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Abstract 
Stress is considered a disturbance to homeostasis, and anything that generates a stress 

response is a stressor. A stress response can modify blood biochemistry parameters as 

observed in many animal species but the effects of stressors on blood biochemistry 

parameters are not studied previously in common eland. Short- and long-term stressors 

such as handling and social rank, respectively, were studied on a total of 12 healthy 

common eland (135.1+2.25kg body weight, 3.8+.0.1 B C S , 9.2+1.5 months), females 

(n=6), and males (n=6) over a 12-month period. Handling was performed once a month 

in a specialised squeeze chute system and the data of their temperament was recorded in 

the system followed by the collection of blood samples. Behaviour data for social 

interactions in the barn was recorded on the following days after the handling. Blood 

samples were analysed for 14 blood biochemistry parameters bimonthly using a VetTest® 

Chemistry Analyzer. The final temperament score was obtained through the summation 

of the total score of the stress response of each animal which ranges from 0 to 17, while 

the social interactions were analysed in DomiCalc. Generalised Linear M i x e d Models 

were designed to test the effects of temperament and social rank on the blood 

biochemistry parameters while considering sex, age, body condition score, and body 

weight as covariates with a significant level taken at 0.05. A l l data were analysed using 

the I B M SPSS software (version 28). The results showed that handling influences blood 

biochemistry parameters including A L B , A L K P , B U N , G L U , T B I L , and TP but social 

rank did not have an influence on blood biochemistry. The changes in the levels of the 

blood chemical parameters due to handling were still in their reference intervals implying 

the absence of any major pathology or adverse effects on normal physiology. Hence, it 

can be suggested that periodical handling of common eland can be performed in captivity. 

This can help towards the domestication of common eland and improve their welfare and 

management to a great extent in captivity. 

Keywords: Stress, Handling, Social rank, Blood biochemistry, Temperament 
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1. Introduction 

Recurrent evaluation of the health status of a herd is an inevitable part of animal 

husbandry, and it is critical when the population is confined to an area that is not its 

natural habitat. Routine collection of blood samples and analysis of blood parameters is 

advisable to track the health record of an individual animal and the overall health status 

of the herd. For this purpose, handling the animals is necessary even though it is a short-

term stressor. It is noted to provoke a stress response which can modify the normal 

physiology of the animals. Another factor that can produce stress over a period of time 

(long-term) in animals is their place in the hierarchy which is reported in red deer hinds 

(Ceacero et al. 2018). Social rank is crucial for some of the fundamental behaviours of 

social animals such as food resource procurement and mating opportunities not only in 

the wi ld but in captivity as well. Maintenance of the social rank requires social 

interactions which serve as a stressor in subordinate animals with low rank in the social 

hierarchy in virtually ubiquitous among all mammalian species (Blanchard et al. 2001). 

The stress response is considered to be regulated mainly by nervous and endocrine 

systems as it is physiologically explained by an increase in glucocorticoid secretion by 

the hypothalamic-pituitary axis ( H P A ; Carlstead & Brown 2005). The stress of animal 

restraint while handling has been reported to affect the concentrations of different blood 

constituents (Spencer 1980; Panepinto et al. 1983; Farmer et al. 1991) whereas the social 

rank is also reported to affect the heamatological profile (Ceacero et al. 2018). For 

example, an increase in packed cell volume (PCV) , and increased leukocytes in response 

to stress due to the actions of glucocorticoids such as Cortisol. The biological responses, 

such as behavioural, immunological, and haematological changes due to stress factors are 

mostly used as indicators of stress in animals by complementing each other (Kumar et al. 

2012). With that said, there is still a critical need to establish a connection between the 

stress response and the blood biochemistry parameters. These parameters might be 

changing alongside the haematological values as the chemical composition of blood is 

considerably under homeostatic control (Manston & Al len 1981) which is perturbed by 

stressors. 

The clinical blood biochemistry profile is a valuable diagnostic tool that can be 

utilised to evaluate several body systems at a time. When used in conjunction with the 
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history, and physical examination, the chemistry panel can be useful for confirming a 

diagnosis, determining the prognosis, planning therapeutic options, and monitoring 

response to treatment. The reference interval is based on a large number of samples 

acquired from healthy animals (the reference population) and is calculated theoretically 

to include 95% of the healthy population. Values obtained for blood biochemistry 

parameters are compared with the reference interval established for the species and 

interpreted accordingly by the veterinarian. The correct interpretation of the blood 

biochemistry test is crucial. Apparently, a value different from the normal value range 

does not have significant importance i f it is not evaluated with specific clinical 

observations and combinations of other values. Nevertheless, it can be used to change the 

direction of the clinical diagnosis and also pinpoint the area, organ, or system of interest. 

Most often than not, it is a trial and error method to reach a conclusion that the deviation 

(either increase or decrease in the relative amount of a blood constituent) is responsible 

for the disturbance in the equilibrium of health of the animal. 

The common eland (Taurotragus oryx) has been described as an ideal antelope 

for domestication due to its large body mass and ease of habituation to routine handling 

(Pennington et al. 2013; Musa et al. 2021), with current management practices similar to 

those of cattle (Scherf 2000). In captivity, they are handled fairly regularly for biological 

sample collection which is a short-term stressor. In addition, they have a complex 

dynamic social hierarchy as a long-term stressor. Both stressors can affect the blood 

chemistry profile as explained before. Unfortunately, only a limited number of studies 

have been performed on the blood and metabolic profile of wild animals and subsequent 

reference values for different species available are only a few. As it is quite challenging 

under free-ranging conditions with the use of chemical immobilisation, utilisation of 

captive herd allows us to control and/or describe many confounding factors for the 

experiments. So far, not many published studies have focused on the blood biochemistry 

of common eland (Pospisil et al. 1984; Vahala et al. 1989; Silberova et al. 2010). In 

addition, the studies performed had different testing methods, conditions, and small 

sample sizes. This leads to discrepancies in the available data for reference. Hence, there 

is a critical need to establish and standardize reference intervals (normal reference value 

range) of the blood biochemistry parameters for common elands in captivity. Also, the 

effects of stressors, such as handling for the short term and social rank for longer periods 

of time, on the blood chemistry profile have not been assessed in common elands t i l l now. 
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In captivity, it is necessary to assess and monitor the standard of animal welfare which 

can indirectly suggest the assessment and monitoring of stress and stressors that affect 

the animals. The proposed study identifies the effects of short- and long-term stressors on 

the blood biochemistry profile of common eland as these stressors help understand the 

efficiency of domestication and put light on the areas of improvement in the clinical 

management aspect in captivity. 

2. Literature review 

2.1. Stress and stress physiology 

A l l l iving organisms maintain a complex dynamic equilibrium or homeostasis which is 

essential for life and well-being (Chrousos 2009). This homeostasis is continuously 

challenged by internal or external adverse means collectively called stress. Stress is an 

external condition or event that puts a strain on a biological system, leading to many 

adverse outcomes, ranging from a little discomfort to even mortality (Kumar et al. 2012). 

It covers the behavioural and biological responses to a wide range of insults to 

homeostasis that originate from various types of sources. It also refers to behavioural and 

physiological changes, such as elevated Cortisol levels associated with negative emotions 

(Terlouw 2015). 

Previously, several general aspects of animal stress physiology have been 

established (Selye 1946; Bijlsma & Loeschcke 2005; Boonstra 2013) and are being 

continuously tested. It is generally believed that stress response is mainly aided by 

hormones and the nervous system. Scientists have discovered that the response to 

stressful stimuli is elaborated and triggered by the stress system (Figure 1.). This system 

is made up of a wide diversity of brain structures that, collectively, are capable of 

detecting events and interpreting them as either real or potential threats (Dedovic et al. 

2009). The amygdala is a highly conserved brain structure that is fundamental to 

identifying potential danger (Janak & Tye 2015), while the hippocampus delivers support 

to encoding environmental information associated with the stressor (Herman et al. 2005). 

In addition, the pre-frontal cortex provides links between cues and stressors (Milad & 

Quirk 2012). 

3 



Figure 1. Schematic presentation of stress response system working in the presence of acute and chronic 

stress. Arrows are showing a feedback loop for the HPA-axis deactivation (Adapted from Narayan 

2019). 

Hormonal changes due to stress are well-accepted to assess stress in humans as 

well as veterinary endocrinology as they include various endocrinal responses to a 

stimulus that causes stress. Initiation of activation of the hypothalamic-pituitary-adrenal 
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(HPA) axis happens due to disruption of an animal's homeostasis (Figure 1.), which 

generally results in some form of exertion by the body (Whirledge & Cidlowski 2010; 

Hing et al. 2014). The hypothalamus releases corticotrophin-releasing hormone ( C R H ; 

Vale et al. 1981), thereby signalling the anterior pituitary to release adrenocorticotrophic 

hormone ( A C T H ; Whirledge & Cidlowski 2010) which circulates in the blood resulting 

in an increased output of glucocorticoids from the adrenal cortex. Glucocorticoids, 

Cortisol in particular, are critical for larger vertebrates to act for the liberation of energy 

through gluconeogenesis. Cortisol essentially acts by diverting the storage of glucose 

(GLU) away from glycogen or fat and mobilising G L U from stored glycogen. Thus, this 

available energy is used in preparation for a physical challenge and is used for regaining 

homeostasis (Narayan 2019). Following the stress response, Cortisol acts to bring about 

the p H balance, as a blocker within a negative feedback process to C R H secretion and 

induces the animal to restock the energy stores and restore homeostasis (Romero 2004). 

If the stressors are not removed as it is the case for chronic stress, it leads to 

deleterious downstream effects due to extended activation of the stress response. It can 

result in reduced immunity, impaired normal reproductive function, tissue atrophy, and 

abnormal growth rate (Figure 1.). It can also lead to abnormal behaviours such as 

stereotypies (Meehan et al. 2004). Selye (1946) while working on the biochemical and 

pathological effects produced by noxious agents of any nature in an organism, found that 

the body manifests itself with a few nonspecific systemic reactions towards the agents, 

which are termed General Adaptation Syndrome (GAS) . For example, the body develops 

musculature following a prolonged period of physical exercise. Furthermore, he noted 

that i f the organism was continuously bombed by the same noxious stimuli, which is 

chronic stress, the resulting G A S developed in three distinct stages, namely the alarm 

reaction, the resistance stage, and the exhaustion stage. 

2.2. Stressors 

A stressor can be any physical or psychological factor that perturbs or threatens to perturb 

homeostasis (Sapolsky 2004). Physiologically, an event such as negative emotions or an 

object that can produce elevated Cortisol secretion above the normal basal level can be 

recognized as a stressor. Stressors can have a physical or psychological origin, such as 

food and water deprivation, fatigue due to transport, or pain due to collisions with 
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equipment, threat from other animals within the same social group, or human 

interventions (Terlouw 2015). They can also initiate from within an individual 

(endogenous) or the environment (exogenous). Most but not all the stimuli that cause 

stress are essentially painful but the psychological states, such as fear, or anxiety also can 

activate an array of physiological responses. It can be psychological, for example, moving 

to new surroundings. Depending on the context, responses to a stressor may be managed 

by either physiological or behavioural modulation (Johnstone et al. 2012). In this regard, 

stressors can generally be categorised into short- and long-term stressors based on the 

duration they acquire to generate a stress response. 

2.2.1. Short-term stressors 

Short-term stressors can also be called acute stressors. They are sudden events or effects 

that disrupt the normal state of well-being of the animals and generate the phenomenon 

of stress. These stressors act for minutes to hours on animals and acute stress responses 

may last from a few minutes after the beginning of the stress to a few days (Horowitz 

2001). They result in increased cardiovascular tone and spleen contraction to release more 

red blood cells in animals for transportation of more oxygen to the organs in an effort to 

respond to the stimuli and balance the homeostasis. Almost but not every time, increased 

respiration adjoined with high blood pressure is measured and with significant peripheral 

vasoconstriction. The acute stress response consists of a combination of physiological 

and behavioural changes that are thought to help an animal survive in the wi ld (Sapolsky 

et al. 2000). 

Handling animals is an example of short-term stress. Indications for the handling 

of elands may include veterinary care, application of reproduction techniques, sample 

collection such as blood, faeces, and hair, moving them from one pen to another for 

cleaning or feeding, transportation, human presence, and slaughter (Hemsworth 2003). 

This ignites a short but very strong and measurable reaction leading to stimulation of H P A 

(Collier & Gebremedhin 2015). Previously, researchers have found that the value of the 

heamatological and chemical parameters of wi ld animals depends in part on the 

physiological effects of capture and handling techniques (Franzmann & Thorn 1970; 

Franzmann 1972; LeResche et al. 1974; Seal 1974). For example, sodium levels in the 

blood were reported to be affected by handling in beef cattle (Gartner et al. 1965) and in 
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reindeer (Hyvarinen et al. 1976). In addition, the short term changes in G L U and 

phosphorus (P) values are indicative of the initial handling stress followed by a return to 

normal state in woodland caribou (Karns & Chrichton 1978). 

Common eland are characteristically calm animals, except in situations when 

poorly handled or exposed to novel situations, then they tend to be flighty in response to 

the influence of such stressors (Pennington et al. 2013). While farming eland in captivity, 

it is thus necessary to habituate them to handling. Being careful that forceful handling can 

result in a serious injury (Bergvall et al. 2017), their handling should be done in a 

specialized system such as a handling chute. Producing animals with docile temperaments 

on the farm and in captivity is necessary as it affects important production parameters 

including average daily gain (Voisinet et al. 1997), and milk production (Sutherland & 

Dowling 2014), meat quality (Fordyce et al. 1988), and their overall welfare. Hence, it 

becomes important to understand the variations in the blood biochemistry profile, which 

is less studied ti l l date, to examine the effects of handling to better manage the common 

elands in the captivity. 

Temperament is an essential qualitative management parameter, particularly for 

large ungulates such as common eland, which are challenging to handle in comparison to 

small ungulates (Rice et al. 2016). Fordyce et al. (1982) defined temperament as the 

behavioural, stress and physiological responses of an animal to being handled by humans, 

while Koolhaas et al. (2010) described temperament as the response patterns in reaction 

to a stressor such as handling. Generally, temperament covers the idea that individual 

behavioural patterns are repeatable over time and across situations, and thus includes 

numerous traits, such as sociality, aggressiveness, avoidance of novelty, and aversion to 

taking risks such as entering inside the chute (Reale et al. 2007). Recording the 

temperament when being handled is useful to assess the ease of handling (Pennington et 

al. 2013; Schütz et al. 2016; Parhama et al. 2019) which indirectly assesses the level of 

stress and the degree of habituation. In the study of Musa et al. (2021) on common eland, 

habituation was found to positively influence the temperament and ease of handling. 

Typically used parameters for temperament recording include escape velocity, flight 

distance, and chute scores during handling. These parameters have produced a reliable 

association with some productive parameters, as seen in different species of farm animals 

(Fordyce et al. 1982; Deila Rosa et al. 2018; Parhama et al. 2019). Although there are 
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some factors that may affect the strength of the reaction of the animal body to handling, 

such as intensity of handling, duration of handling, time of handling, familiarization of 

the personnel and equipment used, etc. The animal factors that might affect handling can 

be age, sex and body condition score (BCS). 

2.2.2. Long-term stressors 

Long-term stressors are also known as chronic stressors. As the name suggests, they are 

present for a long time to exert their effects and trigger a response that is measurable. The 

chronic response to stress is controlled by the endocrine system and is related to an altered 

population of receptors, changing the sensitivity of tissues leading to homeostatic signals, 

and resulting in a completely new physiologic state (Bligh 1976; Bauman & Currie 1980). 

Kiley-Worthington (1978) and Hil lman (1987) suggested elands are not social animals. 

As per their observations, apart from mating and mother-infant interactions, elands rarely 

interact with herd mates. But in the wild, they were observed to get together to collectively 

defend against predators (Kingdon 1982) and eland cows were seldom seen alone 

(Kingdon 1982; Spinage 1986; Hil lman 1987). Wirtu et al. (2004) confirmed in their 

studies that there is a higher level of interaction between female eland herd mates than 

was previously estimated. 

In animal societies individuals often engage in aggressive interactions with each 

other. With identifications of winners and losers, such interactions are usually referred to 

as dominant-subordinate interactions. Based on who wins against whom, ranks can be 

established for all or most individuals in a dominance hierarchy (Bang et al. 2010). Many 

dominance hierarchies observed in nature have been found to be completely or nearly 

linear (Chase et al., 2002; Chase & Seitz 2011). Here, linearity essentially means that the 

top ranked individual is dominant over all other individuals, second-highest ranked 

individual is dominant over all individuals besides the top ranked individual and so on, 

with the least-ranked individual being dominated by (i.e., subordinate to) all others 

(Schmid & de Vries, 2013). Gregarious animals such as common eland, engage in social 

interactions, which leads to the establishment of a dominance hierarchy. Presence of a 

dominance hierarchy in a captive eland herd was noted by Kiley-Worthington (1978) but 

was indicated as not a "rigid" one. But after a few years, a study on elands that were kept 

in a reserve alongside five different species of antelopes showed clear intraspecific 
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dominance hierarchies (Cransac & Aulagnier 1996). Wirtu et al. 2004 confirmed a 

predominantly linear but complex and dynamic dominance hierarchy in the elands. 

Access to food sources, space, and mating opportunities is determined by the place of 

animals in the hierarchy (Wirtu et al. 2004). Subordinate animals with lower ranks can be 

under stress because of the aggressive interactions leading to the establishment and 

maintenance of hierarchies (Thompson 1993; Clarke & Faulkes 1997; Grandin 1999). 

Biochemical, physiological, behavioural, and anatomical parameters including 

reproductive performance and overall health can be affected by social rank. For example, 

in red deer hinds, social rank influences heamatological parameters such as white blood 

cell counts, haemoglobin and haematocrit (Ceacero et al. 2018). A n animal's social rank 

within the group can also affect stress levels. This can be reflected in the changes in the 

normal physiological activities and hence in the values of the blood chemistry parameters. 

Interestingly, is also noted to affect overall health and reproductive performance in many 

mammals (Arave & Albright 1976; Clarke & Faulkes 1997; El l is 1995; More l l 1996; 

Flint et al. 1997a, b; Pedersen et al. 2003; Phillips & Rind 2002). 

2.2.3. Effect of stress on animals 

Since early 2000s, many researchers have investigated the impact of stress on the 

physiology of animals. Successful attempts have been made to find a relation between 

stress and growth, production, and reproduction of various species of animals. Das et al. 

(2001) reported physiological changes such as electrolyte imbalances, increased 

breathing and heart rate, dehydration, energy deficits, and related catabolism during 

transportation that resulted in activation of stress hormones and decreased production. 

Kannan et al. (2002) in their research on meat goats found that stress such as 

transportation adversely affects body weight. Increased glucocorticoids stimulate the 

hypothalamic secretion of somatostatin in response to stress and inhibit the secretion of 

growth hormones (GH) from the anterior pituitary gland. Lower levels of G H were found 

to lead to reduced growth. 

Another factor that affects growth and production is heat stress. Overall milk 

production in lactating cows and protein content in the milk decreases in the presence of 

heat stress (Ravagnolo & Mitza l 2000). A study in beef cattle by Mitlohner et al. (2001) 

found that high ambient air temperatures and sunlight have a negative impact on the 
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intake of dry matter, the average daily gain, the weight of the carcass, and the thickness 

of fat. In heat-stressed pigs, the milk yield of the sow decreases due to reduced feed intake; 

hence, the growth, viability and survival of the piglets also decline (Renaudeau et al. 

2004). Exploring the meat production aspect, a study showed a decrease in growth, fat 

content and bacon content in pigs living at temperatures above the thermoneutral zone 

(White et al. 2008). 

The effects of stress on reproduction depend on the type of stress, animal genetic 

predisposition, time, and duration of stress (Kumar et al. 2012). Reproductive pathologies 

such as infertility, reduced conception rates and defective oocytes have been reported to 

have occurred as a result of stress such as malnutrition, exertion, and infection. For 

example, lactating dairy cows experience lowered conception rates from 40-60% to 10-

20% due to heat stress in summer (Wolfenson et al. 2000). Wilson et al. (1998) noted that 

the ovarian follicle in cattle can get damaged by heat stress, and it disrupts the oestradiol 

synthesis. Similarly, to humans, where maternal prenatal stress may cause excess activity 

and/or dysregulation of the HPA-system in offspring (Mulder et al. 2002), it results in an 

increased incidence of spontaneous abortion, preterm foetus expulsion and low birth 

weight in livestock (Kumar et al. 2012). In bulls, stress causes interference with sperm 

production, reduces the fertility parameters of the sperm, and interferes with follicle 

growth because of the interference of transportation of gametes and reduced blood flow 

by the catecholamines (Breen et al. 2007). 

Presence of an infectious organism in the body is considered as stress as it disturbs 

homeostasis is to a great extent and renders animals susceptible to other infections. In 

many species, the risk of fatal respiratory bacterial infections is increased following 

primary viral infections (Hodgson et al. 2005). For example, bovine respiratory disease 

is usually caused by primary viral infections ( B H V - 1 , commonly known as bovine herpes 

virus), and secondary bacterial infections with Mannheimia haemolytica (Palok et al. 

2009). Pigs are susceptible to three different but closely related stress syndromes namely, 

porcine stress syndrome, malignant hyperthermia, and black muscle necrosis (Kumar et 

al. 2012). In addition, the work by Veasey (2006) on elephants suggests that there are 

other factors and phenomena associated with the response, such as the source and the 

duration of stress. 
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2.2.4. Biochemical markers indicating stress 

Various biochemical indicators give clues about the effects of short- and long- term stress 

on the animals. Increase in non-esterified fatty acids, beta-hydroxybutyrate (BHB) , urea, 

and a decrease in glucose levels which indicate food deprivation are noted due to acute 

stress (Sapolsky et al. 2000; Broom 2003). Broom (2003) also noted an increase in packed 

cell volume (PCV) , total protein (TP) and albumin ( A L B ) which suggest dehydration with 

or without the presence of haemoconcentration. Furthermore, Lay and Wilson (2004) and 

Broom (2003) reported elevated creatine kinase (CK) , lactate and lactate dehydrogenase 

(LDH) due to physical exertion for a short period of time. Interestingly fear and arousal 

also produces higher P C V , glucose, B H B and urea levels in cattle (Lay & Wilson 2004; 

Broom 2003). 

Chronic stress can produce prolonged negative energy balance and increased 

glycated proteins such as haemoglobin and fructosamine (Tahara & Shima 1995; Kel ly 

et al. 1997). Various studies (Colditz 2002; Arthington et al. 2003, 2005; Murata et al. 

2004; Gruys et al. 2005; Bionaz et al. 2007; Pineiro et al. 2007; Bertoni et al. 2008; 

Lomborg et al. 2008) noted an increase in the disease markers such as positive acute phase 

proteins (e.g. haptoglobin, ceruloplasmin) and a decrease in the negative acute phase 

proteins (e.g. albumin, lipoprotein) due to long term stress. Furthermore, a decline in 

serum potassium levels (Trevisi et al. 1992; Halperin & Kamel 1998) and an elevation in 

alkaline phosphatase ( A L P ) levels (Vazhapilly et al. 1992; Tuchscherer et al. 1998; 

Calamari et al. 2003; Abeni et al. 2007) was also reported due to chronic stress. 

2.3. Blood biochemistry profile 

Generally, it is challenging to obtain blood biochemical values for wi ld animals, because 

capture stress and the drugs administered for the restraining and capture can potentially 

change or influence the values (Chao et al. 1984; Kock et al. 1987). Due to this difficulty, 

only a limited number of studies have been performed on the blood and metabolic profile 

of wi ld animals and subsequent reference values for different species available are only 

a few. On the contrary, a good amount of data is available from the zoo animals although 

without clear demarcation of the methods of immobilisation. Common eland are quite 

large animals and are hard to capture and restrain in the wild. They mostly require darting 
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in the field for their capture to avoid any incidental injuries to personnel and themselves. 

In captivity, they maintain their natural prey instincts and are still considered 

undomesticated. Wirtu et al. (2005) and Al lan (2015) pointed toward chemical 

immobilization of common eland for routine management procedures and biological 

sample collection. Although extremely useful, chemical immobilization requires specific 

expertise and is not cost-effective. Most importantly, it affects normal physiology and can 

even lead to mortalities (Loskutoff & Betteridge 1992). Musa et al. (2021) in their study 

used a combination of the squeeze chute system and behavioural training successfully, 

which avoids the problems while the routine collection of biological samples such as 

blood and faeces for further evaluation of their health status. 

Blood chemistry holds importance in the diagnosis, treatment, and prognosis of 

diseases. Blood parameters are usually studied in domesticated ruminants including 

cattle, goats, and sheep (Kida 2003; Caldeira et al. 2007a, b; Watanabe 2010). Most 

studies on blood biochemistry are concentrated on dairy cattle and they are established as 

tests to diagnose the metabolic status of a dairy animal (Kida 2003), which are also known 

as blood metabolic/chemistry profiles. Many factors such as species, breed, sex, age, 

malnutrition, illness, reproductive status, and seasonal variations (i.e., pregnancy), can 

affect the blood chemistry profile (Pernthaner et al. 1993; Nazifi et al. 2003; Swanson et 

al. 2004) that can be identified in the laboratory. For example, variation in protein 

metabolism can be identified with the measurement of blood metabolites such as Albumin 

( A L B ) and Blood Urea Nitrogen (BUN) . Furthermore, blood metabolites such as 

cholesterol ( C H O L ) , P, triglycerides, and globulin ( G L B ) can be utilized to predict and 

interpret the variability of animal feeding (Adachi et al. 1997; Kida 2003). 

Not many published studies have focused on the blood biochemistry of common 

elands (Pospisil et al. 1984; Vahala et al. 1989; Sliberova et al. 2010). In addition, the 

studies performed had different testing methods, conditions, and minimal numbers of 

animals. For example, Vahala et al. (1989) used chemicals to immobilise the animals in 

their study, and the animals selected were over one year of age, but the age range or body 

weight was not specified. 

To interpret biochemical data correctly, the results obtained in the laboratory must 

be compared with values corresponding to that of healthy animals, the so-called reference 

values. Cl inical pathology reference intervals are one of the most valuable diagnostic 
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tools in veterinary medicine and are used to help differentiate diseased from healthy 

individuals (Solberg & Petitclerc 1987; Petitclerc & Solberg 1988). Although care should 

be taken while interpreting the values as the blood parameter reference is influenced by 

various factors such as nutrition, age, method of capture, season, and current health status 

of the animals (Marco & Lavin 1999). 

2.3.1. Total Proteins, Albumin, and Globulin 

Proteins account for a large amount of the dissolved substances in plasma/serum. It has 

been suggested (Anderson & Anderson 2002) that virtually all diseases affect the proteins 

found in serum. Total protein and Albumin ( A L B ) are utilized for metabolic profile tests 

measuring protein metabolism and determining conditions such as hepatic and renal 

function, and degree of hydration (Russell & Roussel 2007; I D E X X 2014). Globulins 

( G L O B ) and albumin to globulin ratio (A: G) are calculated from A L B and T P values. 

Total protein levels can be affected by various causes which are listed in Table 1. 

Table 1. Different causes of dysproteinaemias in animals. 

Hyperproteinaemia Hypoproteinaemia 

Haemoconcentration Blood loss 

Inflammatory diseases: Protein-losing nephropathy 

Infectious: bacterial, protozoal, viral, fungal Protein-losing enteropathy 

Non-infectious: immune-mediated diseases, Hepatic insufficiency 

neoplasia Malabsorption and maldigestion 

Albumin is a globular protein synthesized in the liver. It is catabolized in various 

tissues where it is taken up by pinocytosis. It is 35-50% of total plasma proteins by weight 

which is the largest proportion of all the plasma proteins. A L B makes a large contribution 

to plasma colloid osmotic pressure and in transporting endogenous and exogenous 

compounds (Russell & Roussel 2007; I D E X X 2014). Plasma half-life of A L B varies 

among species (e.g., in humans it is 19 days (Merlot et al. 2014) and tends to increase 

with body size. Being more anionic (negatively charged at physiological pH), albumin 
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also transports positively charged minerals, such as calcium, magnesium, zinc, and 

copper. (eClinpath 2020a) addition to being a carrier for molecules, albumin is also 

believed to be an antioxidant protein by scavenging reactive oxygen species, protecting 

bound substances from oxidant injury, and binding free copper, which acts as an oxidant 

(Merlot et al. 2014). Relative value changes of A L B are of clinical significance for animal 

health. A n increased albumin concentration (hyperalbuminemia) is most observed due to 

dehydration or secondary blood volume concentration due to fluid loss. The 

pathophysiological causes of the increase in A L B can include adrenal dysfunction 

(Cooper et al. 2009) and hepatocellular carcinoma (Cortright et al. 2014) whereas 

hypoalbuminemia occurs mostly due to excessive fluid administration. In humans, A L B 

has been advocated as a highly sensitive marker for an individual patient's nutritional 

status (Chang & Holcomb 2016). 

Globulins ( G L B ) value on the chemistry panel is calculated by the following 

equation: G L B s = TP - A L B (considering all other proteins than A L B as globulins; 

I D E X X , 2014). Electrophoretic mobility classifies globulins into a (a-1, a-2), p (0-1, 0-

2) and y - G L B s . y - G L B s mostly consist of immunoglobulins that are synthesized by 

lymphoid cells, and other G L B s are synthesized by the liver. The increased concentration 

of G L B s is known as hyperglobulinemia which is commonly caused by chronic antigenic 

stimulation and hepatic disease (Russell & Roussel 2007). A n increase in a and P 

globulins with a particular increase in a-2 G L B s occurs as they are acute phase reactants 

following various types of tissue injuries such as physical trauma, inflammation, or 

infection of a bacterial or viral etiology. A n elevated y - G L B s level is of particular 

significance when there is an active immune response leading to a polyclonal 

gammopathy (eClinpath 2020b). In addition, neoplasia and nephrotic syndrome are 

frequently associated with hyperglobulinemia. Whereas hypoglobulinemia (decreased 

level of G L B s ) can be a result of inherited or acquired immunodeficiency in many cases. 

2.3.2. Blood Urea Nitrogen / Urea 

B U N or urea is the main form in which nitrogen is eliminated from the body in mammals 

(Kaneko et al. 2008). It is a nitrogenous waste formed in the liver as the end product of 

protein breakdown (Figure 2.). After synthesis, it is distributed into the blood for 

transportation to the kidneys (Schloerb 1960; Dunegan et al. 1978). This is the sample 
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point where B U N concentration is measured in the blood sample. Elimination of urea 

from the body in urine is completed after glomerular filtration in the kidneys (Russell & 

Roussel 2007; I D E X X , 2014). Production of urea is influenced by diet and hepatic 

function (Russell & Roussel 2007) as the liver is the main production site. Also, in 

hepatopathies, hyperammonaemia is observed as it cannot be converted to urea for 

excretion. On the other hand, urea concentration in the kidneys is elevated during water 

insufficiency or dehydration (Barboza et al. 2009). Hence, it can indirectly suggest 

glomerular filtration rate or renal efficiency. 

Sample point 

Protein 

skeletons 

Figure 2. Process of blood urea production in kidneys by protein catabolism (Kerr 2002). 

2.3.3. Creatinine 

Creatinine, similar to B U N is also a nitrogenous waste product. Although it is a 

product of the breakdown of creatine. Present largely in skeletal muscles (Perrone et al. 

1992; Wyss & Kaddurah-Daouk 2000; Braun et al. 2003), creatine is a substance involved 

in energy metabolism for stabilizing high-energy phosphate bonds (Adenosine 

triphosphate or A T P ) which are not required for immediate utilisation. Creatine is 

synthesized in the liver and then taken up by the muscles where it is reversibly converted 

into creatine-phosphate by creatine-kinase (CK) with phosphorylation (Figure 3). 
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Creatine kinase (CK) 

ATP + creatine ADP + phosphocreatine 
(stable) (unstable) (muscle cell) 

Creatinine (plasma) 

Creatinine (urine) 

Figure 3. Schematic presentation of reversible process of C R E A production (Kerr 2002). 

A group of proteins that catalyses the chemical reactions are known as enzymes. Most of 

the enzymes are exogenous to serum because they are of cellular origin. They are present 

in different cell components such as mitochondria, cytoplasm, or cell membrane. Upon 

the breaking of the protective membrane, they enter the serum circulation. Their presence 

in the serum of healthy animals does not always show a pathology; rather, it is a normal 

physiological process. The purpose of the study by Boyd (1983) was to identify the 

mechanisms related to deviations in isoenzymes and plasma enzymes in different diseases 

in animals. The results indicated that the increase in serum activity is the result of the 

imbalance between the levels of enzymes entering plasma and their removal or 

inactivation. 

2.3.4.1. Alanine aminotransferase 

Alanine aminotransferase, formerly known as the serum glutamate pyruvate transaminase 

or SGPT, acts as a catalyst for the transamination of pyruvate and L-glutamate from 2-

oxoglutarate and L-alanine, which is a reversible process. Hepatocellular inflammation 

and necrosis present with the highest serum A L T increase (Center 2007). Despite being 

found in various organs, the magnitude of activity of A L T varies significantly even within 

species. According to various studies, (Clampitt & Hart 1978; Keller 1981; Z i n k l et al. 

1971), the liver of dogs showed almost 4 times higher A L T activities per gram than other 

body organs, although both the skeletal and heart muscles had significant A L T activity. 

Interestingly, cats present similar findings as dogs but large animals such as horses and 

ruminants such as cattle and pigs had different liver and muscle A L T values. (eClinpath 

2020c) This led to the conclusion that, based on tissue A L T concentration, increased 

2.3.4. Enzymes 

16 



serum A L T is not an indication of liver injury in horses and cattle, but it fairly indicates 

liver damage in domestic canines and felines. Interestingly, some animals with severe 

hepatic diseases show apparently normal serum A L T levels (Kaneko et al. 2008). 

Following vigorous exercise in dogs, transaminase such as A L T showed increased serum 

activity (Valentine et al. 1990), but the origin of the enzyme is not identified (Loegering 

& C r i t z 1971). 

2.3.4.2. Alkaline phosphatase 

Alkaline phosphatase contains a group of heterogeneous enzymes that work at alkaline 

p H to catalyze the hydrolysis of monophosphate esters (Syakalima et al. 1998). Most of 

the A L P in apparently healthy animals is derived from the liver and bone (Hoffmann & 

Dorner 1975; Rogers 1976) and is widely distributed in mammalian cells. In serum, it is 

presented as a soluble form but is also available in cellular membranes throughout the 

body (Fernandez & Beverly 2007). Different isoenzymes are encoded by different loci of 

genes. Two isoenzymes are available in domestic animals, namely, tissue-specific 

isoenzyme and intestinal isoenzyme, which are encoded by two loci of genes (Hank et al. 

1993). A n increase in serum A L P concentration is generally attributed to a liver disorder 

such as cholestasis which can be due to frequently identified hepatopathies including but 

not limited to tumors, inflammation, fibrosis, endocrine disorders, and choleliths. For 

example, various canine cholestatic liver diseases show increased serum A P , which has 

been confirmed (Abdelkader & Hauge 1986; Center et al. 1985; Hoe & Jabara 1967; 

Solter & Hoffmann 1995, 1999). Another important factor for elevated serum A L P has 

significantly increased osteoblast activity. Noonan and Meyer (1979) found that serum 

A L P increases modestly with hepatic necrosis. Anecdotally, in cholestasis, increases in 

serum A L P are followed by increases in bilirubin. The diagnostic importance of serum 

A L P value with respect to liver diseases is limited in large domestic animals such as 

cattle, due to its wide distribution in various tissues such as the kidneys and intestines and 

the rare occurrence of cholestasis in large animals (eClinpath 2020d). Hence, it must only 

be considered significant along with the presence of other specific indicators of liver 

damage in large animals. 
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2.3.4.3. Lactate Dehydrogenase 

L D H has been the most thoroughly investigated among isoenzymes. It catalyses the 

process of reversible interconversion of lactate and pyruvate. Structurally a tetramer, 

L D H is made up of two subunits which are H (heart) and M(muscle). Various 

combinations of these two subunits result in five different isoenzymes namely, L D H 1 , 

L D H 2 , L D H 3 , L D H 4 , and L D H 5 which are separated by electrophoresis. L D H 5 has the 

slowest electrophoretic mobility while L D H 1 has the fastest (Kerr 2002). Many studies 

have emphasized on L D H isoenzymes in the tissues of several other species including 

cattle (Keller & Stanbridge 1972), sheep (Beatty & Doxey 1983), horses (Thornton & 

Lohni 1979), and cats (Nilkumhang & Thornton 1979). The immense diagnostic 

importance of L D H and its isoenzymes is acknowledged in liver and heart-related 

disorders (Satyanarayana & Chakrapani 2007). L D H 1 is considered a useful tool when 

diagnosing heart disease (Kerr 2002). L D H 1 and L D H 2 are increased in cattle and sheep 

in a hepatocellular injury and whereas L D H 5 elevates in horses and small animals and is 

considered one of the indicators of liver disease for them (eClinpath 2020e). Hemolysis 

must be prevented before measuring the L D H as R B C s have almost 80-100 times higher 

activity of L D H than serum L D H and it can cause false positives. Also, routine 

biochemistry panels only offer the total L D H value and not differentiated isoenzyme 

values rendering the test with less specificity for either skeletal muscle or hepatic disease 

(Kerr 2002). In summary, L D H can point toward a muscle or hepatic problem but cannot 

lead to the origin. 

2.3.4.4. Amylase 

Amylase is responsible for the dietary breakdown of starch and glycogen to a simple sugar 

molecule, maltose. The main sites for amylase include the pancreas and salivary glands. 

Normal serum amylase activity can be mostly contributed directly by the amylase 

production from the liver and intestine (Murtaugh & Jacobs 1985; Nothman & Callow 

1971). But Simpson et al. (1991) in their experiments on dogs found a 50% decrease in 

serum amylase when pancreatectomy was performed. Hence, it proved the assumption of 

non-pancreatic sources of some serum amylase. Routine serum amylase testing has 

significance as a screening test for acute pancreatitis mostly in dogs. But on the contrary 

in cats, Kitchell et al. (1996) noted that in experimentally induced pancreatitis the serum 

amylase activity decreases, and it renders the testing less important in diagnosis. 
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2.3.5. Minerals 

2.3.5.1. Calcium and Phosphorus 

Total serum Ca exists in three forms which are namely ionized, protein-bound, and 

chelated. Ionized Ca is the most important and biologically active fraction which is 

around 50% of total serum Ca. Protein-bound Ca represents approximately 40% of total 

serum Ca. Albumin is the major protein to which C a is bound in serum. Chelated or 

complexed C a is formed largely with phosphate, sulphate, citrate, bicarbonate, and lactate 

anions, and accounts for approximately 10% of total serum C a (Ferguson 2011). Calcium 

is of major importance in transmission at the neuromuscular junction and in the 

propagation of contraction impulses within the muscle. It is an essential element that is 

involved in many body systems including the skeleton, enzyme activation, muscle 

metabolism, blood coagulation, and osmoregulation ( I D E X X 2014). Three hormones 

namely, calcitriol, parathyroid hormone (PTH) and calcitonin are the major factors that 

regulate blood/plasma Ca (Figure 4.; Satyanarayana & Chakrapani 2007). The main 

organs involved in calcium homeostasis are the intestines and kidneys. 

Intestine Ca 
PIN 

í—C ale it ho H — V i t a m i n D I 

Calcitriol 

Calcitonin 

Plasma C a 
(9-11 mg/dlj 

Bone C a 
Renal 

tubular C a 

Figure 4. Overview of homeostasis of Ca (extracted from Satyanarayana & Chakrapani 2007), PTH- Parathyroid 
hormone. 

Serum or plasma inorganic P only represents only a tiny portion of phosphate in 

the body. Most of the body's P is stored in bone in the form of hydroxy apatite and calcium 

phosphate. Hence, serum or plasma inorganic phosphate cannot be considered a good 
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indicator of total body stores, but it is considered a good marker of extracellular phosphate 

(i.e., that is immediately available to cells), which only comprises approximately 1% of 

total body phosphate (the rest being in soft tissues, such as skeletal muscle). Phosphate is 

used in many of cellular processes. It is a fundamental component of phospholipid 

membranes, and metabolic proteins (e.g., A T P , glycolytic pathways; eClinpath 2020f). 

Phosphorus and Ca are absorbed in the small intestine. Absorption is influenced by the 

presence of other minerals, nutrients, vitamins, and intestinal p H . Calcium and P 

metabolisms are interdependent ( I D E X X 2014). 

2.3.6. Glucose 

Glucose is the principal source of energy in animals ( I D E X X 2014) which is obtained 

from food exogenously and from liver glycogen storage, fat, and proteins endogenously 

by conversion. (Figure 5.). The circulating concentration in the healthy animal is 

maintained within narrow limits with the help of various hormones including insulin, 

glucocorticoids, glucagon, adrenaline, and growth hormone. The concentration of Cortisol 

after psychological stress correlates with the concentration of glucose in the blood, 

indicating that the response to stress is enhanced by an increased concentration of glucose 

(Kerr 2002). Kidneys primarily deal with blood glucose levels by allowing all the plasma 

glucose to be filtered and then reabsorbed by proximal tubules. 

Insulin 

+ B L O O D G L U C O S E 

Protein deamination 

Glucocorticoids 

Intracellular 
•*• energy 

metabolism 

Growth hormone 

Adrenaline 
Glucagon 

Figure 5. Schematic diagram of different hormones regulating blood glucose levels (Kerr 2002). 
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2.3.7. Total bilirubin 

Bilirubin is a by-product of haem breakdown. In its initial form in the plasma, it 

is not water-soluble and is bound to albumin. It is further transported to the liver by the 

reticuloendothelial system where it is rendered soluble by conjugation with glucuronic 

acid. The bilirubin conjugate is then eliminated in bile. The brown colour of faeces is due 

to the pigments (mainly stercobilin) present in the bile. Conjugated and unconjugated 

bilirubin sum up together to make T B I L value (Kerr 2002). It is widely used as a 

diagnostic marker for hepatic function and cholestasis. During intravascular haemolysis, 

large numbers of erythrocytes get destroyed instantly and the conjugation mechanism in 

the liver becomes overloaded so that high concentrations of free bilirubin are found in the 

blood. Hence, it is also useful to check the presence of intravascular haemolysis ( I D E X X 

2014). 

2.3.8. Cholesterol 

Cholesterol is found only in animals (Satyanarayana & Chakrapani 2007) and is not 

present in plants or other microorganisms. Cholesterol is the precursor of steroid 

hormones, vitamin D , and bile acids. It is also a constituent of cell membranes. 

Cholesterol can be gained from the diet i f it contains animal products, or it can be 

synthesized in the liver which is the main organ for C H O L synthesis and catabolism 

(Bruss 2008). Absorption site for C H O L is the intestines. Steroidogenic endocrine organs 

(adrenal cortex, testis, ovary, placenta) can also produce small amounts of cholesterol; 

however, these organs utilize hepatically synthesized cholesterol for most of their steroid 

synthesis (Pedersen 1988). Cholesterol is present in abundance in nervous tissues, and it 

functions as an insulating cover for the transmission of electrical impulses in the nervous 

tissue (Satyanarayana & Chakrapani 2007). 
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3. Aims of the thesis 

The goal of this thesis was to describe the influence of short- and long-term stressors on 

the blood biochemistry of common elands (Taurotragus oryx). 

Few studies have explored the blood biochemistry profile of common elands in an 

effort to determine and standardise reference intervals of various parameters. This study 

was aimed at examining the changes in blood biochemistry parameters of common eland 

in relation to their exposure to short- and long-term stressors. 

The specific objectives of this study were: 

1. To standardise available reference values of blood biochemistry parameters 
for common eland. 

2. To examine the effects of short-term stressor on the blood biochemistry 
profile of common eland. 

3. To examine the effects of long-term stressor on the blood biochemistry 
profile of common eland. 

Hypothesis: 

H i : The short-term stressor w i l l influence blood biochemistry parameters. 

H i : The long-term stressor wi l l influence blood biochemistry parameters. 
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4. Methods and materials 

4.1. Description of the experimental site 

The research was conducted at the Czech University of Life Sciences Prague (CZU) 

Common Eland Research Facilities located at Lány (Central Bohemia region, Czech 

Republic, 13°57 ' E , 50°07 ' N) . The farm consists of two separated open paddocks (grass 

area of 2.5 ha) and two enclosed barns with solid walls which were divided by a feeding 

alley. The study location was at an altitude of 421 m above sea level and had a temperate 

cold climate, which was characterised as fully humid with cool summers (Koppen-Geiger 

classification; updated by Rubel & Kottek 2010). Animals are housed inside the barn 

from December to Apr i l during which the environmental temperature was below the 

thermoneutral zone of eland (Kotrba et al. 2007). The internal temperature of the barn 

ranged from 2° to 10 °C. Though, animals are given free access to the paddock when 

there were abrupt changes in temperature as well as the remaining part of the year. The 

animals were always provided complete feed mixture diet consisting of 60% corn silage, 

30% lucerne haylage, 7% meadow hay and 3% barley straw as well as mineral supplement 

(Barton et al. 2014), this were all provided ad libitum inside the barn throughout the year. 

A concentrate pelleted cattle feed (19% crude protein) was given routinely as supplement 

(Nutritional information in Needham et al. 2020). Automatic drinkers with unlimited 

access were also placed inside the barn. 

Figure 6. Two covered barns separated by a feeding alley. 
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4.2. Data Collection 

The Czech Republic Ministry of Agriculture accredited (clearance no. 63479_2016-

MZE-17214) all experimental procedures involving husbandry, handling and treatment 

of the experimental animals, while ethical clearance for the research was obtained from 

the Czech University of Life Science Animal Welfare and Clearance Committee 

(clearance no. C Z U 20/19). The study was conducted from January 2020 to November 

2020. Routine handling of animals was performed once a month for research and 

management purposes and the present study was planned in connection to the routine 

handling program. It involved blood collection, recording of the temperament, and the 

assessment of the social rank during the following days. A total of 12 animals 

(135.1+2.25kg initial body weight, 3.8+0.1 B C S , 9.2+1.5 months), females (n=6), and 

males (n=6) were chosen for the experiment. A l l 12 animals were accustomed to the 

routine handling since birth, and they were from the same age group and housed in the 

same pen. A l l the animals selected were regularly observed throughout the period of the 

experiment, and they were noted as healthy. During blood sample collection and social 

interaction observation, all animals were checked for any visible injuries that could 

potentially affect their behaviour as well as their handling. No animal was found to have 

any clinical signs of diseases or health problems, for example, a fractured limb, a bleeding 

wound, skin problem with lesions such as hair loss or discoloration, weakness, and 

swollen joints. None of the animals were being treated before and during the course of 

the experiment with any medicines that can alter the results of the experiment. They were 

kept under visual observation at least for one minute after their exit from the squeeze 

chute into the paddock and no abnormality was noted. 

4.2.1. Temperament assessment and blood collection 

A specially designed squeeze chute system with a raceway developed for routine handling 

and sample collection from eland and other large antelopes was utilized for temperament 

assessment and blood sample collection. The raceway was 11.60 m long x l .05 m wide 

x l .85 m high, and it was divided into four sections ( A - D ) by three galvanized sliding 

doors that ended in a squeeze chute (E; Figure 9). The entire raceway was covered by a 

roof to provide animals with limited light in the corridors to stop them from jumping out 

of the system. A slit was cut out to observe the animals without disturbing them on the 
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sides of the corridors that was also utilized to insert a "touching stick" made from a 

bamboo stem (10 mm in diameter) by gently touching the animal to trigger the forward 

movement i f they refrained to move to the consecutive corridor after opening the door 

approximately for 10 s. The first section of corridor (A) could be accessed through a 

rotating door that was directly attached to the barn. Animals were herded in batches of 

three to five from the barn and led into the first part of the raceway (A) and only one 

animal was allowed to move to the second section (B). This second section was designed 

to briefly contain a single animal while waiting for the weight of the animal in the third 

section (C) to be recorded. Section (C) was a weighing area with a platform on load bars, 

and an ear-tag panel reader (TW-1 Weigh Scale G02601, Gallagher, Hamilton 3240, New 

Zealand). 

Figure 7. A complete view of the squeeze chute system with a sliding door opened for the exit 

of the animal. 
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Figure 9. Design of the raceway divided into four corridors (A, B, C, and D) and the squeeze 

chute system (E) (Musa et al. 2021) 
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After their body weight was recorded, the animal moved to section (D) and then 

directly into the squeeze chute. The squeeze restraint chute (E) consists of two padded, 

vertically adjustable, wheeled, rotating doors (1.50 m long). The doors can be adjusted 

such that the upper part of its neck and head are accessible and the top of the door is above 

the shoulder of the animal. To prevent the animals from jumping out, the chute has been 

equipped with two thick plastic curtains which are kept close t i l l the animal is confirmed 

inside the chute. Once the animal has moved into the chute, both the doors are wheeled 

towards the animal. Fine adjustments were done with the help of serrated clips and the 

animal was squeezed and restrained. The curtains are lifted up once the animal is 

confirmed restrained, and the head is lifted to facilitate normal respiration. Both eyes are 

covered with a cloth to avoid startling the animal while collecting the blood sample by a 

specialist. The horns are held tightly to avoid any injury to the personnel and to the animal 

itself (Figure 10). Blood is collected from the vena jugularis on either side of the neck 

(Figure 11). Subsequently, blood is collected using an 18-gauge needle attached to a 

vacutainer. With the aid of the vacuum in the heparinised tube. After the blood is 

collected, the pressure is released, and the needle is removed. Finally, the area is gently 

massaged to preserve continuous blood flow and prevent inflammation. 

Figure 10. Horns are held tight to avoid injury to Figure 11. Collection of blood from right 

personnel and to animals. jugularis 
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Besides blood samples, other biological samples such as faeces were also 

collected for the purpose of another study and routine coprological analysis for examining 

their health status. Morphometric measurements of different body parts and horns were 

also being conducted. Before the animal finally exited the chute, its body condition was 

examined using a five-point scale (1-5), with one being the poorest condition and five 

being the best. This scoring system was an adaptation of the methodology used for deer 

(Audigé 1998). 

A temperament scoring system approved for elands was utilized to record data for 

temperament assessment (Table 2.; Musa et al. 2021). The scoring system included 

recoding of the temperament of animals from their entry into the raceway t i l l their exit 

from the squeeze chute. The scoring of the temperament and ease of handling started with 

the entry of the animal into the system from the barn (lured with pelleted feed, voluntary, 

or forced). The overall state of the animal while passing through the raceway (calm, 

nervous, panicked), its speed or type of movement in the raceway (walking, running, 

jumping), presence and intensity of vocalization (low, medium or high level), the 

necessity to use the tapping stick to trigger the animal to move forward in each section, 

the overall state in the squeeze chute (calm, nervous, panicked) and finally, its exit from 

the squeeze chute system after handling was noted (Table 2.). A primary parameter for 

measuring temperament by Curley et al. (2006) and Parhama et al. (2019) which is exit 

velocity, was judged as running, walking, or jumping out of the squeeze chute. A n y 

specific behaviors such as clicking of joints or unusual behaviors such as shivering are 

also recorded. The final temperament score was the sum of the score for each parameter 

ranging between 0 and 17. 
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Table 2: Temperament indicators used to assess the temperament of farmed eland during routine 

handling procedures (Musa et al. 2021). 

Parameters Categories Description Score 

Entrance in the system Voluntary The animal walks toward the raceway without the 0 

handlers' interference 

Lured The animal is lured with a treat or sound cue 1 

Forced The animal is forced by the handler using a tapping 2 

stick or by rising up and clapping hands 

Overall state before and along the Calm The animal does not make frequent eye contact and is 0 
raceway not agitated 

Nervous The animal is agitated, uneasy 1 

Panicked Jumping, backward and forward movement, 2 

aggressive toward the handler 

Use of tapping sticks Yes/No If a stick was used in each of the four areas of the 1/0 

corridor to touch/tap the animals to move to the 

following corridor 

Nature of the movement through Walking The animal walks calmly along the raceway 0 
the system 

Running The animal seems to be tensed and trots from one 1 

corridor to another 

Jumping The animal is jumping and moving forward and 2 

backward 

Presence and intensity of None 0 

vocalisation 

Low 1 

Medium 2 

High 3 

Overall state in the squeeze chute Calm The animal remains mildly calm while measured and 0 

biological samples are being collected 

Nervous The animal is tense, uneasy, and lying down 1 

Panicked The animal is trying to jump, pushing its head/horns 2 

toward the handler 

Exit from the chute Walking The animal calmly walks out of the chute with mild 0 

human interference 

Running The animal runs away from the chute 1 

Jumping The animal jumps out and trots off at high speed 2 
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4.3. Social interaction, Linearity, and Dominance index 

The experimental animals were routinely observed for social interaction throughout the 

period of the study. While recording the data for social interaction, and through the 

experimental period, the studied animals were put together in the same group. The total 

number of animals in the group was 14 in January 2020 and it gradually increased up to 

20 in November 2020 due to management needs. The behavioural observation was done 

in the barn to increase the frequency of agonistic interaction, as prior studies in the farm 

had shown poor interaction in the paddock (Kiley-Worthington 1977); as confinement 

increases aggression and competition for scarce resources thereby increasing social 

interaction which can equally reveal the true status of the resource-holding potential of 

each individual in the social group. Ad libitum sampling (Altmann 1974) was used to 

continuously observe agonistic interaction for a period of 5 hours (0800 - 1300) during 

each observation. The social interaction was done the subsequent day or within the week 

in which handling of the animals was carried out. Before the study, the animals were 

already habituated to the observer as such the presence of the observer in the barn did not 

confound the frequency of interaction. Moreover, observers also carried out the 

observation from a distance that would not influence the occurrence of interactions. 

Caution was taken to make sure the identity of the animals from their ear tag or 

unique natural marking is recognized before an interaction was considered valid or 

recorded. Moreover, binoculars (Canon 10X30 IS) were used to increase the visibility of 

the identity of the experimental animals. Table 2. shows the ethogram of behaviours 

observed and recorded during the study. The ethogram was adapted from Ki ley-

Worthington (1977) where dyadic or triadic initiator-recipient interactions were measured 

by considering postural, protective, and orientation movements, geared toward 

establishing dominance. Simply put, a dyadic (interaction between two individuals) 

interaction was observed from the beginning to the end, the winner and the loser were 

recorded and taken note of the time during which the interaction occurred. 

Agonistic/aggressive interactions were ensured when one animal physically confronts or 

attacks another animal or makes a ritualized action that threatens another animal or group 

of animals to move away. Generally, agonistic interactions were categorized into contact 

actions (wrestling, yielding/butting, pushing) while non-contact agonistic behaviours 

were recorded as threatening and passing. Other behaviours (grooming, flehmen, 
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mounting; Kiley-Worthington 1977) though affiliative but were considered as part of the 

dominance depending on who benefited from the interaction because in most mammals 

the submissive animal initiates affiliative behaviour (such as grooming the dominant 

animal) to avoid the threat and to gain protection either from conspecifics or other species 

(Vymyslická et al. 2015; Sárová et al. 2016). But in case both individuals benefited such 

as in reciprocal grooming it is considered a draw; this circumstance was controlled in the 

DomiCalc software (Schmid & de Vries 2013). Meanwhile, it has already been 

established in most mammals that age has a strong influence on the frequency of agonistic 

interaction and the linearity of interaction as well as dominance (Vymyslická et al. 2015). 

As such, data relating to agonistic interaction during which linearity was beginning to 

establish was considered in the study. The linearity of the social group was examined 

through two different methods using the winner-loser outcome of interactions on 

DomiCalc (Noldus, Wageningen, The Netherlands; Schmid & de Vries 2013). The first 

method was Landau's (1951) linearity index modified by de Vries (1995; h') which also 

allows testing whether the assumption of the linearity (h') is statistically significant. The 

value of h' varies from 0, indicating the absence of linearity, to 1, indicating complete 

linearity (Cafazzo et al. 2010). Secondly, the linearity was tested through triangular 

transitivity (Shizuka & McDonald 2012). This is because the modified Landau's linearity 

index does not account fully for dyadic interactions which are unknown or individuals 

failing to interact (Klass & Cords 2011). The triangular transitivity (tTri) is based on the 

dominance relationships among sets of three players (triads) and assumes that all interact 

with each other. It is more effective in considering the null or unknown dyadic 

interactions (Shizuka & McDonald 2012). The triangle transitivity (tTri) like the linearity 

ranges from 0 to 1, although it can sometimes be negative as described by Shizuka and 

McDonald (2012); the interpretation is generally more complex. Sti l l , the method also 

provides an associated p-value. Both analyses were performed using the software 

DomiCalc (Schmid & de Vries 2013). Linearity tests (h') were carried out with 10000 

randomizations and the triangle transitivity (tTri) tests with 1000 randomizations. After 

evaluating the linearity of the group, the dominance indices were then computed using 

four different methods. These are David's score (DS; David 1987), Clutton-Brock index 

(CBI; Clutton-Brock et al. 1979), Proportion of dominations (PD; Barroso et al. 2000), 

and lastly the inconsistencies and strength of inconsistencies (I&SI; de Vries 1998; Leiva 

et al. 2010). 
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4.4. Blood Sample Processing 

Data were analysed bimonthly for 6 months, including January, March, May, July, 

September, and November 2020. Analyses were performed at the Laboratory of Animal 

Science, Department of Animal Science and Food Processing, Faculty of Tropical 

AgriSciences, at the Czech University of Life Sciences Prague. A total of 68 blood 

samples were analysed (4 samples were not collected to avoid any possible injury to the 

animal itself and the personnel). After handling all animals for blood collection, all the 

samples were transferred to the laboratory in a box with ice packs. A l l the samples were 

left to settle at least 45 minutes before centrifugation at 2800 rpm for 15 minutes. After 

the centrifugation is complete, the supernatant plasma is pipetted into Eppendorf tubes 

with the help of transferring pipette. The Eppendorf tubes were then stored in the freezer 

a t -18°C (0°F). 

On the day of processing, frozen blood plasma samples were thawed at room 

temperature for at least 1 hour. Then they were mixed by inversion followed by 

centrifugation at 12000 R C F for 2 minutes. Centrifugation ensured homogeneity and 

removed fibrin particles that may have formed during the storage. Prepared plasma 

samples were then analysed for the concentration of blood biochemistry parameters such 

as albumin ( A L B ) , globulin ( G L O B ) , total proteins (TP), creatinine ( C R E A ) , blood urea 

nitrogen ( B U N ) , total protein, alanine aminotransferase ( A L T ) , alkaline phosphatase 

( A L P ) , lactate dehydrogenase (LDH) , amylase ( A M Y L ) , glucose ( G L U ) , calcium (Ca), 

phosphorus (P), and cholesterol ( C H O L ) , total bilirubin (TBJL) using VetTest® 

Chemistry Analyzer ( I D E X X Laboratories, Westbrook, Maine, U S A ) with a standard 

commercial kit ( I D E X X , Czech Republic). A l l the samples were processed following the 

procedure described in I D E X X VetTest® Chemistry Analyzer, Operator's manual. The 

values obtained for blood biochemistry were compared with the values available for 

common elands from Z I M S (2022). 
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4.5. Statistical Analysis 

Kolmogorov-Smirnov and visual examination of the histograms and the Q-Q plots was 

used for examining the normality of the variables analysed. A l l of them were normally 

distributed except the four social rank indices. 

Non-parametric Spearman's ranked correlation was used to examine the degree 

of correlation between the two temperament variables and the four social rank indices. 

As expected, it was strong for the two temperament variables (p=0.412, p<0.001) and 

very strong for the four social rank indices (all p>0.802 and p<0.001). For that reason, 

Principal Component Analysis was used for both groups of variables to obtain a single 

factor for each one. Varimax rotation was used since this method is recommended when 

it is desired to obtain a low number of factors. For temperament, the first factor explained 

70.4% of the variance in the original variables. For social rank, the first factor explained 

74.8% of the variance in the original variables. These factors were used in further analyses 

as short-term (temperament) and long-term (social rank) explanatory variables for the 

studied blood biochemistry markers. The new variables were both normally distributed. 

Generalized Linear M i x e d Models were used to test the effect of temperament and 

social rank (as short- and long-term stressors) in the values obtained for the 14 blood 

biochemistry markers studied. Repeated measures structure was used, with individuals as 

subjects and months as a repeated measure. Sex, body weight, body condition, and age in 

days were also included in the models as covariates. A l l models were designed with 

normal distribution and identity link function, given the normality of all the variables 

used. Collinearity was confirmed in the 5 continuous variables (temperament, social rank, 

body weight, body condition, and age) through the Variance Inflation Factor, which was 

always less than 5, as suggested (Kock & Lynn 2012); thus, ensuring their validity as 

independent variables. A l l statistical analyses were performed using the software SPSS 

ver. 28.0 ( I B M , Armonk, N Y , U S A ) . 
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5. Results 

The results obtained are within the expected ranges (ZIMS 2022) for all the 

animals (Table 3.)- However, four to five samples were removed as they had extreme 

values which might be a result of improper handling of samples in the laboratory as a 

human error. As expected, most of the blood biochemical markers studied were in a 

certain degree affected by general characteristics like sex, age, body weight, and body 

condition (Table 4.). Moreover, our first hypothesis was confirmed and temperament 

during handling, as a proxy of short-term stress, affected several blood biochemical 

markers. A L P and B U N increased in animals with a calm temperament, while A L B , G L U , 

T B I L , and TP decreased in these animals. On the contrary, second hypothesis was not 

confirmed since social rank, as a proxy of long-term stress, just affected A L B (higher in 

dominant animals). Males had a higher but not significant average rank than females (t=-

5.185, p=0.197), and thus this social rank effect can be considered independent of the sex 

effect also found (Figure 12.). 
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Table 3. Descriptive statistics of the biochemistry parameters for common eland obtained in the 
study compared with the reference interval ZIMS (2022). 

Biochemistry 
parameters 

N Mean Median Maximum -
Minimum 

Reference 
Interval (95%) 

Reference Interval 
ZIMS (2022) 

ALB (g/L) 64 34.2 35.0 30.0 -39.0 30.0 -39.0 13.0 -42.9 

ALP (U/L) 64 96.0 87.0 43.0- - 206.0 43.6- - 202.3 36- -367 

ALT (U/L) 64 23.5 23.0 10.0 -38.0 10.6 -36.1 1--25 

A M Y L (U/L) 63 455 451 301 -600 326 -597 30- -750 

BUN (mmol/L) 64 5.95 5.90 4.20 -8.00 4.33 -7.75 2.9- -12.1 

Ca (mmol/L) 63 2.36 2.41 1.59 -2.80 1.62 -2.67 1.7 -2.8 

CHOL (mmol/L) 64 2.12 2.05 1.52 -3.08 1.62 -3.02 0.65 -2.58 

CREA (Mmol/L) 64 127 125 91- -172 92- -163 35- -265 

GLOB (g/L) 64 41.4 41.0 35.0 -48.0 35.6- -47.38 3- -59 

GLU (mmol/L) 64 4.45 4.45 2.64 -6.66 2.75 -6.24 3.61- 15.65 

P (mmol/L) 64 2.52 2.27 1.25 -5.96 1.31 -5.48 0.94 -3.88 

TBIL (pmol/L) 64 4.08 4.00 1.00 -8-00 1.00 -8.00 1.7 -23 

TP (g/L) 64 75.6 76.0 67.0 -85.0 67.0- - 83.75 47 -93 

LDH (u/L) 63 3994 3673 2137 -8720 2164 -8259 352- -1794 

Table 4. G L M M s . Factors affecting each biochemical marker. Shown (3 coefficient and p-value in 
brackets. Full models are shown. P-values over 0.1 are indicated as not significant. 

Blood parameters Sex1 Age Body condition Body weight Social rank Temperament 

ALB (g/L) 2.140 (<0.001) -6.056 (<0.001) 0.909 (ns) 0.038 (0.031) 0.817 (0.024) 0.892 (<0.001) 

ALP (U/L) 44.495 (ns) -1.391 (ns) -22.767 (0.020) 0.764 (0.003) -0.510 (ns) -8.401 (0.053) 

ALT (U/L) 0.446 (ns) 0.019 (ns) 0.235 (ns) 0.044 (ns) 0.011 (ns) 1.474 (ns) 

A M Y L (U/L) -2.455 (0.090) 131.227 (<0.001) .44.846 (0.006) -1.351 (<0.001) -2.707 (ns) -0.940 (ns) 

BUN (mmol/L) 0.110 (ns) -0.438 (ns) 0.675 (0.013) -0.006 (ns) 0.042 (ns) -0.413 (<0.001) 

Ca (mmol/L) 0.193 (0.005) -0.384 (0.004) -0.249 (0.002) 0.008 (<0.001) -0.007 (ns) 0.001 (ns) 

CHOL (mmol/L) 0.077 (ns) 0.221 (ns) -0.055 (ns) -0.001 (ns) -0.018 (ns) -0.004 (ns) 

CREA (Mmol/L) 7.247 (0.065) 20.764 (0.010) 20.480 (<0.001) -0.147 (ns) -0.055 (ns) -2.163 (ns) 

GLOB (g/L) -0.862 (ns) 4.104(0.017) 1.122 (ns) -0.081 (<0.001) 0.058 (ns) 0.093 (ns) 

GLU (mmol/L) -0.019 (ns) -1.048 (0.001) 0.185 (ns) -0.007 (ns) 0.027 (ns) 0.308 (<0.001) 

P (mmol/L) -0.650 (0.012) 0.660 (ns) 0.600 (0.043) -0.023 (0.001) 0.171 (ns) 0.025 (ns) 

TBIL (Mmol/L) -0.533 (ns) -0.921 (ns) 0.337 (ns) -0.010 (ns) 0.231 (ns) 0.619 (0.006) 

TP (g/L) 0.294 (ns) -2.432 (ns) 2.564 (0.059) -0.035 (ns) -0.190 (ns) 1.385 (0.006) 

LDH (u/L) -215.985 (ns) -491.339 (ns) 349.656 (ns) 5.598 (ns) -112.700 (ns) 179.961 (ns) 

1 Male as category of reference. 
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Figure 12: Changes in A L B concentrations (g/L) due to the effect of social rank on both 

sexes of common eland in captivity (Males in blue, Females in Red). 

Blood chemistry parameters including A M Y L , Ca, C R E A , G L O B , and P were not 

influenced due to the temperament or social rank, as proxies of short- and long-term 

stress, respectively. Although they showed changes due to the controlled factors including 

sex, age, body condition and body weight of animals. On the other hand, A L T , C H O L 

and L D H were affected by handling, social rank, and the controlled factors. 

The animals within the experiment were habituated to monthly handling for routine 

collection of biological samples. Hence, the stress hormones production and ultimately 

the physiological manifestations of the stress response should be minimum while 

handling them, as in cattle (Grandin 1997). A l l the results obtained for blood biochemistry 

parameter values were within the reference value range (ZIMS 2022), proving that the 

animals had no subclinical pathologies. It satisfies the first objective of the study to 

standardise the reference values available for common eland blood chemistry parameters. 

It is also important to acknowledge that the reference values may be affected by factors 

such as the method of capture, age, nutrition, season, and health status of the animals 

6. Discussion 
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(Marco & Lavin 1999; Z I M S 2022). The results confirm that the values obtained 

fluctuated, although were almost all within the reference range during the experiment. 

The first hypothesis that a short-term stressor i.e., handling, affects the blood 

biochemistry parameters was confirmed as six blood biochemistry parameters displayed 

changes among 14 parameters analysed. The parameters that were affected due to 

handling include A L B , A L P , B U N , G L U , T B I L , and TP. However, the second hypothesis 

that long-term stressor i.e., social rank, affects the blood biochemistry parameters, was 

not confirmed as only one parameter A L B showed changes in its levels. These results 

were obtained while controlling other factors in the experimental settings which might 

affect the results including sex, age, body weight, and body condition score. 

The temperament score shows the amount of stress response produced by animals. 

Animals with higher temperament scores are more stressed and vice versa. The present 

study shows an increase in A L B and T P with the increase in the temperament score. A L B , 

which contains almost 50% of TP, increased showing influence by handling. The present 

study's results align with those obtained by Marco and Lavin (1999) who reported that 

TP, A L B , and G L O B concentrations are affected by capture methods of red deer. Changes 

in A L B levels are counterbalanced by changes in G L O B levels ( I D E X X 2014) as they 

sum up to make the TP value. It was noted as opposite direction changes in the A L B and 

G L O B levels in strong correlation with age and body weight but interestingly 

temperament was not correlated with G L O B . Glucose is the main energy source in 

animals, and it is also known that the stress response is enhanced by an increased 

concentration of G L U (Kerr 2002). Similarly, in the present study, G L U levels increased 

in stressed animals while handling showing a strong positive correlation. This indicated 

the increase in the stress response with the increase in the temperament score. It 

essentially means that the more the animal struggles in the chute, the more energy it 

requires for movement, and that energy is available in the form of G L U . Urea or B U N is 

a nitrogen waste product and is an indicator of renal efficiency. Elevated B U N is due to 

the high production of ammonia in the rumen and high exogenous nitrogen in the intestine 

(Caldeira et al. 2007a) which is to a large extent affected by protein content in the diet. 

Calm animals showed higher B U N levels, although not outside the reference interval, in 

the present study which implies increased renal function. However, the reason for the 

increase cannot be specified to handling as the diet was offered ad libitum and the amount 

38 



of feed intake and water was unknown due to practical experimental limitations. Total 

bilirubin is used as a marker for cholestasis which mostly accompanies a liver problem. 

Increase in the temperament score showed an increase in the T B I L value in the present 

study. A potential reason for the increase can be the instantaneous breakdown of red blood 

cells which are released in the acute response to stress stimuli. The only enzyme that was 

negatively correlated to temperament was A L P . A widely studied enzyme A L P shows 

elevations when there is a hepatic pathology involving the biliary system ( I D E X X 2014). 

It increased in the females with a calm temperament in the present study which was not 

previously observed before in common elands. The reason for this correlation is unclear 

due to the absence of any hepatic problem. Interestingly, in dogs, A L P production is 

reported to be induced by stress but the increase in other species such as common eland 

is debatable and requires further exploration. 

The parameters that were not affected due to the influence of handling were 

C R E A , Ca, P, A L T , A M Y L , C H O L , G L O B , and L D H . A possible explanation for the 

normal value can be majorly attributed to the absence of any clinical pathologies in the 

animals that might have occurred due to the short-term stress i.e., handling. For example, 

significant C R E A changes can be seen due to muscle damage which was not evident in 

the experiment. Furthermore, minerals such as Ca and P are maintained by hormonal 

regulation which in healthy individuals is mostly in equilibrium. Lastly, A L T , A M Y L , 

C H O L , and G L O B levels are maintained by mostly their production by the liver (and 

intestine for A M Y L ) , which remain unchanged in the absence of hepatopathy or 

cholestasis. 

The social rank only affected A L B , out of all parameters analysed and it was not 

influenced by the sex of the animals as explained in the results section. Albumin levels 

increase in the presence of dehydration or secondary blood concentration due to fluid loss. 

Observations during the experiments did not record any event for potential fluid loss such 

as diarrhoea directly. It could have been due to their hydration status in morning hours 

when the fluid intake is less, and the blood samples were taken. It is generally believed 

that resources such as water are more accessed by animals with higher ranks (Vymyslická 

et al. 2015; Sárová et al. 2016), and they should not be dehydrated with increased A L B 

levels. Hence, it is surprising to observe that the results obtained here are contrary to the 

general perception. 
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Factors such as age, sex, body weight, and body condition score affected the blood 

biochemistry parameters to some extent. Russell and Roussel (2007) pointed out that 

C R E A production is related to extent of the muscle mass in the body. In addition, 

alterations of C R E A concentrations in stressed animals have been reported before 

(Knowles & Warriss 2000; Lopez-Olvera et al. 2006). Interestingly, the present study 

noted a strong positive effect of B C S on C R E A production, aligning with the previous 

studies (Knowles & Warriss 2000; Lopez-Olvera et al. 2006; Russell & Roussel 2007). 

Minerals such as Ca and P were not affected by stress from handling. Old, heavy females 

showed increased Ca with no effect on temperament. On the other hand, heavy males 

irrespective of their age showed lower P levels. Satyanarayana & Chakrapani (2007) 

noted that blood Ca is regulated by three different hormones (Figure 2.) and Ca and P 

metabolism is interdependent ( I D E X X 2014). As mentioned before, all the animals were 

healthy and were not having any pathology that could potentially affect the parathyroid 

glands responsible for the hormonal regulation of C a and P. Hence, it can be said that the 

changes were purely normal physiological fluctuations and not due to the stress of 

handling. Interestingly, A M Y L whose production site and activity is dependent on the 

liver and intestine was not affected by the temperament of animals but was strongly 

positively and strongly negatively affected by age and body weight of the males, 

respectively. Alanine aminotransferase, L D H , and C H O L did not show any correlations 

with the proposed continuous variables. It can be fairly said that in the absence of any 

hepatic pathology, skeletal damage, or endocrine disorder, the relative levels of A M Y L , 

T B I L , A L T , L D H , and C H O L remain in the reference ranges. Hepatic diseases mostly 

manifest with some evident clinical signs such as jaundice which was not observed in any 

animals, and it supports the normal levels and fewer fluctuations. 

Overall, handling affected females more than males as A L B , A L P , C R E A , and Ca 

values were significantly higher in females. Males on the other hand showed higher 

A M Y L and P levels than females. The age of the animals was noted to have strongly 

correlated with the increase in A M Y L , C R E A , and G L O B whereas it was strongly 

negatively correlated with A L B , Ca, and G L U . Animals with higher B C S had decreased 

A L P , A M Y L , and Ca levels and increased B U N , C R E A , and slightly increased P and T P 

levels. A n increase in body weight influenced A L B , A L P , and Ca levels to rise and 

decreased A M Y L , G L O B , and P levels. Total bilirubin was only influenced by the 

handling of the animals which decreased in calm animals and was not affected by sex, 
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age, B C S , body weight, or rank of the animals. Alanine aminotransferase, C H O L , and 

L D H remained unchanged and showed no influence because of handling. Although G L U 

levels were strongly negatively correlated with age proving that the animals are getting 

habituated to handling showing stress responses of lesser intensity. 

The blood biochemistry parameter values in the present study are mostly within 

the normal reference range after applying an outlier removal approach for the few values 

which were out of the normal reference range. Few values outside the reference interval 

are not considered to be a reason for a potential disease or a pathology rather they are 

normal physiological processes without any manifestation. Although, a careful approach 

that involves physical evaluation, and re-testing the animals for particular parameters that 

are out of the range is advisable. 

Interpretation of the blood biochemistry profile is also crucial. Despite being a 

very complicated process, it has been simplified over the years with the help of pattern 

identification. The process starts with asking i f the constituents present in the plasma are 

supposed to be there or not. For example, albumin and electrolytes are normally present 

in plasma and their presence cannot be considered abnormal. The second step of this 

process is to consider the functions of plasma to transport some molecules, i.e., glucose 

and hormones, and to clear waste products such as urea from the body. The final step 

involves minimizing the area of interest in a particular system or an organ, for example, 

a sudden increase in the A L T level w i l l move the direction of the diagnosis towards liver 

damage ( I D E X X 2014). Ideally, the following tests w i l l include only specific parameters 

that magnify the pathology or disease process and wi l l add one more step to the pattern. 

Identification of combinations of parameters that vary and the patterns they present with 

their deviation help in correctly choosing the next step for further examination and this is 

the key to reaching a definitive diagnosis. Stress has been known to affect haematological 

parameters and this study shows the influence of short and long-term stress on the blood 

biochemistry parameters as discussed above. This can be considered by veterinarians 

while identifying patterns for diagnosis to avoid false diagnosis. Correctly interpreted 

tests lead to the continuation or cessation of medicinal treatment, nutrition plans, and 

other husbandry measures. This can significantly affect the economic and management 

aspect of any captive population, be it a zoo or a research facility. 
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The main difficulty for this study was comparing the literature available for blood 

biochemistry parameters of common eland that is related to the proposed problem and the 

acquired methodology for the present study. To overcome these hurdles, concepts relating 

mostly to farm animals such as cattle and pigs were reviewed and presented. The present 

study gives new insights into the blood biochemistry of common eland which was not 

studied previously to the extent that involves the effects of short-and long-term stressors. 

This study also verifies the reference values (ZIMS 2022) and thereby establishes the 

normal reference values of 14 different blood biochemistry parameters for common eland 

(135.1+2.25kg body weight, 3.8+0.1 B C S , 9.2+1.5 months). Handling, which is an 

essential part of routine herd management, is now established to affect the blood 

chemistry of common eland satisfying the second objective of the study. A s handling is 

a routine procedure for farm/captive animals, now we know the magnitude of its effect 

on normal physiology as a short-term stressor. This can be used more efficiently and 

justifiably in captivity management of common eland and other related antelopes. Also, 

it can be crucial for the understanding of the welfare of the animals as it is not affecting 

the animal to a level that can be pathologic. The last objective of the present study was 

examining the effects of long-term stressor i.e., social rank. Social rank did not affect the 

blood biochemistry profile (only affected A L B ) as per the present study which can lead 

to a conclusion that keeping the animals in the same group w i l l not affect their normal 

physiology to a large extent. This also lines with the normal behavior of common eland 

to be in herds in nature. Furthermore, it also suggests that common elands can be kept in 

captivity the same as farm animals as we know that the impact of the long term stress due 

to social rank is negligible. 

7. Conclusions 

The present study shows that short term stress through routine handling using a 

specialised squeeze chute affected the blood biochemistry profile of captive common 

eland. Thus, the first hypothesis was confirmed. On the other hand, the second hypothesis 

was rejected in the absence of relatively insignificant changes in the blood biochemistry 

parameters concluding that the social rank of animals does not have an influence on the 

blood biochemistry parameters. Although, the variations remained within the reference 

intervals suggesting that handling of the animals can be performed periodically without 
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any major pathological consequences while maintaining animal welfare in the captivity. 

The results of the present study standardised the available reference intervals for blood 

biochemistry parameters with fairly large number of samples and established that their 

proper interpretation can be helpful to veterinarians in making a clinical diagnosis. In 

future, studies with controlled diet and water intake can be performed to identify their 

influence on blood biochemistry which was a limitation that might have impacted the 

results of this study. 
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Appendices 

List of the Appendices: 

1. Temperament observation 

Date: Observer: 

ID 
General state Use of stick Vocalisation Aversion to enter system Movement through system State in crash Exit 

Clicking ID 
Calm Nervous Panicked Phase 1 Phase 2 Phase 3 Phase 4 None Lew Medium High Voluntary Food lure Forced Walking Running Forced Calm Nervous Panicked Walking Running 

Clicking 

1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

I 



2. Social interactions observation 

D a t e _ 

Group. 

Observers 

Time Winner Loser Interaction Remarks Time Winner Loser Interaction Remarks 

II 


