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Abstract
Oxytocin (OXT) and serotonin (5-HT) are essential neurotransmitters associated with the 
behavior of animals. Recently, we found that the plasma concentration of OXT is positively 
correlated with horse docility and friendliness toward humans. However, the relationships 
between the neurotransmitters and other temperaments such as fearfulness, dominance, 
and trainability are unknown. This study aimed to identify whether the plasma concentration 
of OXT or 5-HT is correlated with fearfulness, dominance, and trainability of horses. Blood 
samples of 34 horses were collected at the Horse Industry Complex Center of Jeonju Kijeon 
College. The concentration of OXT and 5-HT was measured in the plasma samples using en-
zyme-linked immunosorbent assays. The fearfulness, dominance, and trainability of horses 
were scored by three professors who were very familiar with the horses. One-way analysis 
of variance with the least significant difference post-hoc analysis was used to compare the 
scores for fearfulness and dominance among groups. The trainability of horses was com-
pared using the student t-test. The 5-HT was negatively correlated with dominance, but it had 
no relation with fearfulness. The OXT appeared to be negatively correlated with fearfulness 
and dominance in horses. Furthermore, OXT was positively correlated with the trainability of 
horses. Additionally, 5-HT appeared to enhance trainability. In conclusion, the concentration 
of OXT or 5-HT in horse blood plasma can be used as a biomarker to monitor the fearful-
ness, dominance, or trainability of horses.
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INTRODUCTION
The unpredictable behavior of horses can cause substantial problems [1]. Generally, horse behavior 
is related to the temperament of horses. Thus, the temperament of horses should be determined to 
prevent potential hazards during horse management [2,3]. Temperament is regarded as a collection of 
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behavioral trends based on the circumstances that animals experience from birth to maturity [4,5]. 
Thus, it is possible to predict the behavior of horses by assessing their temperament. Interestingly, 
there is strong evidence that the temperament of animals is associated with neuroendocrine systems. 
In rodents, oxytocin (OXT) and serotonin (5-hydroxytryptamine, 5-HT) are related to aggression, 
sociality, or affiliation [6,7]. A correlation between OXT concentrations and social behavior has also 
been found for humans [8,9]. Based on these results, the temperament of horses can be assessed by 
measuring blood concentrations of neurotransmitters. Recently, we reported that the concentration 
of OXT in horse plasma is positively correlated with docility and friendliness toward humans [10]. 
However, the correlation between the concentration of OXT or 5-HT in horse plasma with other 
characteristics of temperament, such as fearfulness, dominance, and trainability still needs to be 
elucidated.

In other species, OXT is released into the bloodstream by nerve signals, affecting animal 
behavior for a long time [11,12]. OXT decreases the fear of rats by directly affecting the amygdala 
[13], and it plays a role in inhibiting the ignition of noradrenergic locus coeruleus neurons, thereby 
restraining dominance and aggression in rats [14,15].

5-HT is one of the key factors determining the temperament of animals [16,17]. In pigs, tail 
biting is a prevalent problem caused by fearfulness and stress [18]. Tail biters have lower blood 
5-HT concentrations than pigs that do not tail bite [19]. Additionally, higher concentrations of 
5-HT in hamsters leads to lower levels of dominance behavior [20]. 

Based on findings for horses and other species, it is hypothesized that horses with a high 
concentration of OXT or 5-HT show lower levels of fearfulness and dominance behavior. Also, 
as sociality may also be associated with trainability, the OXT or 5-HT may be possibly associated 
with the trainability of horses. Thus, the objectives of this study were to identify whether the 
concentration of OXT or 5-HT in horse plasma is correlated with fearfulness, dominance, or 
trainability. The results of this study can be used to monitor temperament or specific behavioral 
tendencies and to inform suitable management and breeding programs of horses [21]. 

MATERIALS AND METHODS
Animals
This study was conducted at the Horse Industry Complex Center of Jeonju Kijeon College 
in Korea. The research was approved by the Animal Experimentation Ethics Committee of 
Kyungpook National University (permit number: 2020–0131). A total of 34 horses (aged 2–24 
years; 23 mares and 11 geldings), comprised of 15 Thoroughbreds, nine Ponies, five Warmbloods, 
and five Haflingers, were used for this study. The horses were housed in individual stables (3.5 × 3.5 
m) with an automatic water supply. Horses were fed with the total amount of roughage (1.5% of 
body weight [BW]) and concentrate (0.5% of BW) per day. Horses were used for several purposes 
such as competition for show-jumping or dressage, therapeutic riding, or schooling. 

Blood sampling
Approximately 10 mL of blood samples were collected from the jugular vein of horses. Collected 
samples were immediately placed in an EDTA tube and stored in a 4℃ icebox. To check the health 
status of the horses, the complete blood count test was immediately performed on-site using a 
VETSCAN HM5 Hematology Analyzer (ABAXIS, Union City, CA, USA). Blood samples of 
horses with no health problem and normal neutrophil/lymphocyte ratio were used. The blood 
samples were transported to the laboratory within 6 h and then, they were centrifuged to obtain 
plasma using a centrifuge machine (Labogene 1248R, Gyrozen, Daejeon, Korea) at 25℃ for 10 
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mins at 1,500 g. The plasma was collected and kept at −20℃ until further analysis.

Enzyme-linked immunosorbent assay analysis
The concentration of OXT and 5-HT in each plasma sample was analyzed using an enzyme-
linked immunosorbent assay (ELISA) kit (OXT: MBS033475, 5-HT: MBS037450, MyBioSource, 
San Diego, CA, USA). The sensitivities of 5-HT and OXT ELISA kit were 2.0 ng/mL and 1.0 
pg/mL, respectively. The plasma samples were read at 450 nm on a Sunrise absorbance microplate 
reader (Tecan, Männedorf, Switzerland). The intra-assay variations for 5-HT and OXT were 3.55% 
and 3.23%, respectively. The inter-assay variations for 5-HT and OXT were 7.80% and 8.67%, 
respectively.

Questionary for the assessment of horse temperaments
The degree of fearfulness, dominance, and trainability of horses were scored by three professors who 
were familiar with the horses. The score for each temperament of horses was given based on the 
criterion (Table 1). The degree of fearfulness was indicated by how much fear the horses displayed 
to unfamiliar reactions and how far they kept their distance from humans so that they were not 
caught [22]. The degree of dominance was indicated by the tendency of the horses to gain the 
upper hand over strangers or other horses and get priority of access to feed [23, 24]. The degree of 
trainability was indicated by the willingness of horses to be trained and the time required to achieve 
the desired response [25]. The scores for each temperament were set at zero to five points; low (zero 
or one point), medium (two or three), high (four or five). Each grade of horse temperament was 
adopted as the average value of the points.

Statistical analysis
All statistical analyses performed in this study used SPSS Statistics V25 (IBM, Armonk, NY, 
USA). One-way analysis of variance with the least significant difference post-hoc analysis was 
used to compare the concentration of neurotransmitters among three groups with different degrees 
of fearfulness and dominance. The concentration of neurotransmitters was compared between 
medium and high trainability groups using the student t-test. The values whose IQRs exceed two 
terms of the first and third quartile of raw data were excluded as outliers. p-values below 0.05 were 
considered significant. All data were presented as mean ± standard error (Tables 2,3, and 4).

RESULTS
Relationship between plasma concentration of oxytocin and serotonin and the 
fearfulness of horses
The plasma concentration of OXT seems to be negatively correlated with the degree of fearfulness. 
Horses with lower plasma OXT concentrations appear to show a higher degree of fearfulness 
although it was not statistically significant (p = 0.054, Table 2). However, no difference in plasma 

Table 1. The criteria used for assessing equine temperament
Temperament Behavioral characteristics Score system

Fearfulness Keeping distance from someone unfamiliar
Reacting a rapid and excessive response to new stimuli

High (4–5)

Dominance Trying to gain the upper hand over someone unfamiliar
Trying to gain the upper hand in the fight for food Medium (2–3)

Trainability Willing to follow instruction during overall training sessions
Achieving the training goal sooner Low (0–1)
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5-HT concentrations was found among high, medium, and low fearfulness groups (Table 2).

Relationship between plasma concentration of oxytocin and serotonin and the 
dominance of horses
The plasma OXT concentrations were not significantly different among high, medium, and low 
dominance groups. However, horses with low plasma OXT concentrations tended to be more 
dominant than those with high plasma OXT concentrations (p = 0.087, Table 3). The plasma 5-HT 
concentration in the high dominance group was significantly lower than those in the low and 
medium dominance groups (p = 0.009, Table 3). Interestingly, there was no significant difference in 
the plasma 5-HT concentration between the medium and low dominance groups (Table 3). 

Relationship between plasma concentration of oxytocin and serotonin and the 
trainability of horses
There was a significant positive correlation between the plasma OXT concentration and the degree 
of trainability (Table 4). The horses grouped in the high trainability had significantly higher plasma 
OXT concentrations compared with those grouped in the medium trainability (p = 0.02, Table 4). 
The plasma concentration of 5-HT was not significantly correlated with the degree of trainability. 
However, the plasma 5-HT concentration tended to be higher in the group of high trainability 
group compared with those in the medium trainability (p = 0.054, Table 4).

DISCUSSION
This study was performed to determine the relationship between plasma concentrations of OXT 
and 5-HT with fearfulness, dominance, and the trainability of horses. We found that plasma 

Table 2. The mean concentrations of oxytocin and serotonin in horse blood plasma for different degrees 
of fearfulness in horses

Neurotransmitters
Degree of fearfulness

Low (n = 13) Medium (n = 5) High (n = 11)
OXT (pg/mL) 47.33 ± 2.42 46.13 ± 2.53 41.16 ± 1.92

5-HT (ng/mL) 94.54 ± 5.99 103.19 ± 7.39 82.85 ± 6.06

Table 3. The mean concentrations of oxytocin and serotonin in horse blood plasma for different degrees 
of dominance in horses

Neurotransmitters
Degree of dominance

Low (n = 9) Medium (n = 17) High (n = 3)
OXT (pg/mL) 47.86 ± 2.78 44.19 ± 1.76 38.89 ± 3.94

5-HT (ng/mL) 98.81 ± 6.95a 93.54 ± 3.97a 58.96 ± 12.08b

a,bMeans in the same row with different letters are significantly different (p < 0.05).

Table 4. The mean concentrations of oxytocin and serotonin in horse blood plasma for different degrees 
of trainability of horses

Neurotransmitters
Degree of trainability

Medium (n=16) High (n=13)
OXT (pg/mL) 41.82 ± 1.56a 48.42 ± 2.25b

5-HT (ng/mL) 84.86 ± 5.21 99.89 ± 5.20
a,bMeans in the same row with different letters are significantly different (p < 0.05).
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OXT concentration and the degree of fearfulness appeared to be negatively correlated, which is in 
agreement with other studies showing that OXT reduces fearfulness in many species, including 
humans [26]. In humans, it was found that treatment with OXT reduced the fearfulness of 
individuals suffering from social anxiety disorder [26]. Furthermore, OXT has been shown to 
enhance trust and commitment to others in situations of possible social risks in interpersonal 
relationships by reducing fearfulness [27]. A group of rats expressing a low concentration of OXT 
receptor in the central nucleus of the amygdala showed higher fearfulness and vice versa [28]. These 
results are consistent with our finding that horses with a low concentration of plasma OXT tended 
to be fearful. In contrast to OXT, the plasma concentration of 5-HT was not correlated with the 
degree of fearfulness in horses. The absence of a relationship between 5-HT concentration and 
the degree of fearfulness was also found in pigs. Pigs raised in a barren cage and assumed more 
fearful showed no significant difference in blood concentrations of 5-HT when compared with 
those raised in enriched cages and assumed less fearful [19]. This result indicates that 5-HT is not 
associated with the fearful temperament of horses. 

In this study, a negative correlation was found between the plasma concentration of 5-HT and 
horse dominance. Similar results were reported for dominant rats. Dominant rats treated with 
fluoxetine, a selective 5-HT reuptake inhibitor, showed a more equal partnership with subordinate 
rats [29], proving that 5-HT inhibits dominance in rats. This result supports the fact horses with 
higher concentrations of 5-HT in the plasma have a less dominant temperament. 

There was a negative correlation between the concentration of plasma OXT and the level 
of dominance in horses, which is similar to findings that OXT leads to better interpersonal 
relationships in macaque monkeys by flattening the dominance hierarchy [30]. Animals with a 
dominant temperament show fewer interactions with other animals and humans [31–33]. A group 
of animals with fewer interactions with the same species or humans had a low concentration of 
OXT. A group of sows showing low concentrations of OXT had fewer interactions with humans 
[34]. In cattle, heifers with low postnatal plasma OXT concentrations were found to show less 
affinity behavior than those with higher postnatal plasma OXT concentrations [35]. Overall, OXT 
plays a role in down-regulating dominance, which is followed by more social behaviors. Thus, 
previous research supports our finding that OXT lowers the dominant temperament in horses.

Data in this study indicated that the plasma OXT concentration was positively correlated with 
trainability in horses. The same result was also demonstrated in dogs. Due to the influence of 
OXT, dogs showing more willingness to work with trainers exhibited high levels of trainability and 
getting trained quicker [36]. This result supports our speculation that a high concentration of OXT 
can enhance the interrelationship between horses and humans, and this relationship is associated 
with higher trainability. 

In this study, although it was not statistically significant, a positive correlation between the 
concentration of 5-HT in horse blood plasma and the trainability of horses appeared to be present. 
Interestingly, in humans, the depletion of 5-HT caused several problems such as decreasing 
the level of cooperation and being discredited between partners [37]. Combining the results in 
horses and humans, 5-HT appears to play a positive role in cooperation and trust, leading to high 
trainability.

CONCLUSION
The OXT and 5-HT may be used as biomarkers to monitor the fearfulness, dominance, and 
trainability of horses. As a further study, the effects of treatment with these neurotransmitters on 
transit temperaments of horses should be conducted.  
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