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The physical capture of wild ungulates is performed for different purposes when anesthesia in field conditions is not possible or advisable. The use of tranquilizers may contribute to improved welfare of captured animals. This study aimed to evaluate the effect of azaperone and haloperidol on the stress response of Iberian ibex (Capra pyrenaica) through the evaluation of physiological, hematological, and serum biochemical parameters. Thirty-five Iberian ibexes were drive-net captured and randomly injected with azaperone (0.52± 0.07 mg/kg intramuscularly (IM); n=10), haloperidol (0.17± 0.04 mg/kg IM; n=10), or saline (0.5 mL IM; n=15) and physically restrained for 3 h. The variability of heart rate was lower in the azaperone-treated ibexes, suggesting a calming effect, and erythrocyte and biochemical parameters indicated vasodilation, splenic sequestration, hemodilution, improvement of renal perfusion, and a protective effect on muscle as a result of smooth muscle relaxation induced by azaperone. Haloperidol showed poorer results, maybe due to insufficient dosage. These results support the suitability of using azaperone in capture operations of Iberian ibex in order to reduce stress and prevent its adverse effects.

Introduction

The capture of Iberian ibex (Capra pyrenaica), an expanding although "near threatened" species (IUCN Caprinae Specialist Group 2007), is performed for translocation, population restocking, or scientific purposes. The resulting stress response is highly variable depending on the species and the capture method used [START_REF] Kock | Effects of capture on biological parameters in free-ranging bighorn sheep (Ovis canadensis)-evaluation of drop-net, drive-net, chemical immobilization and the net-gun[END_REF]. Drive nets have proved to be suitable for routine capture operations of Iberian ibex (Casas-Díaz et al. 2008a) and other species of wild ungulates [START_REF] Kenny | Successful field capture techniques for free-ranging Argali sheep (Ovis ammon) in Mongolia[END_REF][START_REF] López-Olvera | Effects of acepromazine on the stress response in Southern chamois (Rupicapra pyrenaica) captured by means of drive-nets[END_REF][START_REF] Montané | Effects of acepromazine on capture stress in roe deer (Capreolus capreolus)[END_REF]. Nevertheless, keeping stress to a minimum is necessary to improve animal welfare in terms of reducing anxiety and lessen mortality derived of the physiological negative effects of stress [START_REF] Spraker | Stress and capture myopathy[END_REF].

Catecholamines and corticosteroids released during the stress response, together with prolonged exertion, induce changes in hematological, serum biochemical, and physiological parameters [START_REF] Guyton | Textbook of medical physiology[END_REF]. Those parameters, or a combination of them, have been widely used as indicators of stress in wild ungulates [START_REF] Franzmann | Physiologic values in wild bighorn sheep (Ovis canadensis canadensis) at capture, after handling, and after captivity[END_REF][START_REF] Hattingh | Physiologicalresponse to manual restraint of wild Impala[END_REF][START_REF] Horalek | The heart rate of farmed red deer during and after transportation[END_REF][START_REF] Hyvärinen | Some effects of handling reindeer during gatherings on composition of their blood[END_REF][START_REF] Kock | Effects of capture on biological parameters in free-ranging bighorn sheep (Ovis canadensis)-evaluation of drop-net, drive-net, chemical immobilization and the net-gun[END_REF][START_REF] Marco | Effects of capture and transport on blood parameters in free-ranging mouflon (Ovis ammon)[END_REF][START_REF] Mautz | Blood-serum analyses of chemically and physically restrained white-tailed deer[END_REF][START_REF] Rehbinder | Influence of stress on some bloodconstituents in reindeer (Rangifer tarandus)[END_REF][START_REF] Waas | Real-time physiological responses of red deer to translocations[END_REF].

Animal welfare is improved when tranquilizers are used appropriately [START_REF] Ebedes | Use of tranquilizers in wild herbivores[END_REF]. The usefulness of acepromazine (ACP) to reduce stress in Iberian ibex has been demonstrated in previous studies (Casas-Díaz et al. 2008b). Haloperidol and azaperone (butyrophenones family) are short-acting neuroleptics which induce central dopaminergic and peripheral adrenergic blockade [START_REF] Booth | Psychotropic agents[END_REF][START_REF] Plumb | Veterinary drug handbook[END_REF]. Both have been described as effective sedatives in small-and medium-sized antelope and deer species (haloperidol: 0.06-0.45 mg/kg; azaperone: 0.05-2.83 mg/kg) [START_REF] Arnemo | Deer farming in Norway. A review of the currently available drugs that can be used for immobilization, pain relief and anaesthesia[END_REF][START_REF] Ebedes | Use of tranquilizers in wild herbivores[END_REF][START_REF] Read | Use of azaperone and zuclopenthixol acetate to facilitate translocation of white-tailed deer (Odocoileus virginianus)[END_REF][START_REF] Swan | The capture and care manual. Capture, care, accommodation and transporta-tion of wild African animals[END_REF].

In order to find other tranquilizers useful for the treatment of stress in the Iberian ibex, we evaluated the effect of azaperone and haloperidol on stress indicators of drive-net captured individuals.

Materials and methods

Thirty-five free-ranging Iberian ibexes (age range: 1-11 years; 4.1±2.51 years [mean±standard deviation]; sex: 11 males and 24 females), were captured with 10×10 cm mesh drive nets (Ziboni Ornitecnica, Bergamo, Italy), as described by [START_REF] López-Olvera | Comparative evaluation of effort, capture and handling effects of drive nets to capture roe deer (Capreolus capreolus), Southern chamois (Rupicapra pyrenaica) and Spanish ibex (Capra pyrenaica)[END_REF]. Capture operations (n=12; March 2005-November 2007) were performed at the National Game Reserve of Puertos de Tortosa y Beceite (40°50′ N, 0°30′ E), in Northwest Spain, and in the early morning, to avoid heat, and keep environmental conditions consistent.

Once trapped, ibexes were physically restrained, blindfolded, and held in a 4×4 cm mesh sack nets (Ziboni Ornitecnica, Bergamo, Italy) until released 3 h later. Blood samples were collected (disposable 10-mL syringes with 21-G×1 in needles) from the jugular vein at capture (time0) and each hour thereafter for 3 h (times1, 2, and 3). Two milliliters of each sample were placed in commercial tubes with anticoagulant (ethylenediaminetetraacetic acid-k 3 ) and the remainder was placed in tubes for serum collection, allowed to clot at room temperature, and centrifuged at 1,800 G. Blood samples were conserved and transported at 4°C until analysis, 2 to 5 h after collection. Serum was frozen at -20°C until analysis for a maximum period of 2 months. After collection of the first blood sample, random injections of azaperone-n =10; two males and eight females-(0.52±0.07 mg/kg [mean±standard deviation]) (Stressnil; Janssen-Esteve Laboratories, Barcelona, Spain), haloperidol-n = 10; 4 males and 6 females-(0.17 ± 0.04 mg/kg) (Haloperidol; Kern Pharma-Esteve Laboratories, Barcelona, Spain) or saline-n=15; five males and ten females-(0.5 mL) were administered intramuscularly (IM) in the hamstring muscle groups (semimembranous, semitendinous, and biceps femoris). Dosages intended for use were similar to those previously reported in other species of wild ungulates (0.2 mg/kg of haloperidol; 0.5-1 mg/kg of azaperone). Since doses were previously filled in syringes for standard weights of the species according to sex and age class, the resulting dosages were obtained dividing the injected dose by the real weight of each animal. Ibexes were kept in a quiet site close to the capture site until the end of the study (3 h altogether, from capture).

Ibexes were fitted with heart rate (Polar S710i; Polar Electro, Kempele, Finland) and body temperature (Mätman datalogger, Chipsobits Eltex AB, Almut, Sweden) recording devices, as previously described [START_REF] López-Olvera | Transport stress in Southern chamois (Rupicapra pyrenaica) and its modulation by acepromazine[END_REF], which is approximately 20-30 min after restraint and treatment administration. Both heart rate and rectal temperature were recorded at 60-s intervals until release and the mean values every 5-min calculated for statistical analysis. The erythrocyte and leukocyte counts, and the hemoglobin concentration, were determined by means of an automated laser analyzer (Advia 120,Bayer,Fernwald,Germany). The packed cell volume (PCV) was measured using a microhematocrit centrifuge (Hematospin 1400, Hawksley, Lancing, England) at 14,000 G for 6 min. The differential leukocyte count was performed by identifying 200 leukocytes on blood smears stained with a commercial Diff-Quick-like stain (Química Clínica Aplicada, Amposta, Spain). Biochemical parameters were determined by means of an automatic analyzer (Olympus AU400, Olympus, Tokyo, Japan), except for cortisol, which was analyzed with a commercial ELISA kit (EIA-1887, DRG Instruments, Marburg, Germany).

Repeated measures analysis of variance was used to detect significant differences by means of the PROC MIXED procedure of SAS System for Windows, V9.1 (SAS Institute, Cary, NC, USA). The main factor was treatment (azaperone, haloperidol, or saline), and the repeated factor was time. For each variable, sex, age, season, and interactions between these factors were considered in the model. When statistical differences between treatment groups at time 0 were obtained, values were expressed as a time 0 ratio. Estimated marginal means (command least-square means-LS MEANS-of SAS) were used due to the unbalanced distribution of animals between groups. In all cases, the minimum accepted significance level was P<0.05.

This study was approved by the Animal Welfare Committee of the Universitat Autònoma de Barcelona.

Results

Animals captured per operation ranged from zero to a maximum of eight animals (2.45 ± 2 [mean ± standard deviation]). Thirteen ibexes were captured in five capture events performed in spring and 22 in other seven capture events performed in autumn.

Both heart rate and rectal temperature decreased over time in all three groups (Fig. 1). However, stabilization of heart rate (i.e., lack of significant differences between two consecutive means) occurred earlier in the control ibexes (60 min after beginning of monitoring) than in the ibexes treated with haloperidol (70 min). Heart rate record did not stabilize in the azaperone group. The azaperone-treated ibexes displayed significantly higher values for this parameter than the controls at min 50, 70, and from 95 to 100. The haloperidol-treated ibexes also displayed higher values than the controls from min 40 to 50. On the other hand, individual and interindividual variability of heart rate was significantly lower in the azaperone-treated animals (11.81% ± 2.74% and 15.91% ± 5.44% [mean ± standard deviation]) than in the controls (15.57%± 4.11% and 17.82%±5.69%); in the haloperidol group (13.18%±5.68% and 17%±5.45%), these coefficients did not significantly differ from those in the other groups. No treatment differences in body temperature were observed between groups.

The erythrocyte count, PCV, hemoglobin, and total protein concentrations decreased over time in all groups, the stronger decrease being observed in the azaperonetreated ibexes, which also displayed lower values for these parameters than the control from time1 onward. The haloperidol group did not show treatment differences in these parameters when compared to the control and azaperone-treated groups (Fig. 2). A transient significant decrease of WBC count was observed in both the treated groups at times1 and 2.

Serum lactate and potassium concentrations decreased more in both the treated groups, serum creatinine concentration decreased only in the azaperone-treated animals, and serum urea concentration increased more in the control ibexes (Fig. 3). Serum activity of creatine kinase (CK) increased in both the control and the haloperidol groups, the stronger increase being observed in the untreated ibexes. The serum activity of alanine aminotransferase (ALT) increased only in the control ibexes. The azaperone group showed lower values of CK at the end of the study period and of ALT from time1 onward. The lactate dehydrogenase (LDH) and the aspartate aminotransferase (AST) increased in all the ibexes, the stronger rise being observed in the control ones (Fig. 4).

The remaining parameters (serum cortisol, glucose, cholesterol, bilirubin, chloride and sodium concentrations, and alkaline phosphatise activity) did not show clear treatment differences. Significant differences according to sex, age, and season or their interactions were not detected.

Discussion

Stress caused by capture and handling in wild ungulates can be assessed by measuring changes in hematological, biochemical, and clinical parameters [START_REF] Cross | Effect of physical restraint and xylazine sedation on hematological values in red deer (Cervus elaphus)[END_REF][START_REF] Kock | Effects of capture on biological parameters in free-ranging bighorn sheep (Ovis canadensis)-evaluation of drop-net, drive-net, chemical immobilization and the net-gun[END_REF][START_REF] Meyer | Hyperthermia in captured impala (Aepyceros melampus), a fright not flight response[END_REF][START_REF] Waas | Real-time physiological responses of red deer to translocations[END_REF][START_REF] Williams | Exertional myopathy (Capture myopathy)[END_REF]. According to [START_REF] Hopster | Validation of a heart-rate monitor for measuring stress-response in dairy-cows[END_REF], heart rate is a good indicator of the status of the autonomic nervous system when confronted with stressors. Both stress response and the effect of tranquilizers in the treated ibexes had already started when monitoring of heart rate began. The higher records observed in both the treated groups in our study could be due to the reflex tachycardia secondary to hypotension caused by the tranquilizers [START_REF] Plumb | Veterinary drug handbook[END_REF], as previously reported in tranquilized deer [START_REF] Diverio | Use of long-acting neuroleptics to reduce the stress response to management practices in red deer[END_REF][START_REF] Montané | Transport stress in roe deer (Capreolus capreolus). Effect of a short-acting antipsychotic[END_REF][START_REF] Montané | Effects of acepromazine on capture stress in roe deer (Capreolus capreolus)[END_REF]. Nevertheless, it increases at capture due not only to catecholamines, but also to physical activity and handling of the animal, so that other authors suggest that heart rate variability (HRV) may be a better indicator of stress. HRV is a measure of the state of the autonomic nervous system function (competitive activity of sympathetic and parasympathetic branches) of the individual and of its capacity to respond to environmental demands (Golberger 1991;[START_REF] Porges | Spontaneous oscillations in heart rate, potential index of stress[END_REF]. The lower HRV in the azaperone-treated ibexes suggests a calming effect, which is not observed in the haloperidol-treated group. Therefore, although a low degree of sedation is described for butyrophenones [START_REF] Plumb | Veterinary drug handbook[END_REF], the cardiovascular effects of azaperone could partially mask its beneficial ones. An inappropriately low dose could be the reason for this result in the haloperidol-treated ibexes. In our study, heart rate between the control and the azaperone-treated groups at each time; the dot indicates significant differences between the control and the haloperidol-treated groups; the asterisks indicate significant differences between both the treated groups. Different letters (a, b, c; p, q, r; x, y, z) indicate significant differences (P<0.05) between means within same treatment group along time stabilized before in the control group, which could also be attributable to the cardiovascular effects of butyrophenones [START_REF] Booth | Psychotropic agents[END_REF].

Body temperature is one of the main parameters to be considered when performing physical capture of wild animals, since its increase may determine the development of capture myopathy [START_REF] Spraker | Stress and capture myopathy[END_REF]. The increase cannot be explained by physical activity alone, but also by stressinduced hyperthermia (SIH; [START_REF] Bakken | Effects of environmental stressors on deep body temperature and activity levels in silver fox vixens (Vulpes vulpes)[END_REF]. Since SIH is an anticipatory response, tranquilizers can only modulate hyperthermia, not prevent it. Acepromazine modulated SIH in Iberian ibex subjected to the same capture and handling procedures (Casas-Díaz 2007). In our study, the lack of treatment differences in the temperature record is likely related to the lack of effect of butyrophenones over thermoregulation [START_REF] Plumb | Veterinary drug handbook[END_REF], as observed for haloperidol in blue wildebeest (Connochaetes taurinus) and goats (Capra hircus) undergoing different management or environment conditions [START_REF] Fick | The effect of bomahousing and long-acting tranquilizers on body temperature and food intake of blue wildebeest (Connochaetes taurinus)[END_REF][START_REF] Fick | Long-acting neuroleptics used in wildlife management do not impair thermoregulation or physical activity in goats (Capra hircus)[END_REF]. On the contrary, haloperidol succeeded to significantly decrease temperature in treated vs. untreated ibexes previously captured by the means of box traps (Casas-Díaz 2007). Since box-trap captured animals remain inactive for a few hours, the lack of physical activity could be the reason of this result. Nevertheless, some authors think capture-induced hyperthermia is caused predominantly by stress, more than by physical activity inherent to different capture methods [START_REF] Meyer | Hyperthermia in captured impala (Aepyceros melampus), a fright not flight response[END_REF].

Catecholamines released during stress response stimulate α-adrenergic receptors in the smooth muscle and cause splenic contraction and peripheral vasoconstriction [START_REF] Ganong | Sistema nervioso autónomo[END_REF]. The decrease of erythrocyte count, PCV, hemoglobin, and total protein concentration observed in all three groups indicates a return to baseline values after reaching its maximum at capture. However, the drop was found to be more significant in the azaperone-treated animals, probably due to vasodilation and splenic sequestration of erythrocytes owing to splenic capsule relaxation caused by azaperone [START_REF] Jain | Essentials of veterinary hematology[END_REF]. Hemodilution caused by the vasodilation could also explain the transient decrease observed in total protein concentration and in WBC count [START_REF] Plumb | Veterinary drug handbook[END_REF]. Haloperidol succeeded in significantly decreasing these parameters at higher doses in drive-net captured chamois (0.28± 0.12 mg/kg) and roe deer (0.3±0.04 mg/kg; Mentaberre et al. 1999a, b. Thus, the lack of treatment differences in these parameters in the haloperidol-treated ibexes vs. the controls could be due to insufficient dose (0.17±0.04 mg/kg). The leukogram followed the typical pattern of stress, with initial lymphocytic leukocytosis, and then corticosteroid-induced neutrophilia and lymphopenia [START_REF] Jain | Essentials of veterinary hematology[END_REF].

The lack of clear treatment differences in serum cortisol in our study indicates that it is not a good parameter to assess acute stress in Iberian ibex, as previously described in this (Casas-Díaz et al. 2008b) and other species of wild ungulates [START_REF] Ingram | Ultradian, circadian and seasonal rhythms in cortisol secretion and adrenal responsiveness to ACTH and yarding in unrestrained red deer (Cervus elaphus) stags[END_REF][START_REF] López-Olvera | Effects of acepromazine on the stress response in Southern chamois (Rupicapra pyrenaica) captured by means of drive-nets[END_REF][START_REF] Montané | Effects of acepromazine on capture stress in roe deer (Capreolus capreolus)[END_REF]. The great interindividual differences in stress response, stress-induced changes in costicosteroid concentrations, and other factors such as the circadian, ultracircadian, and seasonal patterns of secretion are the main reasons argued to reject serum cortisol as an acute stress indicator [START_REF] Guyton | Textbook of medical physiology[END_REF][START_REF] Rijnberg | Adrenocortical function[END_REF].

Muscular activity and catecholamine-induced renal vasospasm cause an increase of serum creatinine and urea concentrations [START_REF] Finco | Kidney function[END_REF][START_REF] Kaneko | Serum proteins and disproteinemias[END_REF]. Serum chloride, sodium, and potassium concentrations also increase due to decreased renal excretion and to release from working skeletal muscle (potassium; DiBartola and Autrain de Morais 2000; [START_REF] Gibert | Conséquences de la capture et des manipulations sur la physiologie des ongulés sauvages. Incidence pathologique Bilan et conaissances B Mens Off Nation Chasse[END_REF]). Higher values of serum lactate and lower values of serum total proteins, creatinine, and potassium concentrations have been reported in Spanish ibex in autumn (Casas-Díaz et al. 2008a). The higher percentage of ibexes captured in autumn in the azaperone group (eight out of ten) and in the haloperidol group (six out of ten) when compared to the controls (eight out of 15) in our study could explain the differences between groups found in these parameters at time 0. Since no differences among groups were observed in serum chloride and sodium trends, the lower values of serum urea and potassium concentrations in both treated groups and of serum creatinine concentration in the azaperone-treated group are more probably related to the vasodilatory effect of tranquilizers, mainly azaperone, at the muscular level, rather than to improved renal perfusion. Vasodilation prevents potassium leakage secondary to muscular damage, thus decreasing the risk of shock, ventricular fibrillation, and even death [START_REF] Guyton | Textbook of medical physiology[END_REF].

When muscles move, blood flow decreases as muscle contracts because of the contraction of the vessels and increases during relaxation, which is called the muscle pump [START_REF] Guyton | Textbook of medical physiology[END_REF]. The muscle pump is active when the animal is running but it is inactive when it is immobilized; thus, muscles of frightened and restrained animals are in a relatively isotonic state of contraction, which hinders blood flow into muscles. Serum CK, AST, LDH, and ALT activities, as well as serum lactate concentration, increase due to increased muscle-cell permeability, damage related to poor tissue perfusion, decreased heat dissipation, and hypoxia induced by catecholamines. These conditions may occur in capture-stressed wild ungulates and in those suffering from capture myopathy [START_REF] Vassart | Biochemical parameters following capture myopathy in one Arabian oryx (Oryx leucoryx)[END_REF]. Serum lactate concentration is a good predictor of muscular hypoxia and fatigue, main factors of the pathophysiology of capture myopathy [START_REF] Spraker | Stress and capture myopathy[END_REF], and CK and AST are the most sensitive, specific, and persistent indicators of muscular damage and, therefore, good predictors of capture myopathy too [START_REF] Williams | Exertional myopathy (Capture myopathy)[END_REF]. Muscular enzymes increased only (ALT) or more (CK, LDH, and AST) in the control group, which displayed significantly higher values of CK and ALT at the end of the study period. Serum lactate concentration decreased after capture in all three groups, probably indicating a return to baseline values, as previously reported for wild ungulates [START_REF] López-Olvera | Effects of acepromazine on the stress response in Southern chamois (Rupicapra pyrenaica) captured by means of drive-nets[END_REF][START_REF] Marco | Effects of capture and transport on blood parameters in free-ranging mouflon (Ovis ammon)[END_REF][START_REF] Montané | Effects of acepromazine on capture stress in roe deer (Capreolus capreolus)[END_REF]. However, lower values and stronger decrease were observed in both treated groups. These results indicate that both azaperone and haloperidol exert a protective effect against muscle damage, thus being useful to prevent capture myopathy. These two tranquilizers may yield this beneficial effect by blocking the α-adrenergic receptors or by stimulating the β 2 -adrenergic receptors and inducing vasodilation in striated muscle arterioles and, thus, increasing muscle blood flow, improving the oxygenation, and decreasing the anaerobic metabolism [START_REF] Booth | Psychotropic agents[END_REF][START_REF] Guyton | Textbook of medical physiology[END_REF].

In the present study, azaperone succeed to decrease erythrocyte parameters and creatinine whereas haloperidol did not, when compared to the control ibexes. However, similar effects were observed both for azaperone and haloperidol in muscular enzymes, lactate, urea, and potassium, the milder effects being observed in the haloperidol-treated animals. Since both tranquilizers belong to the butyrophenones family, similar action mechanisms are expected to take place. Thus, the more moderate action of haloperidol could be due to insufficient dose. It is likely that the beneficial effects of butyrophenones are mainly due to the induced peripheral vasodilation, which has a protective effect against the muscular damage that can occur during stress episodes in wild animals, and therefore, against the pathogenesis of capture myopathy.

The results obtained support the suitability of using azaperone in capture operations of Iberian ibex in order to reduce the stress response and prevent its adverse effects, mainly at the muscular level. More studies would be advisable to assess the effects of haloperidol at higher doses in the Iberian ibex. In addition to the use of tranquilizers, other measures to minimize stress should be employed such as blindfolding animals, maintaining a quiet handling environment, minimizing handling, and avoiding environmental conditions that promote hyperthermia.

Fig. 1

 1 Fig. 1 Mean heart rate (A) and rectal temperature (B) of the captured ibex. The arrows indicate stabilization of the control and the haloperidol-treated groups, respectively; the dots and triangles in the x axis indicate significant differences (P < 0.05) between the haloperidol-treated ibexes and the controls and between the azaperone-treated and the control ones, respectively

Fig. 3

 3 Fig. 3 Mean (A) serum lactate, (B) potassium, (C) creatinine, and (D) urea concentrations for the captured ibex. The triangles indicate significant differences (P < 0.05) between the control and the azaperone-treated groups at each time; the dots indicate significant differences between the control and the haloperidol-treated groups; the

Fig. 2

 2 Fig. 2 Mean (A) red blood cell (RBC) count, (B) packed cell volume (PCV), (C) hemoglobin, and (D) total protein concentrations of the captured ibex. The triangles indicate significant differences (P<0.05) between the control and the azaperone-treated groups at each time; the dot indicates significant differences between the control and the

Fig. 4

 4 Fig. 4 Mean (A) creatine kinase (CK), (B) aspartate aminotransferase (AST), (C) alanine aminotransferase (ALT), and (D) lactate dehydrogenase (LDH) for the captured ibex. The triangles indicate significant differences (P<0.05) between the control and the azaperone-treated
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