. 

Horses have played an important role in human history for 
many years. After the industrial revolution, horse breeding 
evolved for sports and hobby purposes. Also, horses breed 
for meat and labour, but their share is small. In present 
conditions, it is important to have well-developed 
behavioural characteristics as well as physiological health in 
horse breeding, which is carried out with special care and 
feeding. In order to maintain continuity of growth and 
development and vital activities within physiological limits, 
nutrition and nutrient composition are of great importance. 
Diet varies according to species, breed, age, physiological 

phase and individual preferences are also important. 
Sensory factors such as taste and smell are known to vary 
between individuals.  It is also thought that diets that are 
disliked or not enjoyed sensually can cause restlessness. 
Housing problems are one of the main causes of stress in 
horses and are the main cause of undesirable behaviour. 
However, the fact that similar behavioural problems are 
observed in equestrian horses reared in good conditions and 
away from the stress of transport suggests that factors other 
than housing may also cause behavioural problems. 

Behaviour of animals is used to provide environmental 
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control and to develop a rapid adaptation (Kappeler, 
2010). Behaviours can be examined under many titles 
such as social behaviours, species/breed-specific 
behaviours, and reproductive behaviours. Behaviours 
that are outside of normal behaviours, aimless and 
repeated are defined as stereotyped behaviours. It is 
known that poor welfare and poor management 
conditions are effective in the occurrence of 
undesirable behaviours and stereotypes in horses 
(Waters et al. 2010; Sarrafchi and Blokhuis, 2013). 
Repetitive behaviours are frequently observed in 
individuals or group stabled horses, especially due to 
lack of space and nutrients (Johnson et al. 2010). The 
most common of these behaviours are crib biting and 
pawing, which can occur at a very young age as a 
result of nutritional deficiencies and stress. Crib-biting 
behaviour can be caused oral cavity injuries and colic 
pains that may develop due to air swallowing, can be 
economic damage to the stable equipment also 
negatively affect animal health and welfare (Eser and 
Erat, 2022). This situation also leads to poor 
performance in horses used for equestrian. 

 Feeding times are defined as periods of over 
excitement and frustration because the arrival of feed 
is a very exciting and gratifying event for the horses as 
same as other animals (Mills and Clarke, 2002). Many 
concentration feeds' delectable flavour and unusually 
high energy content can operate as super stimulants, 
raising anticipation before feeding (Goodwin et al. 
2005). This anticipation can be shown through 
stereotypic behaviours like pawing and circling, 
repetitive behaviour like kicking the stable door, and 
behaviour showing enthusiasm and arousal (van den 
Berg et al. 2016a; Eser and Erat 2022; Hockenhull and 
Creighton, 2023). 

 While examining the effects of nutrients on horses, 
studies were conducted on the reactivity, 
temperament and preferences of horses, but the 
direct effects of nutrients were not mentioned. 
Although it is known that preference orientations are 
not only affected by organoleptic characteristics, few 
studies showing that they are affected by some 
behavioural patterns. 

 This study aims to evaluate the studies examining 
the effects of feeding and nutrient contents on horse 
behaviour as a systematic review. 

 The literature review procedure (review, inclusion 
criteria, and data acquisition) was prepared according 
to the PRISMA-2020 guidelines (Page et al. 2020). The 
relevant diagram is given in Figure 1. 

 In the study, the literature was searched in both 
Turkish and English languages using the keywords 
“horse”, “stereotypes in horses”, “nutrition in horses”, 

and “nutrition and stereotype relationship” in the 
databases of Elsevier, Wiley and Google Scholar. Since 
there are not many studies on the subject, the year 
range is not specified. The researches obtained from 
the databases included in the study consisted of 3 
compilations, 2 printed book chapters, 1 pre-rehearsal 
article, 3 conference proceedings and all the remaining 
41 were original research articles. No ethical 
permission is required for the study. 

Figure 1. The PRISMA procedure followed in obtaining and 
using the literature reviewed in the study (Page et al. 2020). 

Feeding Behaviour and Food Preferences in Horses 

Feeding behaviours studies in herbivores have focused 
heavily on ruminants. However there are limited 
studies on food preferences in horses according to 
nutritient content (van den Berg et al. 2016b). 

 It has been observed that herbivores with grazing 
behaviours increase their bite size as the differences in 
grass height discrepancies grow. Foraging models 
indicate that herbivores should prefer long grass to 
short grass. Furthermore, the feeding region can be 
identified by intermediate biomass for optimal 
digestible nutrient intake, although there may be a 
trade-off between forage quality and quantity. The 
foraging models propose that herbivores should select 
tall grass over short grass. However, the feeding area 
can be characterized by intermediate biomass to 
optimize the uptake of digestible nutrients due to the 
trade-off between forage quality and quantity 
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(Catanese et al., 2013). This behaviour has been 
observed in studies on sheep (Naujeck et al., 2005) 
and cattle (Ungar et al., 2001), but few studies have 
investigated the feed preferences of horses (Naujeck 
et al., 2005; Ellis et al., 2005; Hanis et al., 2020a). 

 Horses get their food in small chunks and graze at 
short intervals without going too far from the area. 
Some studies reported that horses prefer foods with 
lower indigestible carbohydrate content (Naujeck et al. 
2005; Ellis et al. 2005; Hanis et al. 2020b). In addition, 
feeds with high energy content are preferred; in the 
absence of this type of feed in the environment that 
the energy need is met by increasing the amount and 
frequency of food intake (van den Berg et al. 2016c). 

 Physiologically, horses have evolved to consume 
structural plants that take significantly longer to chew 
than grains or processed feeds. Since chewing is the 
main stimulus for saliva production in the horse, the 
amount of saliva produced can also be compromised 
when feeding concentrates, which can affect 
subsequent digestion as well as buffering in the colon. 
The inclusion of dried shredded fodder or straw is 
becoming increasingly common. However, there are 
few studies on the effects of straw length or inclusion 
ratio on feeding behaviour (Ellis et al. 2005). 

 Horses graze for 12 to 18 hours a day in their 
natural habitat, but the amount of food and time they 
consume it in the shelter is often limited (Ellis, 2010 
and 2012; Harris et al. 2017; Raspa et al. 2017). 
According to Burla et al. (2016), agonistic behaviour 
was generally reported to be more intense at feeding 
times in group bred horses. Additionally, horses fed at 
timed feeding intervals exhibited more locomotor 
activity prior to feeding than horses fed at untimed 
intervals, although no difference was seen during 
feeding. Regardless of the feeding arrangement, it is 
strongly advised from an ethological perspective to 
supply not just grass but also hay. In another study, 
Cooper et al. (2005) revealed that the frequency of 
feeding in horses causes an overall increase in 
stereotypic behavioursThe study concludes that 
splitting up concentrated rations for barn horses into 
smaller meals may be an effective strategy to 
eliminate oral stereotypes, but pre-feeding 
stereotypes may still exist and practise may make 
stereotyped behaviours more frequent. Horses in 
visual contact but not fed. 

 Regardless of the preferred flavour, Cairns et al 
(2002) reported that horses preferred higher energy 
diets to lower energy diets. However, it has been 
hypothesised that ruminal fermentation, particularly 
when multiple feeds are provided at the same time, 
may make it difficult for horses to associate the chosen 

feed with the post-digestion results. Redgate et al. 
(2014), compared the effect of selecting three 
roughages in a simultaneous preference study when 
horses consumed a single type of feed rich in water-
soluble carbohydrates, lipids or protein. In the study, it 
was observed that feeds rich in water-soluble 
carbohydrates or protein were preferred, and it was 
concluded that the macronutrients in the diets 
triggered a response in the horses and activated the 
feedback mechanisms. 

Nutrient Composition and Behaviour Relationship in 
Horses 

Animal behaviour and its evaluation by various 
methods has become a popular topic in the scientific 
community in recent decades. As the general 
definition of behaviour, it is seen that there are many 
factors that have an effect. Although it is known that 
the most influential factor on behaviour is breeding 
and husbandry conditions and care, recent studies 
have tried to reveal that nutrient contents also lead to 
the development of undesirable behaviours through 
various physico-chemical pathways or habits (Gillham 
et al. 1994; Holland et al. 1996a; b; McBride and 
Hemmings, 2009; Ellis, 2010 and 2012; Hemmings and 
Hale, 2013; Roberts et al. 2015; Moore-Colyer et al. 
2016; Hanis et al. 2020b). Since nutrient intake is also 
driven by preferences, we cannot make a strong 
generalization about the effect of nutrient content on 
behaviour due to the influence of individual factors. 
Therefore, a conclusive statement similar to housing 
and care conditions has yet to be clarified. 

 Although there are intensive studies on roughage 
in animal nutrition, there is no comprehensive 
explanation. In general, there is limited research in 
other species on the carbohydrate and roughage 
components of rations, which are essential in 
ruminant diets. On the other hand, in studies with 
increasing descriptive features, roughages are 
mentioned as components that are not easily 
degraded with the enzymes, and their effects on 
physical satiety are continuing to be demonstrated (De 
Leeuw et al. 2008). In addition to physiological satiety, 
roughage should also be considered in terms of the 
animal busy with mastication, reducing stress and 
preventing the development of abnormal behaviours 
(Paintal, 1954; Rolls and Rolls, 1997; Cummings and 
Overduin, 2007; De Leeuw et al. 2008). 

 It is known that there is a connection between 
stereotypic behaviours and endogenous opioids in 
many species, especially horses (Gillham et al. 1994). 
According to Albright et al. (2017), one of the most 
effective crib-biting triggers, mediated by the opioid 
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and dopaminergic systems, is a highly appetising meal. 
Extremely appetising taste is still a potential 
contributing component to the concentrated diet, 
despite the possibility of gastric and post-gastric 
repercussions. 
  The effects of roughage and plain oat consumption 
on the crib-biting behaviour were examined and it was 
determined that they were not at the same level of 
effect in the studies. Studies have determined that as 
the preferability of the diet increases, endogenous 
opioids are released and the opioid, dopaminergic and 
glutaminergic neural systems are fed by feedback 
mechanisms (Albright et al. 2017). It has been 
observed that in horses fed alfalfa pellet, the crib-
biting stereotype begins within 10 minutes after feed 
intake, similar results are seen in horses fed with 
cereal grains with high carbohydrate content, and the 
stereotype is exhibited for 30 minutes (Gillham et al. 
1994). 
  To prevent obesity and weight gain in horses, hay 
intake is restricted. Ellis (2010), reported that horses 
exhibit food intake behaviour of 12.5+2.5 hours a day 
and this is necessary to protect both digestive system 
health and mental health. It is known that both 
physiological and mental balance is impaired in case of 
restriction of time or food intake (Ellis, 2012). A 
parallel study found that in Thoroughbred horses 
receiving less than 6.8 kg of fibre per day, stereotypic 
behaviour and feed limitation were positively 
correlated. After weaning, foals fed concentrated feed 
showed a 4 times higher incidence of crib-biting 
behaviour than other foals (Waters et al. 2002). 
According to Roberts et al. (2015), concentrated feed-
induced increases have been associated with 
dopamine neurotransmission and more intricate 
changes in neuroactive molecules including leptin and 
ghrelin (Hemmann et al. 2013; Hanis et al. 2020b). On 
the contrary side, bait reduces the intensity of crib-
biting (Hemmings and Hale, 2013), but the feeding 
time has no impact on locomotor activity in terms of 
typical or stereotypic behaviour over the course of a 
24-hour period (Piccione et al. 2013). For this reason, it 
is recommended to progressively introduce roughage 
to horses displaying crib-biting behaviour in order to 
prevent the onset of the behaviour and lower the 
frequency of stereotyped behaviour. 
  It is thought that dopamine released during the 
performance of oral stereotypes such as biting the 
wood and wind sucking the perpetuation of the 
stereotypes. For this reason, giving adequate feed and 
some substance for chewing or occupy the oral cavity 
in indoor horses is a great solution to prevent the 
formation of behavioural disorders (Moore-Colyer et 

al. 2016). 
  Foals supplied with a diet of fat and fibre were less 
stressed than those fed a diet of starch and sugar, 
according to Nicol et al. (2005). Horses' reduced 
responsiveness can be ascribed to high blood sugar 
levels following meals when they consume a lot of 
starch (Bulmer et al. 2015). If we evaluate the effects 
of macronutrients on horses diet choises, horses 
prefer protein and hydrolyzed carbs over fats, 
according to Redgate et al. (2014). The energy content 
has no bearing on the horses' preferred feed, 
according to van den Berg et al. (2016c). Similar to wild 
horses, it has been reported that they have 
complicated dietary habits and consume a variety of 
plant species that are high in fibre and low in calories. 
Additionally, it was proposed by van den Berg et al. 
(2016a; b) that organoleptic signals including taste and 
smell might affect nutritional choice. For instance, it 
has been said that silage preferred by horses than hay 
or straw. (Müller and Uden, 2007). According to a 
recent study, feed preferences in ponies are 
influenced by lateralization, smell, and excitability 
(Vinassa et al. 2020). Mares given hay continuously 
have better bodily conditions and higher reproductive 
rates than mares fed the same amount of roughage 
exclusively at night, according to reports. This is also 
effects to their well-being and behavioural patterns 
(Benhajali et al. 2013). 
  Limited studies have been conducted on the 
impact of nutrition on normal behaviour, reactivity, or 
stress reaction in horses, despite mounting evidence 
linking starch-rich diets to abnormal behaviour. 
Although commercial feed supplements that promise 
to lower general reactivity are frequently employed, 
there hasn't been much evidence of them having a 
detrimental impact on reactivity. There is, however, 
little proof that dietary lipids influence reactivity. 
Holland et al (1996a) reported that, horses were fed 
test diets with additional fat, observed lower 
sensitivity to pressure, auditory, and visual stimuli as 
well as decreased locomotion. Foals fed a diet high in 
fat and fibre had lower pre-weaning cortisol levels 
than foals fed a diet high in starch and sugar, 
according to Holland et al. (1996b). In the study, which 
also examined at the weaning behaviour of foals, it 
was discovered that, at least in part of the observed 
weaning groups, foals that got fat and fibre 
supplements demonstrated increased grazing 
behaviour and seemed less agitated. 
  Non-structural carbohydrates are prevalent in 
meals made of grains, which are frequently offered 
two or three times per day. However, high grain 
consumption is not compatible with the 
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gastrointestinal system of horses, and according to 
George and Harris (2007), this feeding method is 
linked to the emergence of gastrointestinal issues, 
including gastric ulcer disease and colic linked to 
hindgut dysfunction. Additionally, research on horses 
indicates that low-fibre diets put animals at a higher 
risk of exhibiting abnormal behaviours like 
stereotypes, potentially as a result of shortened eating 
intervals and visceral disturbance (George and Harris, 
2007). 

 Hanis et al. (2020), examined the frequency of 
locomotor or oral stereotyped and directed 
behaviours as well as their connection to regular 
management and feeding practises. Horses that are 
utilised for riding, equestrian, polo, endurance, and 
patrolling were chosen for the study and are housed in 
a variety of ways. Oral stereotypic behaviour was 
found to be most prevalent in the study. It has been 
found that the number of straws used, the 
concentration level, and the amount of time spent 
working all have a substantial impact on oral 
stereotypic behaviour. Another finding of the study 
was that the quantity and frequency of feedings had 
an impact on both locomotor stereotyped and 
redirected behaviours. The study's findings indicated 
that consistent management and feeding techniques 
can influence the frequency of various abnormal 
behaviours in the majority of working horses. 

 In a study that investigated the relationship 
between high-fibre diets and high-starch diets and 
behaviour of horses, behavioural activities connected 
to feeding a diet rich in fibre produced better results 
than providing a diet high in Fstarch. Giving horses a 
diet high in fibre is beneficial for their welfare and 
profitable from an economic standpoint, allowing the 
animals to express their feeding behaviour more fully. 
Animals that are excited or triggered have been 
observed to consume less feed with high energy 
content. It has been proven that fiber-based diets can 
be utilised to stop horses from acting out in 
undesirable behaviours in this way (Raspa et al. 2022). 

 The display of oral stereotypic behaviour has been 
shown to depend on meal times. Horses with the crib-
biting had a significant plasma ghrelin peak before a 
concentrated feed, according to Hemmann et al. (2012 
and 2013). After feeding, plasma leptin levels in crib-
biting horses were considerably lower than those in 
healthy horses. These results imply that more study is 
required to determine how nutrition affects ghrelin, 
leptin, and abnormal oral behaviour. Another study 
found that among the horse population under 
investigation, directed behaviour and oral stereotypes 
were the most common abnormal oral behaviours 

(Hanis et al. 2021). Both behaviours were found to be 
strongly related to nutritional qualities like dietary 
fibre and low straw content (Hanis et al. 2020 and 
2021). In other study suggests that, persistent 
observation of abnormal oral behaviours following 
meals may point to a lack of postprandial satiety 
(Hanis et al. 2023). 

Conclusion 

It is a well-known that poor care conditions and 
management lead to stress and low welfare in all 
animal species. The absence of suitable housing and 
management, which are key factors contributing to 
inadequate care, results in animal distress and 
undesirable behaviours. However, the lack of 
sheltering space restricts the normal behaviour, and 
increases the development of abnormal behaviours 
and stereotypes. Reproduction and feeding conditions, 
which are the leading environmental factors in horses, 
are of great importance on behaviours as well as 
quantitative characteristics. Inadequate and unhealthy 
feeding, which is one of the care deficiencies, causes 
both physical and physiological problems in animals 
and negatively affects welfare. Although there are 
many studies on animal welfare care conditions and 
shelter characteristics, the effect of nutrition and 
nutritional characteristics on welfare indicators has 
not been fully explained. Studies have shown that 
feeding time and frequency can affect behavioural 
patterns in animals. It has also been reported that diet 
can lead to various repetitive behaviuors in animals 
and trigger abnormal behaviours, often referred to as 
stereotypes. The feed preferences, which are thought 
to have developed in the evolutionary process 
depending on the digestive physiology of the horses, 
were determined as the feeds containing 
carbohydrates with high digestibility. Considering the 
energy intake, it has been obtained as a result of the 
studies that the energy is kept in balance by increasing 
the amount of feed. Considering the nutrient content, 
it was found that malnutrition in animals caused oral 
stereotypes; it was concluded that deficiencies in the 
ration structure, depending on the rearing purpose 
and activity, may trigger other abnormal behaviours. In 
horses, preoccupation has been identified as a method 
of coping with the stress of individual housing and has 
been reported to account for a large proportion of 
chewing behaviour. It has been reported that horses 
whose chewing behaviour is restricted by feeding low 
roughage diets become mentally fatigued and increase 
undesirable behaviours.  Although there are many 
issues to investigate regarding the effect of diet 
composition on behaviour, the number of available 
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studies is relatively small. The limited number of 
studies on the identification of secondary factors in 
the development of stereotypic behaviour in horses 
has meant that the subject under discussion in this 
review has not been supported by sufficient literature. 
Although many titles on the effect of diet composition 
on behavioural patterns need to be examined, the 
number of available studies is very few. Considering 
the developments in the field of animal nutrition and 
behaviour, it is clear that more multidisciplinary 
studies investigating the effects of diet and nutrient 
content on equine behaviour are needed. 
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