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Effects of acepromazine on the stress response in Southern chamois
(Rupicapra pyrenaica) captured by means of drive-nets

Jorge R. Lopez-Olvera, Ignasi Marco, Jordi Montané, Encarna Casas-Diaz, Santiago Lavin

Abstract

This study was conducted to assess the stress response of Southern chamois (Rupicapra pyrenaica) to capture and physical
restraint and the effects of acepromazine (a short-acting neuroleptic) on this response. Forty free-ranging Southern chamois
were captured, injected intramuscularly with acepromazine (19 animals, randomly selected) or saline (the other 21 animals), and
physically restrained for 3 h. Heart rate and body temperature were monitored with telemetric devices, and blood samples were
obtained at capture and every hour thereafter to determine hematologic and serum biochemical parameters. The lower heart-rate
variability, temperature, erythrocyte count, hemoglobin concentration, packed cell volume (PCV), and serum creatine kinase
activity in the animals treated with acepromazine indicated that this agent reduced the adverse effects of stress. According to
the differences in heart rate, erythrocyte count, hemoglobin concentration, PCV, lymphocyte count, and serum concentrations
of glucose, creatinine, chloride, and potassium, a-adrenergic stimulation by catecholamines seemed to be stronger in females,
whereas the adrenal-cortex reaction seemed to be stronger in males. The differences in erythrocyte parameters, temperature,
serum creatine kinase activity, and serum concentrations of potassium and chloride indicated that acepromazine’s beneficial
effects were greater in females.

Résume

Cette étude visait a évaluer la réponse au stress de chamois (Rupicapra pyrenaica) suite a leur capture et contention physique et les effets
de I'acépromazine (un agent neuroleptique de courte durée) sur cette réponse. Quarante chamois en liberté ont été capturés, injectés par voie
intra-musculaire avec de I'acépromazine (19 animaux sélectionnés au hasard) ou de la saline (les 21 autres animaux), et retenus physiquement
pendant 3 h. Le rythme cardiaque et la température corporelle ont été suivis a I'aide d’appareils de mesures télémétriques et des échantillons de
sang prélevés lors de la capture et a chaque heure subséquente afin de déterminer les parametres hématologiques et biochimiques sériques. La
variabilité moindre du rythme cardiaque, de la température, du comptage érythrocytaire, de la concentration en hémoglobine, de I'hématocrite
(PCV), et de I'activité de la créatine kinase sérique chez les animaux traités avec I'acépromazine indiquait que cet agent réduisait les effets
néfastes du stress. Selon les différences notées pour le rythme cardiaque, le comptage érythrocytaire, la concentration en hémoglobine, le PCV,
le comptage lymphocytaire et les concentrations sériques de glucose, créatinine, chlorure et potassium, la stimulation a-adrénergique par les
cathécholamines semblait plus forte chez les femelles, alors que la réaction du cortex des surrénales semblait plus forte chez les miles. Les
différences observées dans les parametres érythrocytaires, de la température, de I'activité de la créatine kinase sérique et des concentrations
sériques de potassium et chlorure indiquaient que les effets bénéfiques de I'acépromazine étaient plus marqués chez les femelles.

(Traduit par Docteur Serge Messier)
Introduction

Wild ungulates are captured for population restocking, game

restocking, and translocation of both Southern chamois and the
closely related Northern chamois (R. rupicapra) were carried out
during the last century in France, Italy, Spain, and New Zealand

translocation, or scientific purposes. Capture may result in death
and has animal-welfare implications, so it is increasingly a cause of
concern (1-5). One of the main factors underlying the development
of physiological disorders is stress. A number of studies evaluating
stress and its effects on animal health and well-being have been car-
ried out in different species of wild ungulates (1-4,6). The Pyrenean
population of Southern chamois (Rupicapra pyrenaica) increased from
more than 35 000 in 1997 to around 50 000 in 2001, but 1 subspecies,
the Apennine chamois (R. pyrenaica ornata), is considered vulner-
able, with an estimated population of only 400 to 700 (7). Capture,

(7,8). However, the stress response to capture and handling has not
been studied in either species. Handlers should be familiar with the
normal responses to stress, including the physiological values, in the
species for which they are responsible (5).

When an animal is captured and physically restrained, a
stress response is initiated that involves first the sympathetic—
adrenal-medulla axis (which releases catecholamines) and later the
hypothalamic—pituitary-adrenal-cortex axis (which releases cortico-
steroids) (9). This response induces changes in hematologic, serum
biochemical, and clinical parameters, which have been proposed as
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useful stress indicators (1-4,10). Stress related to capture and physi-
cal restraint has been reported to increase heart rate, body tempera-
ture, erythrocyte count, hemoglobin concentration, hematocrit, and
serum concentrations of glucose, lactate, creatinine, urea, bilirubin,
chloride and potassium (1-4,6,11-17). The leukocyte response has
a biphasic pattern: lymphocytic leukocytosis is followed by corti-
costeroid-induced leukocytosis, lymphopenia, and neutrophilia.
Monocytosis depends on the species (18). Serum concentrations of
cholesterol or triglycerides, or both, have been reported to increase,
to decrease, or not to change with stress (3,19,20). Serum concentra-
tions of alanine aminotransferase (ALT), aspartate aminotransferase
(AST), creatine kinase (CK), and L-lactate dehydrogenase (LDH) also
have been reported to increase during capture and handling owing
to increased muscle-cell permeability or damage (4,18). Finally, an
increase in the serum concentration of cortisol has traditionally been
considered a good indicator of stress (10,21). However, because
great interindividual differences exist in stress-induced changes in
corticosteroid concentrations, and it is difficult to relate physiologi-
cal changes and animal welfare, some believe that cortisol is a poor
indicator of animal welfare (9,14).

It is important to establish the most accurate way to measure stress
to reduce the mortality rate and improve the well-being of wild
animals undergoing capture and handling (21). Since animals do not
show a consistent response to all stressors, and since physiological
changes vary with the species and the stressor (2), stress indicators
must be established for each species and circumstance (9).

Acepromazine is a short-acting phenothiazine with central
nervous system effects (blocking postsynaptic dopamine recep-
tors), as well as anticholinergic, antihistaminic, antispasmodic, and
a-adrenergic-blocking effects (22). This neuroleptic has been widely
used as a preanesthetic or sedative agent in wild ungulates (4,23,24).
The recommended intramuscular dose for sedation is 0.05 to
0.1 mg/kg for red deer (Cervus elaphus), domestic sheep (Ovis aries),
domestic goats (Capra hircus), and large wild animals in general
(22-24). Acepromazine has been reported to decrease heart rate, body
temperature, erythrocyte count, hemoglobin concentration, packed
cell volume (PCV), counts of leukocytes, lymphocytes, monocytes,
and band neutrophils, activity of ALT, AST, CK, and LDH, and serum
creatinine concentration in stressed wild ungulates (2,4).

The objectives of our study were to determine the stress response
of Southern chamois to capture and physical restraint, to establish
the best indicators of stress related to capture with drive-nets and
physical restraint in this species, and to assess the effect of aceproma-
zine on the stress response as indicated by hematologic, biochemical,
and clinical parameters.

Materials and methods

Forty free-ranging Southern chamois, 25 males (20 adults and
5 yearlings) and 15 females (13 adults and 2 yearlings), were cap-
tured in drive-nets with a mesh of 10 X 10 cm (Ziboni Ornitecnica,
Bergamo, Italy) in the national game reserves of Cadi (42°18" N,
1°54" E) and Freser-Setcases (42°22" N, 2°09" E), Spain. The 18 cap-
ture operations were carried out in spring (March and April) and
summer (June and July) in 2000 to 2003. All captures were carried
out in early morning, under similar environmental conditions, as

far as could be standardized in the field. Once trapped in the net,
the animals were blindfolded and freed from the net. Then, with
their legs restrained, they were placed in a sack net with a mesh of
4 X 4 cm (Ziboni Ornitecnica) and kept out of direct sunlight until
their release 3 h later, at the place of capture.

At the moment of capture, 19 randomly selected Southern cham-
ois, 13 males (9 adults and 4 yearlings) and 6 adult females, were
injected intramuscularly (IM) with 2.5 mg of acepromazine maleate
in 0.5 mL volume (Calmo Neosan, 5 mg/mL; SmithKlineBeecham,
Madrid, Spain), receiving a dose of 0.11 * 0.02 mg/kg (mean *
standard deviation). The other 21 animals, 12 males (11 adults and
1 yearling) and 9 females (7 adults and 2 yearlings), received 0.5 mL
of saline and were used as controls. Once the capture operation was
finished, 17 animals in the control group, all 12 males and 5 of the
females (4 adults and 1 yearling), as well as 18 animals in the treated
group, all 13 males and 5 of the 6 adult females, were fitted with heart
rate recording devices designed for human athletes (Polar Vantage
NV and Polar S710i; Polar Electro Oy, Kempele, Finland), as previ-
ously described (2). All the animals were fitted with telemetric body-
temperature recording devices (Mdtman datalogger; Eltex of
Sweden AB, Almut, Sweden), as previously described (2). Both heart
rate and rectal temperature were measured and recorded, by means of
the device software, at 60-s intervals for at least 2 h, starting 56 * 23 min
after capture and lasting until the end of the study period. For statistical
analysis, the mean value for every 5-min period was calculated.

Blood samples were collected from the jugular vein at the moment
of capture (time 1) and each hour thereafter for 3 h (times 2, 3, and 4),
with the use of disposable 10-mL syringes and 21-gauge 1" needles.
Of each sample, 2 mL was placed in commercial tubes with antico-
agulant (ethylene diamine tetraacetic acid K,) for hematologic analy-
ses, and the remaining blood was placed in serum collection tubes
and allowed to clot at room temperature, after which the sample
was centrifuged and the serum frozen at —20°C until biochemical
analyses were performed.

Erythrocyte, leukocyte, and platelet counts, as well as hemoglobin
concentration, were determined by means of an electric-impedance
semiautomated analyzer (Sysmex F-800; Toa Medical Electronics,
Kobe, Japan). The PCV was measured by the standard microhema-
tocrit method after centrifugation at 14 000 X g for 6 min in a micro-
hematocrit centrifuge (Hawksley, Lancing, England). Mean corpus-
cular volume (MCV), mean corpuscular hemoglobin concentration
(MCHC), and mean corpuscular hemoglobin amount (MCH) were
calculated from the data obtained. The differential leukocyte count
was performed by identifying 200 leukocytes in blood smears stained
with a commercial Diff-Quick-like stain (Quimica Clinica Aplicada,
Amposta, Spain). All biochemical parameters were determined
by means of an automated analyzer (Cobas Mira; Roche, Nutley,
New Jersey, USA) except for sodium and potassium, which were
measured by flame photometry (Corning 410C; Corning Medical,
Medfield, Massachusetts, USA), and cortisol, which was analyzed
with a commercial enzyme-linked immunosorbent assay kit (EIA-
1887; DRG Instruments, Marburg, Germany). Because the MCHC
values in the treated and the control groups of females differed sig-
nificantly at the time of capture, we assessed differences in the trend
by converting MCHC to MCHC ratio: all means were divided by the
initial value for the corresponding sex and treatment group.
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Figure 1. Mean heart rate and rectal temperature of 40 captured and physically restrained Southern chamois. Arrows indicate stabilization. Asterisks and
bars indicate significant differences (P < 0.05) between groups. In all the figures, C — differences between control groups; T — differences between treated
groups; M — differences between male groups; F — differences between female groups.

We performed repeated-measures analysis of variance to detect
significant differences among groups and over time within groups,
using the PROC MIXED procedure of SAS System for Windows,
version 8 (SAS Institute, Cary, North Carolina, USA). The main fac-
tors were treatment (acepromazine or saline) and sex; the repeated
factor was time. Four groups were considered according to the
2 main factors: control males, treated males, control females, and
treated females. Season, age, and interactions among factors were
also included in the model. Least-square means were used owing to
the unbalanced distribution of animals in the groups. The minimum
accepted significance level was at least P < 0.05 for all parameters.

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

No differences in behavior during physical restraint (as far as
could be assessed) were observed.

Heart rate and rectal temperature decreased from the beginning
of the monitoring, 56 * 23 min after capture (Figure 1). No treatment
differences in heart rate were observed during the study, although
heart rate stabilized (i.e., no significant differences were found
between 2 consecutive means) earlier in the males and the treated

females (at 25 to 30 min) than in the control females (at 85 min).
Control females had higher heart rates than control males at the
end of the study. Individual variability of heart rate did not differ
significantly between the control and treated groups (16.41% *
4.92% [mean * standard deviation] and 16.09% = 4.09%, respec-
tively). However, the interindividual coefficient of variation was
higher in the control animals (22.07% = 4.21%) than in the treated
animals (18.30% = 5.28%). The body temperature was lower and
stabilized earlier in the treated animals than in the control animals
(Figure 1). Treated females had significantly lower temperatures
than treated males from minute 15 to minute 30 and from minute 80
to minute 125.

The erythrocyte count, hemoglobin concentration, and PCV
decreased and the MCHC (expressed as the time-1 ratio owing to
the significant differences between the groups at time 1) increased
over time in all the groups except the control females (Figure 2).
The erythrocyte count, hemoglobin concentration, and PCV were
significantly lower in both treated groups than in the respective
control groups from time 2 onward. The MCV and MCH were higher
in females than in males throughout the study (Figure 2).

The total leukocyte and neutrophil counts increased over time in
all the groups (Figure 3). The lymphocyte count decreased and the
monocyte count increased over time in all the groups except the
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Figure 3. Mean leukocyte parameters for the 40 animals. Asterisks indicate significant differences (P < 0.05) between the control and treated groups.
Crosses indicate that the means were stable for the group, and T, M, and F indicate significant differences between the treated, male, and female groups,

respectively.

control females, whose means were considered stable. The band neu-
trophil count increased in the treated groups and was significantly
higher at the end of the study in the treated Southern chamois than
in the controls.

The serum cortisol concentration increased over time only in the
2 groups of males. The serum glucose concentration increased at
first, then decreased until the end of the study in all 4 groups; both
treated groups had significantly higher means than the respective
control groups throughout the study. The serum cholesterol con-
centration decreased during the study only in the control males; the
concentration was higher in the treated females than in the treated
males during most of the study period. The serum triglyceride and
lactate concentrations decreased over time in all the groups. The
serum creatinine concentration was higher and the urea concentra-
tion lower in females than in males throughout the study. The serum

creatinine concentration decreased during the study in both groups
of males and increased in the control females. The serum bilirubin
concentration increased over time in all the groups, reaching highest
values in the control females (Figure 4).

The serum activity of ALT, AST, CK, and LDH increased dur-
ing the study in both the treated and control Southern cham-
ois. However, the treated females had stable means for AST and
LDH and lesser increases for ALT and CK; in addition, the treated
females had lower ALT, AST, and CK activity than the treated
males and lower CK activity than the control females at the end of
the study (Figures 5 and 6). During the study, the serum chloride
concentration decreased in the control animals and the serum
potassium concentration decreased in the treated animals, whereas
the serum sodium concentration increased in the control animals
(Figures 5 and 6).
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Figure 4. Mean serum biochemical parameters for the 40 animals. Crosses indicate means that changed significantly throughout the study in all 4 groups.
Different lower-case letters (a,b,c; x,y,z; h,i,j; p,q) indicate significant differences (P < 0.05) between means among the control males, the treated males,
the control females, and the treated females, respectively, whereas C, T, M, and F indicate significant differences between the control, treated, male, and

female groups, respectively.

When an animal is captured and physically restrained, changes
in hematologic, serum biochemical, and clinical parameters follow
a biphasic pattern, depending first on catecholamines and then on

corticosteroids (9). All the hematologic, serum biochemical, and
clinical parameters that we analyzed are potential stress indicators
(1-4,6,11-17). The stress response to capture in Southern chamois
that we observed followed the general pattern previously described
for stressed wild ungulates. The heart rate and rectal temperature
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trends agreed with those previously reported for wild ungulates (4).
The increase in heart rate at capture is due to catecholamines and has
been used as an indicator of acute stress, since it is an objective sign
of the response of the autonomic nervous system to stressors (11,25).
Captured animals may experience an increase in body temperature
not only because of physical activity prior to capture but also because
of stress-induced hyperthermia. The latter is time-dependent: the
temperature increases in the first 10 min after capture, then returns

to its baseline value after 60 to 90 min (12); thus, when our monitor-
ing started (at 56 * 23 min after capture), the body temperature was
already increased because of stress and was starting to decline.
The erythrocyte count, PCV, hemoglobin concentration, and
serum lactate and triglyceride concentrations also decreased after
capture, probably indicating a return to baseline values during
physical restraint after reaching their maximum at capture, as previ-
ously reported for wild ungulates (2-4,16). The erythrocyte count,
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hemoglobin concentration, and hematocrit increase during capture
because of the effect of catecholamines on a-adrenergic receptors
in the splenic capsule, inducing smooth muscle contraction and the
release to the circulation of erythrocytes stored in the spleen (13).

Overall, the changes in leukocyte, lymphocyte, and neutrophil
counts followed the biphasic pattern typical of stress response,
with lymphocytic leukocytosis due to epinephrine and then
corticosteroid-induced leukocytosis, lymphopenia, and neutro-
philia (18). Corticosteroid-induced monocytosis, which depends
on the species (18), seems to be characteristic of the stress response
of Southern chamois.

In domestic animals, the serum glucose concentration has been
reported to increase for 2 h after injection of adrenocorticotropin (26),
which agrees with the trend we observed in the captured Southern
chamois. The serum bilirubin concentration and the serum activity

of ALT, AST, CK, and LDH increased consistently in the captured
and physically restrained Southern chamois. Bilirubin increases have
previously been reported in wild ungulates (3) and may be attributed
to stress-related hemolysis, since ruminant hyperbilirubinemia is
related to hemolytic conditions rather than to hepatic problems (18).
The increases in serum ALT, AST, CK, and LDH activity are due to
increased muscle-cell permeability or damage related to poor tissue
perfusion induced by catecholamine vasoconstriction, decreased heat
dissipation, and hypoxia (4,5,18).

The remaining parameters (cortisol, cholesterol, triglycerides,
creatinine, urea, potassium, and chloride) did not show a consistent
trend during the study in all the groups and therefore do not seem
to be good indicators of stress induced in Southern chamois by
capture and physical restraint. Nevertheless, and owing to the dif-
ferences observed during the study, they can be useful in assessing
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physiological differences among groups. Although cortisol has
traditionally been considered a good stress indicator (10,21), other
authors believe that it is a poor welfare indicator because of the
great interindividual differences in stress-induced corticosteroid
concentrations and the difficulty of relating physiological changes
and animal welfare (9,14). Lack of variation in cortisol concentration
in stressed wild ungulates has been reported previously (3,4). The
cholesterol concentration has been reported to increase, to decrease,
or not to change with stress, so it is not considered a good welfare
indicator (3,11,19,20). The serum creatinine concentration is directly
related to the muscle mass of the animal, and the serum urea concen-
tration depends largely on the diet (17,18), which could explain the
lack of a specific pattern in the stress response of Southern chamois.
Differences in diet and habitat could explain the consistently differ-
ent urea values in both sexes, since male and female Southern cham-
ois use different habitats (27), and different reference ranges apply
to males and females (28). Catecholamines may cause an increase
(a-adrenergic effect) followed by a decrease (3, effect) in the serum
potassium concentration, and short-term administration of cortico-
steroids causes transitory hyperkalemia (29). Chloride is exchanged
by potassium in the kidney (30). This biphasic and multifactorial
cause of variation could explain why potassium and chloride are
not useful as stress indicators in Southern chamois.

Acepromazine has been reported to prevent the adverse effects
of stress in captured wild ungulates not only because of its sedative
effect but also because of peripheral vasodilation (2,4). The lack of
differences between the control and treated males in our study in
both mean heart rate and individual variability agrees with previ-
ously reported data for wapiti, red deer, and roe deer (Capreolus
capreolus); in all cases this finding was attributed to reflex tachycardia
secondary to hypotension caused by the drug (4,22,31). The use of
heart rate variability has been proposed as a better stress indicator
than basic heart rate (32). The earlier stabilization of heart rate in the
treated female Southern chamois, as well as the lower interindividual
variation of heart rate in the treated group, could be attributed to
the tranquilizing and vascular effects of the drug, as previously
described in red and roe deer (4,31). A more uniform response may
permit a better prediction of the consequences of capture and make
it easier to establish corrective measures for deviations from the
“normal” response.

We observed that acepromazine shortened the period of capture-
related stress-induced hyperthermia, as demonstrated by the earlier
temperature decrease and stabilization in the treated Southern
chamois, and it reduced the intensity of the hyperthermia: body
temperature was significantly lower in the treated animals during
most of the study. Hypothermia is an additional pharmacologic
action of acepromazine. By depressing the reticular activating system
and inducing vasodilation by both central and a-adrenergic effects,
acepromazine could help dissipate heat (22). This hypothermic
effect may modulate stress-induced hyperthermia and prevent cap-
ture myopathy, since hyperthermia and metabolic acidosis are the
2 central factors in the development of this condition (5).

As in our treated Southern chamois, significantly lower values for
erythrocyte count, hemoglobin concentration, and hematocrit have
been described in sedated or anesthetized wild ungulates (6,13,33).
This can be explained by spleen smooth-muscle relaxation, with

consequent sequestration of erythrocytes, due to the a-adrenergic-
blocking effect of acepromazine, as previously reported (4,13,22,33).
Erythrocytes stored in the spleen have a higher MCV (and, conse-
quently, a lower MCHC) than circulating erythrocytes, since the cells
mature in the spleen after being released from the bone marrow (13).
The MCYV increase only in control females further suggests splenic
smooth-muscle relaxation as the origin of the lower erythrocyte
count, hemoglobin concentration, and hematocrit in the other
3 groups. Higher band neutrophil counts at the end of our study in
the treated Southern chamois could be explained by faster evolution
of catecholamine-induced lymphocytosis to corticosteroid-induced
neutrophilia in this group. Increases in glucose values in wild ungu-
lates medicated with a-adrenergic anesthetics have previously been
reported (34,35) and could explain the higher glucose values of the
treated Southern chamois. In our study, the later increase in serum
ALT activity in the treated males compared with the control males,
the lack of increase in serum AST and LDH activity over time in the
treated females, and the significantly lower CK values at time 4 in
the treated females compared with the control females indicate a
protective effect of acepromazine on muscle. This effect has previ-
ously been reported in wild ungulates (4) and was attributed to
dilation of muscle arterioles by a-adrenergic-receptor blockade or
B,-adrenergic-receptor stimulation (15,36). Catecholamine-induced
vasoconstriction of renal arterioles and proximal tubules stimu-
lates sodium reabsorption (37). The lack of increase in sodium
concentration only in the treated Southern chamois could indicate
protection by acepromazine against catecholamine’s effects on the
renal arterioles.

We found sex differences in stress response between the Southern
chamois. The later stabilization of heart rate and the higher heart rate
from minute 135 to minute 175 in the control females compared with
the control males seem to point to a greater sympathetic response in
females than in males. In humans, a stronger vasodilation effect of
corticotropin-releasing hormone (CRH) in females than in males has
been reported (38). Similar mechanisms could be the reason for the
significantly lower temperatures of the treated females in our study
compared with the treated males. The lack of decrease over time in
erythrocyte, lymphocyte, band neutrophil, and monocyte counts,
PCV, and hemoglobin concentration in the control females suggests
stronger and longer-lasting adrenergic stimulation in this group.
The higher serum glucose values in the treated females than in the
treated males seem to point to a greater and longer-lasting stress
response in females. Higher bilirubin values in the control females
than in the control males could indicate a higher degree of stress-
related hemolysis in the former, and it is probably related to the
lack of decrease in circulating erythrocytes over time and the higher
catecholamine response in the control females. Creatinine increases
related to capture stress have been reported in wild ungulates and
were attributed to catecholamine-induced renal vasoconstriction
(2,4,17). Since no significant differences were found in live weight
between the sexes, the higher serum creatinine values of the Southern
chamois females could be related to stronger catecholamine-induced
renal vasoconstriction, indicating a stronger stress response, in the
females. Both chloride and potassium increases have been related
to physical capture or stress (1,6). The higher serum concentrations
of potassium at times 1 and 2 and of chloride at times 3 and 4 in the
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females and the lack of decrease in the former over time only in the
control females further suggest a stronger catecholamine-induced
vasoconstriction in the muscles and kidneys of females. The increases
over time in cortisol concentration only in the males could indicate a
more intense response of the hypothalamic—pituitary-adrenal-cortex
axis in males than in females. Sex differences in the free serum glu-
cocorticoid concentration, with higher and increasing cortisol values
in males, have been reported in polygynous species (38). It has been
suggested that cholesterol could be used for corticosteroid synthesis
during the stress response, and decreases in serum cholesterol con-
centration have been related to the corticosteroid stress response (19).
Higher cholesterol values in treated females than in treated males
and decreasing cholesterol values in control males could be due to
the increasing cortisol concentration over time only in males. Higher
muscle enzyme values in males have been previously reported in
different species of wild ungulates (1,39), but differences between
the treated groups in our study were found only for CK.

Some of the effects of acepromazine seemed to be stronger or
were seen only in the female Southern chamois. This could be
explained by the higher adrenergic stress response of this sex,
which would make the beneficial actions of the drug more evident.
The creatinine increase only in the control females suggests that the
a-adrenergic-blocking effect of acepromazine on renal arterioles
reduced the catecholamine-mediated vasospasm in treated females,
promoting vasodilation and allowing normal filtration and excretion
of creatinine (4,33). The significantly lower serum ALT, AST, CK, and
LDH activity in the treated females compared with the treated males
indicates a stronger vasodilation effect of acepromazine in females
than in males. The stronger vasodilation effect induced by CRH in
females and the attenuated muscle inflammatory response described
in human females (40) could also contribute to explaining the lower
serum enzyme activity in this sex.

The stress response to capture and physical restraint in Southern
chamois follows the general pattern previously described for other
species of wild ungulates (1,3,4), and the response can be modulated
and its adverse effects partially prevented by acepromazine. The
advantages of acepromazine are mainly due not to its sedative effect
but, rather, to its a-adrenergic-blocking effects, which include the
blockade of smooth-muscle contraction in the spleen and renal and
muscle vasodilation. Acepromazine also decreases the intensity and
duration of stress-induced hyperthermia and the interindividual
variability of the heart rate. Use of acepromazine improves the
welfare of captured Southern chamois by decreasing the risk of
stress-related conditions, since hyperthermia and the muscle and
renal damage related to renal vasoconstriction are involved in the
pathogenesis of capture myopathy (5). The stress response differs
between males and females, females seeming to be more reactive to
a-adrenergic stimulation by catecholamines (as indicated by heart
rate, erythrocyte count, hemoglobin concentration, PCV, lymphocyte
count, and serum concentrations of glucose, creatinine, chloride,
and potassium). The adrenal-cortex reaction, however, seems to
be stronger in males, as indicated by their increasing cortisol and
decreasing cholesterol concentrations. Acepromazine’s protective

effect is stronger in females, as indicated by erythrocytic parameters,
temperature, muscle enzyme activity, and serum concentrations of
potassium and chloride, which seems a logical consequence of the
greater catecholamine stimulation in this sex and the a-adrenergic-
blocking mechanism of the beneficial effect of acepromazine. Thus, the
stress response may be physiologically more intense and aceproma-
zine’s a-adrenergic effect more protective in females than in males.
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