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Eighteen red deer were captured in box traps and
then physically restrained in an immobilizing box;
three red deer were captured twice, once by chemical
restraint (anesthetized with a mixture of Xylazine,
Tiletamine and Zolazepam) and once in the immobi-
lizing box. It was found that microhaematocrit, total
erythrocyte and leukocyte counts, as well as plasma
cortisol, were higher after the physical restraint.
Anserine and 3-methyl-L-histidine concentrations
were higher after the physical restraint in animals
undergoing both captures. Data supports previous
studies indicating that the physical restraint after cap-
ture is more stressful than the chemical one. Anserine
and 3-methyl-L-histidine were higher after the physi-
cal restraint in red deer undergoing both methods,
suggesting that measuring plasma aminoacyl-imidazole
dipeptides and their components may be important in
stressed animals prone to capture myopathy.

Keywords: Aminoacyl-imidazole dipeptides, anesthe-
sia, animal welfare, red deer, restraint, stress.

NOWADAYS control and stewardship of deer populations
is a complex social, economic, political and biological
issue. When free-ranging red deer are overabundant, as
occurs in some areas of Italy, their number is usually con-
trolled. Live capture may be more socially acceptable or
practical than hunting or sharp-shooting in restricted
areas'.

The capture and immobilization of wild ungulates, car-
ried out to monitor, treat and move animals, are likely to
be stressful events for these animals®. This is clearly indi-
cated by behavioural evaluations, sudden deaths, as well
as changes induced in various haematological and bio-
chemical blood constituents®*. However, these changes
differ considerably according to the methods of capture
and restraint used’. A remarkable difference in concentra-
tion of blood constituents is observed when comparing
physical and chemical capture methods®®. The physical
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method consists of box traps or nets, e.g. netted cage
traps', the helicopter and net-gun capture technique’;
whereas the chemical method involves a mixture of
anaesthetics®!% 2. Therefore, besides the capture itself,
animals captured through both methods may be exposed
to restraint, transport or management, which can cause
stress'® and reduce animal welfare!*. In some cases,
animals after being released may die from capture myo-
pathy”'*"7 and from other acute and chronic diseases
described by DelGiudice et al.'®.

In ungulates, acute and chronic stressors lead to large
biochemical changes. Acute stress leads to an increase in
plasma cortisol'’, release of growth hormone (GH), thy-
roid stimulating hormone (TSH), glucagon and glucose in
the blood®, an increase in haematocrit and in the total
number of erythrocytes™ ', a modification of the
leukocyte formula®?®** and possible alterations of the
muscle enzymatic profile (transaminases, creatine kinase
and lactate dehydrogenase)’”**. Those changes are par-
ticularly evident in animals subjected to an intense motor
activity, as in physical restraint'’. Chronic stress is usually
associated with high adrenal activity, leading to adrenal
hypertrophy, thymus involution, lymphopenia, eosinopenia
and neutrophilia'®. Moreover, high adrenal activity is
associated with increase in the animal’s susceptibility to
infectious diseases and, particularly in wild animals, may
result in the activation of latent infections™*.

Aminoacyl-imidazole dipeptides (carnosine, anserine,
L-histidine and 3-methyl-L-histidine) occur in the skeletal
muscle of many mammals, particularly in those adapted
to either high-speed running or to prolonged periods of
hypoxia, working as H' buffers over the physiological pH
range during muscle contraction” 2’

A previous study®® suggests that in rabbits, carnosine
and anserine are released into blood after muscular shock,
thus providing information on the degree of muscular
lesion. Moreover, Dunnett et al.*’ showed that intense
exercise resulted in a significant increase in plasma car-
nosine concentration in thoroughbred horses, and greater
increases were observed following the onset of exercise-
induced rhabdomyolysis. The urinary excretion of 3-
methyl-L-histidine has been accepted as a valid measure
of muscle protein breakdown in vivo in rats, humans and
cattle’®?. Similar to other wild animals, red deer requires
management that aims to reduce the potentially harmful,
stress-related responses®, because captures can be ex-
tremely distressing, even leading to death within days or
hours'*. Interventions such as captures are normally car-
ried out for animal management. Opportunistic studies
can take advantage of their execution to acquire scientific
information, reducing the number of animals used for re-
search purposes and thus being more ethically acceptable.

The aim of the current study was to compare blood bio-
chemical parameters and plasma cortisol in free-ranging
captured red deer (Cervus elaphus elaphus) restrained by
chemical or physical methods. In addition, plasma ami-
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noacyl-imidazole dipeptides and their components (car-
nosine, anserine, L-histidine, 3-methyl-L-histidine) were
examined as a possible tool to assess muscular stress (i.e.
myolysis) related to capture.

The study was carried out in collaboration with and
within a national park in central Italy —the Foreste
Casentinesi, Monte Falterona and Campigna Park (lat.:
43.8433333; long: 11.7911111). The animals involved in
this study were captured and clinically assessed in order
to be moved for restocking in other Italian parks, the pro-
cedures were thus not carried out for research purposes.
No animal care license nor approval of ethical commit-
tees was therefore needed.

For this opportunistic study, a convenience sample of
22 free-ranging red deer (Cervus elaphus elaphus), 12
females and 10 males, not used to the presence of
humans, were involved. Regarding age, 16 were adult
(more than 14 months) and 6 were young (10-14
months). Seven were captured during 7: 00-9 : 00 (morn-
ing) and 15 between 13:00-15:00 (afternoon); 9 were
captured in springtime, 10 in autumn and 3 in winter.
Captures occurred between March 2007 and November
2008, excluding the season of late pregnancy-lactation
(late spring—summer). All the animals appeared to be in
good health (without injuries, showing a normal locomo-
tion and a good body condition) at the time of capture.

For the capture, a wide-fenced half-woody area (about
10,000 sq. m) was prepared (Figure 1), within which baits
(fruits and salt) and a trap was set-up. The trap was lo-
cated at the opposite side of the entrance door, where the
trees were more dense and the fence was narrow. The trap
consisted of three parts (see Figure 2): a capture box, a
tunnel and an immobilizing box. The latter was 3 m high
and 3 m long; as for the width, it was provided with a
sliding wall which restricted the animal until blocking it.
One of the lateral panels had a wide window for marking,
horn cutting in males, radio collar fitting and blood sam-
pling.

The fence was equipped with a photocell system,
which closed the entrance when the deer was completely
inside. When an animal was captured, a team of six
people arrived, including a veterinarian responsible for
anaesthesia, biometric measurements, marking (putting a
tag on one or both ears), administering spray antibiotics
on skin injures and blood sampling. The team arranged
themselves in a row to push the deer towards the trap.

In the capture box, animals subjected to chemical
restraint were anaesthetized with a mixture of xylazine,
tiletamine and zolazepam (Rompun® + Zoletil®). The
anaesthetic dose was calculated based on the deer’s esti-
mated weight and, as suggested by Rosef et al'', was
approximately 250 mg of xylazine and 250 mg of tileta-
mine and zolazepam per 100 kg body mass. This mixture
was injected using a dart, shot by a veterinarian through a
blowgun. The veterinarian was positioned with good
visibility, at a sufficient distance from the trap, not to

CURRENT SCIENCE, VOL. 116, NO. 2, 25 JANUARY 2019



RESEARCH COMMUNICATIONS
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Figure 1. Planimetry of the capture area with details of the box trap, where physical and chemical

restraints were carried out.

Details of the box trap, with the distinction between capture
box, tunnel and immobilizing box.

Figure 2.

cause panic in the animals. The time from injection to
complete immobilization with head down varied from 3
to 10 min and none of the animals showed signs of panic.
Anaesthetized animals were blindfolded and then their
legs were tied. The level of anaesthesia was monitored
through assessment of heart rate, respiratory rate, oxygen
saturation, absence/presence of reflexes (corneal, auricu-
lar and lingual) and response to external stimuli. The
entire process lasted approximately 25 min. Monitoring
was carried out until the deer was able to stand. Recovery
time after the end of the clinical operations was variable,
up to 10 min.

Four animals (three females and one male, 84.2 +
7.2 kg) were captured this way. One of the animals died
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immediately after injecting the anaesthetics; it was not
possible to perform a necropsy to clarify the cause of
death. The remaining three subjects were recaptured three
days later and subjected to physical restraint described
below.

The same box traps were used to capture the other 18
animals (nine females and nine males, 101.3 £ 12.6 kg),
restrained with a physical method. The capture was the
same as described for the chemical method, but it differed
starting from the moment the deer entered the capture
box. Animals in this group were in fact moved through
the tunnel to the immobilizing box. All the animals
underwent the same procedures, except those related to
anaesthesia. The procedures took approximately 10 min.

The final number of blood samples was 24, due to the
death of one subject after injecting the anaesthetics.
Blood samples were taken at the end of all procedures.
Each sample consisted of 10 ml of blood collected from
the jugular vein in a vacutainer tube containing EDTA
and immediately put in an ice bath.

At the capture site, 9 ml of blood was centrifuged at
3000 rpm for six minutes. Plasma and the remaining
blood were carried in an ice bag to the laboratory where
analyses were performed. The whole blood was used to
determine: micro haematocrit (%), using a capillary tube;
total number of erythrocytes (RBC) and leukocytes
(WBC), using a Thoma-Zeiss” counting chamber; and
leukocyte formula, assessed through blood smear with a
Differential Quik Stain Kit®. Plasma was used to measure
plasma aminoacyl-imidazole dipeptides and their com-
ponents (carnosine, anserine, L-histidine and 3-methyl-L-
histidine) using high-performance liquid chromatography
(HPLC), as previously described®®. Plasma was also used
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to measure cortisol using a direct immunoenzymatic
assay (DiaMetra®).

The statistical analysis was carried out in three steps.
For the data obtained by animals captured through the
physical method (n = 21), we tested the statistical differ-
ences among the categorical explanatory variables: sex
(levels: males/females); age (levels: young/adults); time
of sampling (levels: morning/afternoon); season (levels:
spring/autumn/winter). All the variables were considered
fixed and orthogonal. Data obtained from animals of the
chemical group (n=3) were compared to those of
the physical group (n = 18; for cortisol n = 15 because the
values were not determinable for three animals). For this
analysis, in order to have independent data, the samples
of deer captured through both methods were not taken
into account. Data obtained from animals captured using
both methods (» = 3) were instead compared as paired data.
The capture method was considered as an orthogonal and
fixed factor.

Because of the nonparametric distribution of all the
variables studied, a permutational multivariate analysis of
variance (PERMANOVA) was performed. Significance
was set at P <0.05. The software used for analysis
of variance was PERMANOVA®*** for PRIMER 6 rou-
tines’’.

All the data, except for the leukocyte formula, were
analysed through wunivariate analysis of variance
(ANOVA, P <0.05). As the data expressed as a percen-
tage for the leukocyte formula are compositional, they
were made independent using Aitchison’s transforma-
tion’”: New  Neutr. = Ln(Neutr.) — ((Ln(Neutr.) + Ln
(Linf.) + Ln(Eosin. + Ln(Mon.))/4). Data were then nor-
malized before being statistically analysed by multiva-
riate analysis of variance (MANOVA, P < 0.05).

The analysis of haematological and biochemical va-
riables in subjects captured by the physical method did
not reveal any statistical difference for the factors sex,
age, time of sampling, and season (the only exception
was 3-methyl-L-histidine, higher in males: 3.33 %
1.61 nmol/ml versus 6.21 £2.59 nmol/ml; F = 9.5658,
P =10.006). Thus, such factors were not considered in fur-
ther analyses.

Data obtained on micro-haematocrit, RBC, WBC,
plasma cortisol, plasma aminoacyl-imidazole dipeptides
and their components, as well as the results of the statis-
tical analysis are summarized in Table 1 (chemical versus
physical capture method, excluding subjects undergoing
both methods) and Table 2 (chemical versus physical
capture method in subjects undergoing both methods). In
both comparisons, microhaematocrit, RBC, WBC and
plasma cortisol were found to be higher after the physical
restraint than after the chemical restraint. Moreover,
anserine and 3-methyl-L-histidine were higher after the
physical restraint in red deer undergoing both methods.
For 3-methyl-L-histidine, a strong tendency for higher
values was also found in subjects restrained by the physi-
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cal method compared to subjects restrained by the chemi-
cal method.

In the current study it was found that physical restraint,
compared to chemical restraint, led to higher haematocrit
and number of erythrocytes. These results are in line with
previous studies on red deer”’, wild impala®®, white-
tailed deer’ and Spanish ibex®. On the one hand, a major
contribution to the observed changes in RBC and haema-
tocrit may be due to the catecholamine release during
physical restraint and consequent spleen contraction®. In
fact during capture by physical means, spleen contraction
was found to be responsible for 40% of the blood cell
count increase’. On the other hand, -2 adrenergic
agonists (such as xylazine, used in this study) initially
increase blood pressure, followed by long-term hypoten-
sion and the entrance of interstitial fluid into the circula-
tory system to stabilize blood''”?. The latter could have
partially reduced the haematic values after the chemical
capture.

The influence of different kinds of capture on WBC
has not yet been completely clarified. Arnemo et al.'® and
Topal et al.** did not find any differences when compar-
ing physical and chemical captures in red deer, whilst
Cross et al.” in red deer and Peinado e al.® in Spanish
ibex found higher values after the physical technique. The
current study supports the latter results. A decrease in the
lymphocyte count and a mild decrease in eosinophils
were also observed in subjects undergoing both methods
of restraint. Such changes are likely due to the action of
catecholamines, typically released in acute stress. As for
the leukocyte formula, data of the current study revealed
statistical significant differences only when comparing
subjects that underwent both restraint methods. The lack
of difference for the other comparison may be due to the
high individual variability of this parameter, highlighting
the importance of using paired data when the sample is
small. Specifically, after physical restraint, animals pre-
sented significantly higher values of neutrophils and
monocytes, and lower values of lymphocytes and eosino-
phils. These results are in agreement with Cuomo? re-
garding stress in ungulates and with Taylor*® on cattle
excitement and stress, whilst Marco and Lavin® found
lymphocytosis rather than lymphopenia in red deer. How-
ever, when comparing results from different studies, the
exact procedure used for physical and chemical captures
should be taken into account, as it is possible that slight
methodological differences can affect haematic parame-
ters’. In any case, it is unlikely that the use of anaesthetics
such as xylaxine affected the leukocytes formula, as
xylaxine is a -2 adrenergic agonist, while the mobiliza-
tion of neutrophils and lymphocytes in acute stress is due
to the activation of beta receptors*'.

As in previous studies on white-tailed deer® and wild
impala®®, the current one found that plasma cortisol was
higher after physical than after chemical restraint. An
increase in plasma cortisol is typically associated with
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Table 1. Comparisons between chemical and physical restraint method and relative results of the statistical analysis,

excluded data regarding three subjects undergoing both methods

Chemical method Physical method

Variable (n =3; mean = SD) (n=18; mean £ S.D) Statistical analysis
Microhaematocrit (%) 30.67 £3.06 42.72 £ 6.85% F=12.89 P =10.002
RBC (x10%/ul) 525+0.95 7.46 + 1.39° F=10.8 P =0.004
WBC (x10°/ul) 4.73 £2.66 7.43 £2.42° F=4095 P =0.040
Plasma cortisol (nmol/1) 89.94 +43.53 803.16 +357.91*° F=1527 P=0.001
Carnosine (nmol/ml) 15.41 £12.11 20.77 £13.20 F=152 P=0.281
L-histidine (nmol/ml) 254.94 £97.83 370.52 £ 116.90 F=392 P=0.850
Anserine (nmol/ml) 33.26 £8.19 60.01 £45.11 F=1.14 P=0.310
3-Methyl-L-histidine (nmol/ml) 2.28£0.15 4.51+2.70 F=399 P =0.060
Leukocyte formula F=1.29 P=0.260
Neutrophils (%) 39.00 £7.21 52.72 £6.76
Lymphocytes (%) 55.33 £6.66 40.00 £ 6.32
Eosinophils (%) 3.33£0.58 2.89 £3.01
Monocytes (%) 2.33£1.15 439+2.52

“Statistically significant difference; b= 15 subjects.

Table 2. Comparisons between chemical and physical restraint method and relative results of the statistical analysis in
three subjects undergoing both methods

Chemical method Physical method
Variable (n =3; mean £ SD) (n =3; mean £ S.D) Statistical analysis
Microhaematocrit (%) 30.67 £3.06 4733 £1.15% F=178.12 P =0.001
RBC (x10%/ul) 525+0.95 8.84 £1.35° F=14.18 P=0.022
WBC (x10°/ul) 4.73 £2.66 11.07 £2.37° F=9.50 P=0.036
Plasma cortisol (nmol/l) 89.94 £43.53 355.63 £ 156.51* F=28.02 P =0.047
Carnosine (nmol/ml) 1541 £12.11 6.46 £ 3.35 F=1.52 P=0.281
L-histidine (nmol/ml) 254.94 £97.83 352.66 £ 110.39 F=132 P=0.308
Anserine (nmol/ml) 33.26 £8.19 85.31 £10.59* F=4534 P =0.002
3-methyl-L-histidine (nmol/ml) 2.28£0.15 5.86£0.71° F=7371 P=0.001
Leukocyte formula F=6.79 P=0.019*
Neutrophils (%) 39.00 £7.21 69.00 £4.58
Lymphocytes (%) 55.33 £6.66 25.00 £5.20
Eosinophils (%) 3.33£0.58 1.67 £ 0.58
Monocytes (%) 233 +1.15 433+1.15

*Statistically significant difference.

physiological and psychological stress'’, suggesting that
physical restraint is more stressful than chemical one for
red deer. Previous studies reported an increase in plasma
cortisol in deer from 10 up to 180 min after ACTH injec-
tion*?. In the present study, the duration of restraint plus
the capture were within this time frame, and therefore the
time of blood sampling for both restraint methods was
considered reliable.

Results of the current study agree with most previous
studies on red deer and similar species: physical restraint
seems to be more stressful than chemical restraint for red
deer. However, for a better assessment of animal welfare,
other parameters need to be taken into account, along
with the risks related to anaesthesia. Every capture tech-
nique risks injury and mortality to the animal’. In the
current study, one animal out of four died immediately
after the injection of anaesthethics, which corresponds to
25% of the chemical group and to 4.5% of the total sam-
ple. DelGiudice et al.'® found a capture-related mortality
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of 5.4% in a wide sample of white-tail deer captured and
re-captured primarily using a clover trap. This suggests
that both methods have risks and a direct comparison is
still difficult. Future studies should better investigate
whether the mortality rate differs for the two methods of
restraint, in order to understand the significance of this
problem and to consider it when carrying out a welfare
and risk assessment related to capture.

Note that in the current study, the animals restrained by
chemical method were also exposed to close contact with
people before being anaesthetized, when they were
already in the trap. It is possible that reducing or avoiding
this phase would lead to even greater differences in the
comparison between chemical and physical restraints.

Research aimed to clarify the effects of stress on indi-
vidual steps involved in capture would be useful in
addressing captures towards the least stressful methods.
When possible, animals that need to be often handled
(e.g. farmed animals) should get used to human proximity
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and handling procedures. However, this is not possible
for wild and free-ranging animals. Thus, other strategies
to protect their welfare need to be considered.

The main novelty of this study consisted in measuring
plasma concentrations of two plasma aminoacyl-imid-
azole dipeptides (carnosine and anserine) and their com-
ponents (L-histidine and 3-methyl-L-histidine) as possible
parameters for analysis in animals prone to capture myo-
pathy. Such parameters in fact have been previously
measured in other species to gain information on muscu-
lar lesions®™'. Capture myopathy has not been fully
understood, but it is known to be associated with severe
stress after capture and restraint'’. Different capture
methods lead to different myopathy rates'”, which may be
minimized by reducing human contact, heat stress, ex-
haustion and noise during processing’*’. In addition, it is
known that short, intensive bursts of activity involving
large muscle groups contributes to myopathy more than
longer and less intense activity'’. All these premises seem
to explain why, in the current study, the deer presented
higher levels of plasma aminoacyl-imidazole dipeptides
after the physical than after the chemical restraint. These
findings seem to support the hypothesis that the 3-
methyl-L-histidine concentration could be a valid index
of muscular damage in red deer, similarly to the urinary
excretion of this substance in other species’" 2.

The half-life of aminoacyl-imidazole dipeptides and
their components, e.g. carnosine*, 3-methyl-L-histidine*’,
L-histidine*® in serum and plasma is reported to be much
lower than 12 h in humans. Considering this short half-
time, repeating the measurement after three days (as with
the deer who underwent both restraint methods in this
study) was considered reliable.

Concerning the higher value of 3-methyl-L-histidine in
males compared to females, it is plausible that gender dif-
ferences exist. In fact, Pefiafiel et al.*” also found that the
content of carnosine and anserine in the skeletal muscle
of mice was much higher in males than in females. These
authors suggest that such differences may be related to
the anabolic action of androgens on skeletal muscle.

As stressed for the leukocyte formula, the lack of dif-
ference for the other analysed parameters may be due to
the high individual variability. The results of this study
should therefore be considered as preliminary. The use of
plasma anserine, carnosine and their components as poss-
ible indexes of acute stress and capture myopathy in red
deer needs to be studied in more depth. Further research,
with a higher number of animals and the possibility to
check a real association of their values with capture myo-
pathy, should be aimed at finding the physiological range
of such parameters and clarifying their relationship with
acute stress and muscle damage.

The findings of the current study confirmed that physi-
cal restraint, compared to chemical restraint, leads to a
higher change in blood biochemical parameters in red
deer capture. This suggests that physical restraint is par-
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ticularly stressful for red deer, a point to be considered
when planning captures in wild animals that cannot get
used to human presence. Although chemical restraint is
less stressful, the use of anaesthesia implies risks up to
the death of some subjects.

In addition to the assessment of acute stress through
blood biochemical parameters and plasma cortisol, the
preliminary data obtained from this study suggests that
measuring plasma aminoacyl-imidazole dipeptides and
their components may be important in stressed animals
prone to capture myopathy.

Contflicts of interest: The authors declare no conflict of
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