Assessment of horses’ welfare: Behavioral, hormonal, and husbandry aspects
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 A b s t r a c t 

Horse practitioners have difficulties with undesirable behaviors exhibited by their horses (Equus caballus ), such as cribbing, weaving, or head shaking. It has been suggested that most of behavioral disorders originate from the animals’ attempt to cope with a suboptimal environment. To evaluate animal welfare, it is important to consider both behavioral and physiological parameters. Studies on animal welfare underline the importance of the monitoring of hormonal concentrations, particularly hormones that indicate stress, such as cortisol. The aims of this research were to compare cortisol and dehydroepiandrosterone (DHEA) concentrations of 14 healthy horses (HH) and 40 horses displaying behavioral pathologies (BPHs), to calculate the cortisol-DHEA ratio as marker of chronic stress and to find a relationship between aspects of horses management and the presence of BPHs. The methodology of radio-immuno-assay was used, to determine cortisol and DHEA levels in blood and hair. A questionnaire was completed by horse owners or barn managers and used to investigate the different characteristics of boarding barns, where the horses were housed. BPH horses registered a significantly (P < 0.05) higher plasma cortisol/DHEA ratio value than HH horses. It is possible that BPH horses suffer chronic stress, which might cause a dysfunction of hypothalamic-pituitary-adrenal. A positive correlation was found ( P < 0.05) between the presence of BPH, time spent in stall and the frequency of work. Moreover, a low fiber, high-energy diet appeared to contribute to the development of BPHs. This study underlines the importance of a multidisciplinary approach to the evaluation of horse welfare. The improvement of welfare is closely correlated to a de- creased risk of the development of stereotypic or undesirable behaviors, and a better understanding of equine ethological needs is fundamental to advances in this area.

Introduction

A stereotypy has been defined as the excessive repetition of the same motor activity, which remains unchanged over time without any apparent goal or short-term effect (Mason, 1991). Specific veterinary conditions such as brain damage, stress or frustration, environmental conditions that lack sufficient stimulation or do not accommodate the ethological and physiological needs of the animal, 

can lead to the development of stereotypic behaviors. For example, horses can develop these abnormal behaviors because of management and handling factors, such as feed restriction (lack of grazing), social isolation, or lack of exercise (Sarrafchi and Blokhuis, 2013). Many researchers have used the presence of stereotypies as an index of poor welfare (Mason, 1991; Mason, 2006; Sarrafchi and Blokhuis, 2013; Roberts et al., 2017). However, the display of stereotypical behaviors may not depend on current husbandry conditions, as it may have developed during a previous experience of poor welfare. Indeed, during suboptimal conditions, stereotypies can become habits and not linked from the original stressors. In such case, these behaviors are difficult to eradicate even after the improvement of conditions of husbandry and management (Swaisgood and Shepherdson, 2005 ; Henderson, 2007 ; Hothersall and Casey, 2011 ). Stereotypies are characterized by regular, peri- odic, and predictable behaviors, which are always repeated in the same manner (Mason, 2006). Stereotypies do not appear to have a specific function or purpose, in contrast to the variability and relative unpredictability of functional and adaptive behaviors (Cooper and Albentosa, 2005 ; Hothersall and Casey, 2011 ). Stereotypies and other undesirable behaviors, such as redirected and avoidance behaviors, are often complained about by horse practitioners, who consider these behaviors dangerous and economically unfavorable, causing a loss of value and a depreciation of the animal (s.e. in case of redhibitory defects; Hothersall and Casey, 2011). Owners often define stereotypies “vices” and consider them as detrimental for the animals, although scientific evidences about the consequences of these behaviors on health are scarce ( Cooper and Al- bentosa, 2005 ; Hothersall and Casey, 2011 ). Behavioral problems in horses can be categorized into 3 groups ( McDonnell, 2003 ; Zeitler-Feicht, 2004 ): • oral stereotypies, such as crib-biting, wind-sucking, wood- chewing, teeth grinding, self-mutilation, coprophagy, lip smacking; • locomotor stereotypies, such as weaving, stall-circling, head- nodding, wall-kicking; • social problems involving human beings or conspecifics, training problems (such as reluctance to move forward or leave the paddock or horse stall and defensive or aggressive behaviors when saddled)and phobic responses (such as separation anxiety, aggressive behaviors, overreaction to environmental stimuli, problems loading into a trailer). On the farm, animals are in a confined environment and they are prevented from completely expressing their natural behaviors, so they may develop stereotypies (Lewis et al., 2006). Isolation and confined environment are imposed on the animals by humans and they can cause a state of anxiety, frustration, and boredom and a negative affective states included in the fifth do- main (“Mental state”) of the Five Domains Welfare Model proposed by Mellor and Reid in 1994 (Mellor, 2017). This model considers how physical/functional states and external circumstances (“Nu- trition”, “Environment”, “Health,”and “Behavior”) influence the mental experiences of the animals (“Mental state”), defining their state of welfare (Mellor and Reid, 1994; Mellor, 2017). Behavior is an important indicator to assess animal welfare, but it is not the only one. Indeed, a suboptimal environment and management practice can influence physiological parameters and the animals’ health (Marashi et al., 2003; Cooper and Albentosa, 2005; Carenzi and Verga, 2009). Stressful conditions may affect endocrinologic mechanisms and immune system, which both should be considered in the assessment of animal welfare (Marashi et al., 2003; Carenzi and Verga, 2009; Brown and Vosloo, 2017; Popescu and Diugan, 2017 ). The physiological indicators of welfare can be challenging to measure, but non-invasive methods, such as infrared thermography, heart rate evaluation, and quantification of salivary immunoglobulin-A, have become established in animal welfare science (Mmanus et al., 2016 ; Whitham and Miller, 2016 ; Zupan, 2016 ; Staley et al., 2018 ). In particular, the investigation of the activation of the neuroendocrine system (hypothalamic-pituitary- adrenal [HPA] axis) through the measuring of cortisol levels is useful to determine acute and chronic stress ( Mormede et al., 2007 ; Palme, 2012 ). High blood cortisol level reflects acute stress. How- ever, the collection procedure of blood can disturb the animal and cause the rise of cortisol concentrations, so the use of other matrices (s.e. saliva, urine, feces, hair/horsehair) has been proved to be a useful noninvasive alternative method (Mormede et al., 2007; Bennet and Hayssenn, 2010 ; Palme, 2012 , 2019 ; Heimbürge et al. 2019 ). In particular, the analysis of cortisol in hair can be used to assess long-term or chronic stress. During its growth, hair incorporates cortisol, so the concentration of the hormone in hair reflects its secretion over a prolonged period (Stalder and Kirschbaum, 2012; Heimbürge et al., 2019). Another marker of adrenocortical activity and rise in response to stressful events is dehydroepiandrosterone (DHEA). DHEA is produced in the zona reticualris of the adrenal glands and has opposing functions to cortisol (Kamin and Kertes, 2017). It has also been reported that horses show a rise in DHEA following acute stress (such as castration, acute abdominal syndrome, or acute disease) and the release of Adrenocorticotropic Hormone (ACTH) (Ayala and Martos, 2013). Calculating the cortisol/DHEA ratio can be considered as the correct approach to study the relative abundance of the 2 hormones and determine which is preferentially produced (Kamin and Kertes, 2017). Depending on the nature and duration of stress, a prolonged or a repetitive stress can be followed by both an upregulation or a downregulation of the HPA activity (Miller et al, 2007; Lupien et al., 2009; Kamin and Kertes, 2017). The aim of this study was to test the differences in behavioral and endocrinologic indicators (plasmatic and horsehair DHEA and cortisol) between horses under varying management conditions, identifying which management factors might have compromised the welfare of the animals and led them to develop behavioral problems. Most of the studies about DHEA refer to human beings, and there has been little research about animals and particularly horses. Therefore, this study can be considered as innovative.

Materials and methods

Horses

Fifty-six horses were analyzed from 9 different barns. The horses analyzed were 42 horses that displayed either stereo- types or behavioral pathologies (BPHs) and 14 healthy horses (HHs), without any behavioral problem (HH; Table 1). The BPH showed: oral stereotypies, locomotor stereotypies, social problems, and training behaviors. The BPHs were identified by a veterinarian, according to their clinical presentation and the clinical history of the animals and their completed questionnaire (Appendix 1). All animals were involved in competitive activities. Two horses of BPH group were excluded from the hormonal determination, because of the lack of plasma samples.

Study design

The research was made into different barns and was divided into 2 parts. During the first part, cortisol and DHEA concentrations were measured in BPH and HH from plasma and horsehair samples. In the second part, the main aspects of horses’ manage- ment were assessed by a questionnaire and the prevalence of BPHs were studied accordingly. Hormonal analysis was conducted in all horses. Samples were collected from June to July. 
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Blood and horse- hair samples were taken from the horse at the same time and they were identified using horse’s name, date of sampling, owner of the animal and the barn. Questionnaire As the barns had different facilities and spaces and the management approach varied between them, a questionnaire (Appendix 1 in Supplementary materials) was made to know the horses’ daily barn routine. Information from feeding programs, to training, thermal regulation, and stall size were registered during an interview with the horse’s owner or barn manager. Thirty-two questionnaires were analyzed and used for data analysis (HH, N = 14; pathological horses, BPH, N = 18). The information obtained through the questionnaires allowed the identification of 29 parameters regarding: stall, paddock, nutrition, and work. Then, different classes were created and ordered by number (Table 2). Blood samples Blood samples (20 mL) were taken from the jugular vein through venojet (Terumo Italia Srl, Roma, Italy) with Na-heparin as anticoagulant. Using a cooler (+ 4 °C), all blood samples were transferred to the laboratory within 4 hours. Samples were centrifuged at 40 0 0 g for 10 minutes, in order to separate the cellular component and the plasma. The plasma was divided into aliquots and stored at −20 °C until the determination of cortisol and DHEA concentrations. Horsehair samples Horsehair was cut at the base of the hair shafts using scissors and put in plastic bags with hermetic seals, transferred to the lab- oratory within 4 hours and stored at −20 °C until the analysis for the determination of cortisol and DHEA.
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Cortisol and DHEA determination

Hormone extraction from plasma. For the extraction of steroid hormones from plasma, 5 mL of diethyl-ether (BDH Italia, Milan, Italy) were added to100 μL of plasma. All samples were agitated with multivortex for 30 minutes and then centrifuged at 20 0 0 g for 4 minutes at 4 °C. The ethe- real extracts were transferred into glass tubes and evaporated un- der airflow at 37 °C. The dry-residues containing steroid hormones were dissolved in 0.5 mL of 0.05 M phosphate buffer with bovine serum albumin (BSA), pH 7.5 (Tamanini et al., 1983). Hormone extraction from horsehair Horsehair samples were trimmed into 1-3 mm length fragments. Sixty milligrams of trimmed horsehair were put in a glass vial with 5 mL methanol and incubated at + 50 °C with gentle shaking for 18 hours. The vial content was filtered and the methanol extracts were dried under an under airflow at 37 °C. The dry- residues were dissolved in 0.6 mL of phosphate-buffered saline (0.05 M with BSA), pH 7.5 (Accorsi et al., 2008 ). Cortisol assay Cortisol assay in both horsehair and plasma was performed in duplicate, following the method described by Tamanini et al. (1983). One-hundred microliters of 3 H-cortisol (specific activity 100 Ci/mmol, amount 30 pg/tube vial ≈12,771 dpm/100 μL) and 100 μL of an anticortisol antibody (dilution 1:20,000) were added to 100 μL of the solution obtained from glucocorticoid extraction. After incubation at + 4 °C for 18 hours, free steroid hormone was separated from bound with the addition of 1 mL of a 1% charcoal and 0.025% dextran solution (Sigma Chemical Co.), and the incubation at + 4 °C for 15 minutes, followed by centrifugation (40 0 0 g, for 4 minutes at + 4 °C). The supernatant containing the hormone bound to its antibody was decanted into scintillation vials and measured in a liquid scintillation β-counter (Perkin-Elmer Life Sci- ence Inc.). Validation parameters of the analysis were: sensitivity 0.26 pg/mg; intra-assay variability 6.8%; interassay variability 9.3%. DHEA assay Horsehair and plasma DHEA extracts were quantified using a microtiter radio-immuno-assay (RIA; Gabai et al., 2004). Mi- croplates (96-well, Optiplate, Perkin-Elmer Life Science) were coated with goat antirabbit γ-globulin serum (1:10 0 0 in 0.15 mM sodium acetate buffer, pH 9, by incubating overnight at 4 °C. The plates were washed twice with phosphate-buffered saline, 0.1% BSA, pH 7.4 (RIA buffer and incubated overnight at 4 °C with 200 μL of a commercial anti-DHEA-7-carboxymethyloxime-BSA (Biogenesis, Poole, UK; dilute 1:20,0 0 0). The antiserum showed the following cross reactions: DHEA 100%, 5 α-androstane-3 α, 17 β-diol 6.3%, androstenedione 1.3%, testosterone 0.1%, and other related com- pounds < 0.05%. Afterward, the antiserum solution was decanted, and plates were carefully washed with RIA buffer. Finally, standards, quality control, and unknown extracts were added, and plates were incubated overnight at 4 °C (incubation volume: 200 μL). The tracer was [1,3,6,7 3 H] DHEA (Perkin-Elmer Life Sciences; specific activity: 71 Ci/mmol; 30 pg/well). The standard curve was made by serially diluting (1.56-200 pg/well) a solution of DHEA (Sigma, Milan, Italy). The separation of bound from free hormone was performed by decanting the reaction mixture. Bound radioactivity was β-counted (Top-Count, Perkin-Elmer Life Sciences), af- ter the addition of scintillation cocktail (200 μL/well; Microscint 20, Perkin-Elmer Life Sciences). Samples were analyzed in triplicate. The sensitivity of the assay was 1.56 pg/well. The results of the intra- and interassay precision test, expressed as coefficients of variation, were 7.4% and 7.2%, respectively.

Statistical analysis

Statistical analysis was conducted using R Software (R version 5.3.1.). In order to investigate the relationship between the 29 dependent variables investigated with the questionnaire (Table 2) and the dichotomous variables HH and BPH (horse’s group), the chi- square test was performed. However, when the frequencies were low (under 5 cases), the Fisher’s test was employed. The statistical comparisons between the hormonal data of the 2 groups were conducted using nonparametric (Wilcoxon) or para- metric (Student t test) tests, depending on the distribution of the data, investigated through the Shapiro-Wilk normality test. Differences and correlations were considered statistically signif- icant at P value < 0.05.

Results

Hormonal levels

The concentrations of horsehair and plasma cortisol were not significantly different between groups (P = 0.26 and P = 0.44) be- tween HH and BPH (Figures 1 and 2). Horsehair and plasmatic DHEA concentration did not show any significant differences (P = 0.84 and P = 0.21; Figures 3 and 4 ). The horsehair cortisol/DHEA ratio was not different between groups (Figure 5 ), while the plasma cortisol/DHEA ratio was sig- nificantly lower in HH than BPH ( P < 0.05; Figure 6 ). 
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Analysis of different models of stabling 
The statistical analysis revealed significant differences between the 2 groups only for a few of the variables considered in the questionnaires: time spent in horsebox or in paddock; forage; type of alfalfa; weekly frequency of work; behavior close to mealtime (Table 3). The time spent in a stall or in a paddock was one of the variables found to be significant (P < 0.05); indeed, the horses that display pathological behavior spent less time or no time at all in paddock compared to the control animals. The other 2 variables were the type of forage, which approached significance (P = 0.053), and the type of alfalfa, which was significant (P = 0.047). The HHs were fed with hay from mixed-grass meadows 3 times per day and ate only fresh alfalfa. On the contrary, the BPHs ate hay from mixed-grass meadows once or twice a day and their feed rations were completed by dried or pelleted alfalfa or alfalfa with molasses, but not fresh alfalfa. The frequency of work resulted significantly different (P < 0.05) among groups. Indeed, the 79% of HH had a work frequency lower than 3 times per week, whereas most of the horses of BPH worked more than 4 times per week. Only the 33% of BPH had a work frequency lower than 3 times per week. Finally, the horses’ behavior close to the time significantly differ between the 2 groups (P < 0.01) and a higher percentage of BPH than HH shows very anxious behaviors close to the mealtime. The distribution of the horses in the classes is represented in Figure 7. 
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Discussion
The study considers both behavioral and hormonal parameters, and it investigated which aspects of management can influence the presence of abnormal behaviors. Stress is an important factor to consider in the assessment of animal welfare. Plasma cortisol levels usually reflect acute stress and the activation of the HPA axis occurs after a few minutes from the presentation of a stressor. For example, blood sampling procedures themselves can be considered as a stressor, which can alter cortisol results (Bennet and Hayssenn, 2010; Palme, 2012). The results of this study show that HH and BPH did not present any sig- nificant difference in cortisol levels. This result agrees with other previous studies, which have underlined the lack of a correlation between horses affected by crib biting and blood cortisol levels (Bachmann et al., 2003; Hemmann et al., 2012). It can be assumed that the activation of the HPA axis during acute stress is similar between the 2 groups. In this research, the plasma cortisol/DHEA ratio is significantly higher in BPH than in HH. This may suggest that the BPH horses are suffering from the consequences of long-term stress. This hy- pothesis is supported by the presence of stereotypies and the behavioral disorders that they have developed. Unfortunately, the clinical history of the BPH is not available, and we do not know when the BPHs began. This limitation could be overcome by col- lecting the history of each subject in greater depth and interviewing any previous owners. During long-term stress, HPA axis try to maintain high level of cortisol, so it changes the metabolism of pregnenolone and it causes an increase of cortisol at the ex- pense of androgens. This condition leads to a decrease in the activity of the enzymes responsible to produce DHEA in the cells of the zona reticularis (Lennartsson et al., 2013; Kamin and Kertes, 2017). Therefore, subjects chronically stressed produce less DHEA in response to an acute stressor and it cause an increase of the plasma cortisol/DHEA ratio (Lennartsson et al., 2012, 2013; Kamin and Kertes, 2017). The continuous activation of HPA axis can cause adrenal fatigue and a decrease of DHEA, followed by a decrease of cortisol ( Kamin and Kertes, 2017 ). The cortisol/DHEA ratio measured in horsehair extracts was not significantly different between BPH and HH. This finding is in contrast with the cortisol/DHEA ratio measured in plasma of our horses, as in the long-term cortisol and DHEA accumulation in the horsehair was not affected by the presence of stereotypies. This aspect, however, may be explained by the fact that all animals were employed in sport activity, which is known to stimulate cortisol release (Hill et al., 2008 ), and this may have masked the accumulation of both hormones in horsehair. In addition, the determination of DHEA concentration in horsehair is not a common practice and it can have some limitations. First, DHEA immobilized in horse-hair can be lost over the time, leading to an underestimation of hormonal content (Cone, 1996; Anielski, 2008). Additionally, studies performed in humans have shown that the DHEA concentration in hair can be affected by age, sex, and pigmentation (Boyer et al., 2007). Finally, the efficiency of the method of hormone ex- traction could be lower in horsehair than in human hair (Boyer et al., 2007). It is therefore plausible that in the long-term, stressful situations leading to the development of stereotypies can affect the HPA reactivity but not the hormone accumulation, and testing HPA reactivity may be a better indicator of the horse wellbeing. The second aim of the study was to investigate what characteristics of the management can be related to the presence of behavioral problems. In our work, BPH spent most of the time in a stall, and our results confirmed that most of the undesirable behaviors emerged when the ethological needs and motivation of horses are not catered for (Cooper and Albentosa, 2005; Hothersall and Casey, 2011). The isolation in the stall causes a lack of stimulation, an environmental challenge and limited space which can be a source of frustration (Meehan and Mench, 2007). Horses are prey animals that use, as a survival strategy, flight more than fight. Moreover, they evolved to travel over long distances (Cooper and Albentosa, 2005; Henderson, 2007). The high motivation for move- ment and the lack of possibility of escape in front of a potential risk can cause the observed undesirable behaviors, such as loco- motor stereotypes or aggressive behaviors (Cooper and Albentosa, 2005; Henderson, 2007; Camargo, 2014). An association was found between the presence of stereotypies or pathological behaviors and the use of dried or pelleted food or alfalfa with molasses and the feeding of mixed grass hay only once or twice a day. Horses are grazing animals and, in nature, spend most of the day eating a forage poorer in carbohydrates and protein compared to the ratio usually provided to sporting horses (Cooper and Albentosa, 2005). The high-energy and low-fiber ration often administered to stabled horses has been associated with undesired behaviors, especially oral behaviors, and stereotypies (Nicol, 1999; Cooper and Albentosa, 2005; Henderson, 2007; Camargo, 2014). For example, the eating of bedding can be described as a redirected grazing behavior by horses. Crib biting seems to be related to gastric ulcers. Indeed, the intake of too fermentable-based cereal concentrates reduces the mastication and saliva production, causing an increase of the acidity of the stomach and the formation of gastric ulcers (Cooper and Albentosa, 2005; Hemmings et al., 2007; Camargo, 2014). A higher percentage of BPH than HH shows anxious behaviors close to the mealtime, such as repetitive pawing, pacing backward and forward, or repetitive vocalizations. This variable cannot be considered a cause of the development of the BPH, but a con- sequence. Horses displaying behavioral disorders showed anxiety and they accentuated their pathological behaviors, while they were waiting for food. We can assume that these are anticipatory be- haviors, which occur during the appetitive phase, when the animal is waiting for a reward (Sprujit et al., 2001; Mendl et al., 2010). Captive animals often display stereotypic behaviors in anticipation of food. The research has demonstrated that the expression of the anticipatory behaviors for food can be related to the social isolation (Watters, 2014). In animals with a suboptimal welfare, anticipatory behaviors can be the expression of an increased sensitivity for a reward, because a positive experience can equate a negative one. Indeed, stressful conditions increase the sensitivity to a reward (Sprujit et al., 2001; Peters et al., 2012). In this research, most of BPH worked more than 4 times per week. In other studies, the amount of exercise was found positively correlated to weaving and compulsive behaviors (Luescher et al., 1998; Christie et al., 2006 ). During the exercises, the riders have the control of horses’ environment. The lack of control over the environment can be a prolonged or repetitive distress for the animals, which may develop abnormal behaviors (Christie et al., 2006). It can be also hypothesized that the horses that work more need more energy and are usually fed with high-energy concen- trates. As explained above, the employment of low-fiber diet and high-energy concentrates does not respect the natural feeding system of the horse, and it may be the cause of abnormal behaviors’ development (Cooper and Albentosa, 2005; Hemmings et al., 2007; Camargo, 2014). However, further studies about the correlation between abnormal behaviors and amount of forced exercise are needed. This research underlines the importance of a multidisciplinary approach in the evaluation of horses’ welfare, considering both physiological and ethological parameters, and the presence of abnormal behaviors can be considered one valuable index of a sub- optimal management or environment.

Conclusion

Suboptimal welfare and stress conditions, caused by some management practice, may lead to the development of undesirable behaviors in horses. The prolonged confinement in a individual horse stall, the use of low-fiber and high-energy feeding and a high number of working hours may be factors positively correlated with the development of abnormal behaviors. The improvement of management practices should result in an improvement of horses’ welfare. In sport horses, the HPA axis can be highly stimulated in the long term, and hormone measurements in horsehair may fail to detect stressed animals. For this reason, testing the HPA reactivity may be a better tool for monitoring animal wellbeing. In this con- text, we suggest measuring the cortisol/DHEA ratio, although fur- ther studies are needed to characterize the DHEA release and its potential use in the assessment of animal welfare.
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