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Nowadays great deal of research is physiological field is conducted on experimental animals and there is
a lot of criticism from the wide public on methods used. Therefore, recently there is a lot of effort focused
on the welfare of the animals. Main aim of this study is to determine the effect of experimental sample
collection method on the selected parameters of stress. In the experiment two sample collections of rab-
bit blood from marginal ear vein were realized – first using standard method with one person fixing the
animal and other collecting the blood using gently fixating the animal. In the second groups experimental
method of inserting the experimental animal into a sack and further collection in dark was realized.
During the experiment the levels of cortisol – main stress indicator in organism and other health param-
eters of animals including mineral profile and haematological parameters were observed. Our results
show no significant changes in levels of cortisol but also a decreasing tendency in the sample from the
second (dark) collection. Haematological parameters were generally in the reference values and any sig-
nificant changes except levels of lymphocytes and percent of lymphocytes which shown significant
increase in the second collection period were found. Also the levels of mean corpuscular haemoglobin
and percent of neutrophils unveiled a significant decrease in values. Values of mineral profile parameters
have indicated no significant changes except the levels of phosphorus. Based on the result we can state
that the experimental sample collection has no effect on blood parameters of the animals but we spec-
tated a statistically insignificant decrease in the levels of cortisol which can suggest that the dark collec-
tion is possibly less stressful to the animals.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Generally, there are many types of experimental animals which
frequently undergo different sample collections. For the welfare of
the animals it is important to update or change the methods to
lower the amount of stress as much as possible for the sake of ani-
mals well-being as well as it can cause changes in the results of
measured parameters. Collection of blood from laboratory animals
is necessary for a wide range of scientific research and there are
number of available methods that are efficient (Parasuraman
et al., 2010).

Rabbit ear artery and vein are the most common locations used
to obtain a blood sample in the practice. The rabbit may be gently
restrained in dorsal or lateral recumbency. Fractious animals may
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need to be anesthetized or lightly sedated (Jeffrey, 2008). Since few
information are reported on testing of different sample collecting
techniques, we decided to test a different method of blood collec-
tion to describe possible differences in levels of stress. Stress is a
sum of non-specific regulation reactions which engage in the case
of possible danger to internal homeostasis. Stress reaction is acti-
vated by certain parts of nervous and endocrine system. Stress
causes mobilization of nutrients and its transport to the tissues
with priority supply – result being adjustment of fluctuating values
of internal organism environment (Kováčik et al., 2015).

Cortisol is a hormone from the group of glucocorticoids and is
produced by the adrenal cortex. It increases the level of glucose
in blood as it stimulates degradation of muscle proteins to amino
acids captured by liver from the bloodstream (Poráčová et al.,
2015) and supports metabolism of fatty acids more than metabo-
lism of saccharides and conserves glucose for the brain – secures
complex regulation of energy metabolism (Longenbaker, 2011).
Cortisol is also a potent anti-inflammatory hormone and its dys-
function is likely to result in widespread inflammation following
the reactivation of acute pro-inflammatory stress response
(Hannibal and Bishop, 2014). Glucocorticoid steroids inhibit
fibroblast growth and specific cell products output (i.e. collagen
and mucopolysaccharide) in vivo (Pratt, 1978). ACTH is responsible
for vital role in regulating the adrenal steroid synthesis and secre-
tion and also exerts profound trophic effect on the adrenal gland
(Rhodes, 2017).

Stressors are a potential threat to the organism, whereas the
stress response is integral to adapting to the stressor. Stressors
both physical and psychological are pervasive and challenge the
well-being of living organism (Shors and Horvath, 2001). Stressors
are load factors affecting the organism from the environment.

Physiological research in animal breeding is the first step to
improve welfare and possibly intensification of experimental pro-
cesses in certain population. The aim of the study was to observe
the difference between two different blood sampling methods
in vivo in two separate sample collection times. The target was
based on different animal fixation with expectation of different
levels of stress (cortisol) and some other blood parameters.
2. Material and methods

All experimental procedures and management of animals were
conducted in accordance with European Community guidelines m.
86/609/EEC regarding the protection of animals for experimental
purpose. Rabbits (n = 10) selected for the experiment were focused
on their welfare and possibly related less invasive or less stressful
collection method for animal. Experiment had duration of 2 weeks
with one blood sample collection each week on the same day and
same time of day. Experimental animals were provided at National
Agricultural and Food Centre, Nitra (Slovak Republic). All rabbits
were in the age of 18 months. Over the duration of the experiment,
animals were placed in separate cages that were equipped with a
feeder and automatic watering system. Environmental condition
in the rabbitry was 16 h of light and 8 h of dark per day (maximal
intensity 80 lx), air temperature 20–24 �C and 65% humidity.
2.1. Blood sampling and analysis

Samples were collected from all animals once a week – first
week using common blood sampling technique (light/open collec-
tion) with one person fixating the animal and other collecting the
blood from the ear marginal vein. On the second week animals
were placed into a bag (dark collection) with only the ear standing
out. The blood was collected into two tubes. Samples for biochem-
ical analysis were placed into tubes without additive, and tubes
containing EDTA as an anticoagulant, were used for the haemato-
logical analysis, mixed and placed into thermobox. After finishing
all blood sample collection, the samples were transported into lab-
oratory where haematological parameters were measured and
later after centrifugation of the samples, blood plasma and serum
was stored in a deep freezer (�80 �C).

2.2. Analysis of blood parameters

Hematologic parameters were measured using Abacus Vet5
(Diatron MI Ltd., Budapest, Hungary) – a fully automatic haemato-
logical analyser which operational principle is based on differences
of resistances of individual blood elements spurred thru soft
microcapillaries. Following haematological parameters were ana-
lyzed: total count of leukocytes (WBC, 109/l); total count of lym-
phocytes (LYM, 109/l); percentage of lymphocytes (LYM, %); total
count of monocytes (MON, 109/l); percentage of monocytes
(MON, %); total count of neutrophils (NEU, 109/l), percentage of
neutrophils (NEU, %); total count of erythrocytes (RBC, 1012/l); hae-
moglobin (HGB, g/l); haematocrit (HCT, %); average volume of ery-
throcytes (MCV, fl); mean corpuscular haemoglobin (MCH, pg);
mean corpuscular haemoglobin concentration (MCHC, g/l); red cell
distribution width (RDWc, %); total count of platelets (PLT, 109/l));
percentage of platelets (PCT, %); mean platelet volume (MPV, fl)
and platelet distribution width (PDWc, %) (Massányi et al., 2014).

After both sample collections further analysis of cortisol levels
and mineral profile parameters were completed. For analysis of
cortisol DIALAB Elisa test kit (DIALAB Pruduktion and Vertrieb
von chemish – technischen Produkten und Laborinstrumenten
Gesellschaft m. b. H., Wiener Neudorf, Austria) was used. Mineral
profile analysis was measured using commercial DiaSys (Diagnos-
tic Systems GmbH, Holzheim, Germany) on the Randox RX Monza
analyser (Crumlin, United Kingdom) (Kováčik et al., 2017; Kovacik
et al., 2019).

2.3. Statistical analysis

Statistical analysis were conducted using GraphPad Prism 6.1
(6.1 version for Windows; GraphPad Software, La Jolla California
USA, www.graphpad.com) to elaborate obtained experimental
data. Values were compared using t-test and significance differ-
ences between groups were set to P < 0.05 and column statistics
were calculated. Results are presented as mean ± S.D.
3. Results

While observing haematological parameters any significant
changes in levels of total count of leukocytes, total count of mono-
cytes, percent of monocytes, total count of neutrophils, total count
of erythrocytes, haemoglobin, haematocrit, average volume of ery-
throcytes, mean corpuscular haemoglobin concentration, red cell
distribution width, total count of platelets, percent of platelets,
mean platelet volume, platelet distribution width were detected.
On the other hand, a significant increase in total count of lympho-
cytes and percent of lymphocytes was found – level of both param-
eters was significantly higher in the samples collected in the
second (experimental/dark) group. Likewise, also a decrease of per-
centage of neutrophils in the dark collection time compared to the
light collection was observed. The level of mean corpuscular hae-
moglobin has significantly decreased in the samples from dark col-
lection (Table 1).

Any significant change in the levels of cortisol between the two
different collection methods though was observed, but a decreas-
ing tendency in the dark collection method was found suggesting
lower stress of animals during the sample collection (Table 2).
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Table 3
Mineral profile parameters (results are presented as mean ± S.D.)

Parameter Light collection Dark collection p – value

Chlorides (mmol/l) 102.90 ± 3.63 104.80 ± 2.55 ns
Phosphorus (mmol/l) 1.87 ± 1.55 3.83 ± 2.05 *

Table 1
Haematological parameters (results are presented as mean ± S.D.)

Parameter Light collection Dark collection p – value

WBC 8.453 ± 2.924 8.224 ± 2.776 ns
LYM 2.162 ± 1.423 3.496 ± 0.996 *
MON 0.459 ± 0.252 0.452 ± 0.154 ns
NEU 5.832 ± 2.401 4.276 ± 1.901 ns
LYM% 28.85 ± 19.11 43.84 ± 8.63 *
MON% 5.53 ± 2.33 5.50 ± 1.45 ns
NEU% 65.62 ± 18.31 50.66 ± 9.40 *
RBC 5.475 ± 0.359 5.780 ± 0.236 ns
HGB 11.65 ± 1.08 11.67 ± 0.75 ns
HCT 39.24 ± 4.84 40.09 ± 2.76 ns
MCV 69.70 ± 4.86 67.30 ± 3.47 ns
MCH 20.71 ± 0.99 19.62 ± 1.26 *
MCHC 29.81 ± 1.96 29.17 ± 1.79 ns
RDWc 16.44 ± 1.56 16.70 ± 0.85 ns
PLT 165.4 ± 91.30 197.9 ± 73.36 ns
PCT 0.101 ± 0.058 0.114 ± 0.044 ns
MPV 6.06 ± 0.29 5.83 ± 0.30 ns
PDWc 29.19 ± 1.35 28.28 ± 1.70 ns

Abbreviations: total count of leukocytes (WBC, 109/l); total count of lymphocytes
(LYM, 109/l); total count of monocytes (MON, 109/l); total count of neutrophils
(NEU, 109/l); percentage of lymphocytes (LYM, %); percentage of monocytes (MON,
%); percentage of neutrophils (NEU, %); total count of erythrocytes (RBC, 1012/l);
haemoglobin (HGB, g/l); haematocrit (HCT, %); average volume of erythrocytes
(MCV, fl); mean corpuscular haemoglobin (MCH, pg); mean corpuscular hae-
moglobin concentration (MCHC, g/l); red cell distribution width (RDWc, %); total
count of platelets (PLT, 109/l)); percentage of platelets (PCT, %); mean platelet
volume (MPV, fl) and platelet distribution width (PDWc, %).

Table 2
Cortisol blood levels (results are presented as mean ± S.D.)

Parameter Light collection Dark collection p – value

Cortisol (ng/ml) 0.490 ± 0.169 0.426 ± 0.174 ns
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Any significant changes in levels of chlorides over the duration
of the experiment were found, whereas a significant increase in
phosphorus level in the second sample collection method was
found (Table 3).
4. Discussion

In study conducted by Voight et al. (2004), a minimally invasive
blood sampling method was used to collect blood from domestic
rabbits using blood-sucking bugs (Reduviidae, Heteroptera). The
results showed that the concentration of progesterone, testos-
terone and hydrocortisone in blood ingested by bugs did not devi-
ate significantly from concentrations in blood obtained with
conventional methods from the same animals. Similarly, in this
study we likewise found no significant differences between stress
hormone levels in the standard and alternative methods used in
our experiment.

Self-stimulation status of the brain lateral hypothalamus was
utilized as a model for positive reinforcement. Basal concentration
level in intact rabbits, determined by means of radioimmunoassay
was equal to 5.31 ± 0.87 mg% over the period of 10 to 2 h p.m. Using
the method of the ear marginal vein dissection shown an increase
of blood cortisol by 19.4% 30 min after the sample collection. A sig-
nificant rise of hormone release into blood was spectated between
five and fifteen minutes following the self-stimulation test. It was
also observed that the levels of cortisol remained higher than nor-
mal for at least 1 h after the self-stimulation experiment (Morla
et al., 1984). In our experiment we observed the cortisol concentra-
tion of cortisol levels – 0.490 ± 0.169 (ng/ml) in the light collection
and 0.426 ± 0.174 (ng/ml) in dark collection.

Szeto et al. (2004), had an important finding that rabbits main-
tained in a controlled laboratory colony secrete both corticosterone
and cortisol in a circadian rhythm which peaks in the afternoon
and reaches nethermost value at 06:00. Levels of cortisol peaked
at 12:00. In our experiment we gathered samples on the same
day of the week and in the same time which should eliminate
the effect of different cortisol levels depending on day-cycle.

In various literature also hypothalamus–pituitaryadrenal axis
responses are swayed by the subordination of stress, fear and
defeat (Raab et al., 1986; Blanchard et al., 1993; Sapolsky 1995;
Koob and Heinrichs, 1999).

Kalaba (2012) study aimed to spectate the physiological
response and stress indicators of California rabbits under intensive
conditions in Egypt found out that cortisol levels were highest in
group with 16 rabbits and stated that 4 rabbits per cage is accept-
able threshold of animals per cage without adverse effect on wel-
fare of rabbits. In our experiment the animals were held in cages
separately.

Moore et al. (2015) observed reference ranges of similar haema-
tological parameters in the New Zealand white rabbits. Our values
were mostly in the range of reference ranges except total count of
platelets, percent of neutrophils which were lower in samples from
both our sample collections and average volume of erythrocytes
which was slightly higher.

Özkan et al. (2012) observed normal values of haematological
and biochemical parameters in serum and urine of New Zealand
white rabbits. The normal range of chlorides is 102.2–
116.9 mmol/l which is in consent with our findings (Simek et al.,
2017). Reportedly the normal results of phosphorus are 1.09–
1.68 mmol/l which is slightly lower than our measure values. As
phosphorus is present inside cells, concentration of blood phos-
phate is easily increased by hemolysis (e.g., spontaneous or sam-
pling problems). Increased levels of phosphorus in ‘‘dark
collection” can be caused by soft tissue trauma. The release of
phosphate from the large intracellular pool as a result of cell injury
was reported (Edwards, 2004). On the other hand, hypophos-
phatemia is not rare, but its clinical significance is unknown and
is usually related to dietary deficiencies or reduced intestinal
absorption (Melillo, 2007).

In this study, a significant difference in the count of lympho-
cytes and neutrophils was observed. In another study where ani-
mals were tested after surgeries results indicated that major
surgery induces a redistribution of lymphocytes from peripheral
blood to lymphatic tissue. It is suggested that the endocrine stress
response may be of major importance (Toft et al., 1993). The avail-
ability of biological markers that objectively quantify stress is a
highly relevant issue. However, experimental evidence suggests
that most physiological changes elicited by stressors do not reflect
their intensity and are not useful for this purpose. Plasma levels of
some hormones and elements have been found to reflect, at least
under certain conditions, the intensity of stressors in animals and
probably in humans (Armario et al., 2010).
5. Conclusion

The target of this study was to observe the effect of different
(experimental) blood sample collection methods with special focus
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on haematological and biochemical parameters to indicate stress
during sample collection using light and dark methods and com-
pare results.

For haematological parameters of rabbit blood, no significant
changes between the sample collections except significant increase
of lymphocytes total count, percentage of lymphocytes and signif-
icant decrease of mean corpuscular haemoglobin and percent of
neutrophils were found. Results indicate that the animals were
healthy during the entire duration of the experiment. Observing
the levels of cortisol, a slight non-significant change between light
and dark collection was noticed, showing better tendency in the
samples from dark collection. For mineral profile any significant
changes in levels of chlorides were found, but a significant increase
of phosphorus levels in the dark collection was observed. We can
point out that our experimental sample collection method had
no adverse effect on health parameters of the animals over the
entire duration of the experiment. Cortisol levels had a decreasing
tendency which can suggest that the animals could have been pos-
sibly less stressed even though our results were not statistically
significant.
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Kováčik, J. et al., 2015. Animal Physiology – Fyziológia živočíchov (in Slovak).
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