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MALE AND FEMALE RATS DIFFER IN HOMEOSTATIC
SHIFTS DURING PRE-SLAUGHTER FEAR STRESS
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In this investigation, the level of cortisol in blood plasma and splenocytes apoptosis in male and
female rats in response to fear stress created by animals’ waiting for different terms (20, 40, 60 min) before
the slaughter were evaluated. A significant and dependent on the stress state duration increase in the level
of cortisol in the blood plasma of both male and female rats compared with the rats of control groups was
found, which was more pronounced in females compared to males. The number of Annexin V-positive (apop-
totic) cells was determined by FACS analysis. It was shown that the content of apoptotic splenocytes during
the stress before slaughter was higher in females compared to males. The prolongation of the stress period
was accompanied by an increase in the content of apoptotic splenocytes in males and its decrease in females.
The potential hormone-dependent attenuation of the mechanisms of adaptation to stress before slaughter in

female rats is discussed.
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fects functioning of different organs and sys-

tems of the body, including the immune sys-
tem that is among the most vulnerable to stress. The
acute (last minutes) stressors were associated with
potentially adaptive up-regulation of the parameters
of the innate immunity and down-regulation of some
functions of acquired immunity, while the action of
chronic stressors was associated with a suppression
of both cellular and humoral immune factors. Stress
is a process of altered biochemical homeostasis pro-
duced by the psychological, physiological, and/or
environmental stressors. Any of these stimuli, no
matter whether physiological, physical or social, is
perceived by the body as challenging, threatening, or
demanding one and can be labeled as a stressor. The
presence of a defined stressor leads to the activation
of the neuro-hormonal regulatory mechanisms that
maintain the homeostasis in the body. The overall
physiological impact of these factors and the adapta-
tion ability of the body determine the variations in
growth, development, productivity, and health status
in animals and human [1-3].

S tress is a multi-factorial phenomenon that af-

Stress decreases the immune responses in dif-
ferent manner. Firstly, it increases the oxidative
stress through an increased production of the reac-
tive oxygen species (ROS) [4]. Free radicals interact
with other bio-molecules within cells and cause
the oxidative damage of plasma membrane, as well
as cellular proteins, lipids and DNA [3]. Besides,
stress suppresses the antioxidant system, through
inhibiting the activity of the enzymes of the anti-
oxidant defense — superoxide dismutase, catalase,
glutathione reductase, and glutathione peroxidase
[5]. Stress also enhanced apoptosis of specific types
of cells through activation of the glucocorticoid re-
ceptor (GR) and other mechanisms [6], and the ap-
pearance of the apoptotic cells induce the immune
response and trigger the immune tolerance [7].

The spleen cells are among the first bio-victims
of the stress-induced apoptosis. At physiological
conditions, the spleen plays a role of an important
peripheral immune organ. The main functions of
spleen are: a) destruction of damaged and aged cells;
b) an enhancement of the bacterial phagocytosis;
¢) the accumulation of plasmocytes; d) production
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of the immunoglobulins (antibodies). Therefore,
a destruction of spleen cells through apoptosis re-
duces the immune defense of the body provided by
the innate and acquired immunity [8]. The physio-
logical functions of spleen are under control of the
adrenal and sex hormones. The adrenal hormones
inhibit the development and differentiation of B-lym-
phocytes and their transformation to the plasmatic
cells. While the sex hormones (estrogens, prolactin,
androgens and others) stimulate differentiation of
B-lymphocytes in spleen to their producing of the
antibodies [9].

In animals subjected to the oxidative stress, dif-
ferent biological systems are affected by a warning
signal from the sympathetic nerves that is trans-
formed through a series of metabolic changes of the
glucocorticoids (GCs) [4, 10]. The GCs are essential
endocrine regulators of homeostasis of body func-
tions and adaptation to the environmental changes,
e.g. stress. They regulate the essential body func-
tions in mammals, as well as control cell metabo-
lism, growth, differentiation, and apoptosis. Besides,
they act as potent suppressors of the inflammation,
and multiple immune-modulating mechanisms such
as leukocyte apoptosis, differentiation, and cytokine
production have been described [11]. There is a link
between the GCs and sex hormones because GCs
are the primary physiological anti-inflammatory
hormones, while the sex hormones may also exert
the immune-modulating functions. The sex hor-
mones affect the functions of the immune cells and
inflammation. The androgens elicit mainly the anti-
inflammatory effect, whereas estrogens possess both
pro- and anti-inflammatory activity, depending on
the type of the immune response or variability of
expression of estrogen receptors (ER) and their iso-
forms [11]. It was suggested that animals” wellbeing
is affected by a stress irrespective of their sex [10].

Despite the existing results of experiments on
the molecular and cellular mechanisms of stress-in-
duced response [12], these mechanisms stay poorly
understood. Of special interest are changes in the or-
ganism of animals before a slaughter-induced stress,
and sex-dependent differences in such mechanisms
are not studied. This interest is caused by the bioeth-
ical reasons and the problems of production of high
quality meat of the agricultural animals.

The aims of present study were to investigate:
1) the role of stress hormone, cortisol, at the pre-
slaughter fear stress in the laboratory animals (male
and female rats); 2) the level of apoptosis in spleno-

cytes of male and female rats before the slaughter-
induced stress. The reason to perform such experi-
ments was to look for sex-dependent differences in a
response of rats to the slaughter fear-induced stress.

Materials and Methods

White adult Wistar laboratory male and female
rats (average mass — 180-220 g) were used in the
study. Animals were maintained under standard ani-
mal housing conditions in plastic cages with a 12 h
light/dark cycle (light on 7 a.m.) temperature 22°C
and given standard feed and water. The rats were
fed standard briquetted compound feed for labora-
tory animals (DSTU 4142-2002, manufactured by
the LTD D-MIX, Ukraine). Feed intake was moni-
tored daily.

All experiments on animals (laboratory rats)
were conducted keeping to the bioethical rules of
the European Convention “On protection of verte-
brate animals used in experimental and scientific
aims” (Strasbourg, 1986), humanity principles of
the Directory of the European Community, and the
Bio-Ethics Commission of Lviv National University
of Veterinary Medicine and Biotechnologies named
after Stepan Gzhytskyi (Protocol N2 dated by De-
cember 25, 2015).

Four groups of animals (six animals in each
group — three male rats and three female rats) were
used in the experiments. In the control group (3
males and 3 females), animals were taken gently
from the individual cages and slaughtered within
2 min. The rats of three experimental groups —
Stress 1, Stress 2, and Stress 3 — were taken from
each cage from the first to sixth animals (3 males
and 3 females) simultaneously in 20 min, 40 min and
60 min, respectively. At the end of the experiment,
all animals were decapitated under ether anesthe-
sia. The blood was taken at the decapitation point
using heparin as anti-coagulant. Spleen was isolated
from rat body, put in plastic Petri dish and dissected
with scissors. The pincers were used to remove the
splenocytes from the spleen, and splenocytes were
washed twice with the phosphate buffered saline
(PBS) before study.

Cortisol concentration in blood plasma was
measured by the ELISA Kit (EIA-1887, DRG Inter-
national, Inc., USA) using the enzyme-linked immu-
nosorbent assay.

Flow cytometry analysis. Two-color flow cy-
tometry analysis (An+/PI-) was performed for apop-
tosis measurement. Splenocytes were transferred to
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Annexin-V-binding buffer (100 ul per sample), and
labeled with 5 pl FITC-labeled Annexin V and 2 pl
Propidium iodide (PI). The tubes were incubated in
the dark for 15 min at room temperature. 300 pl of
Annexin V binding buffer was added to each reaction
tube to wash the cells. The FACScan flow cytometer
(Becton Dickinson, USA) was used for analyses on
the first (FL1) and second (FL2) channels. Mode data
of 10 000 events were collected for each sample, and
their analysis was performed using CELL Quest
software. The markers for determining positive and
negative apoptotic cells were set according to nega-
tive controls in all cases to account for background
fluorescence.

Statistical analysis. The results were processed
statistically with the software package Statistica 6.0
and Microsoft Excel for Windows XP. Probability of
difference was assessed by Student’s t-test. Results
were considered statistically significant at P < 0.05.

Results and Discussion

The first aim of our study was to compare
changes in the level of stress hormone, cortisol, in
blood serum of male and female rats before their
slaughter depending on the duration of the pre-
slaughter period. We detected (Fig. 1) that the level
of this hormone in blood of animals waiting for the
slaughter for a longer time (60 min) was higher com-
paring with such level in animals waiting for the
slaughter for a shorter time (20 min) and in control
animals (2 min). Such peculiarity was found in both
male and female rats, however, the level of cortisol
in females was increased to a significantly higher
value, comparing to that level in males. There was
no difference in the level of this stress hormone in
blood serum of male rats waiting in the cages for
their slaughter for 20 and 40 min, while there was a
>2.5 times increase in cortisol level in blood serum
of the female rats waiting for their slaughter for the
same periods of time. There was 2.2 times increase
in the cortisol level in blood serum of male rats
waiting for the slaughter 20 min (45.4 ng/ml) as com-
pared to animals waiting 60 min (98.0 ng/ml), while
in the female rats, such increase in the cortisol level
was much more significant — 4.5 times (from 27.0
to 121.4 ng/ml) (Fig. 1). Thus, one may suggest that
female rats are more sensitive to the pre-slaughter
fear stress comparing with the male rats.

We did not reveal significant differences be-
tween the male and female rats in the content of
some indicators of metabolism and the activity of
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selected enzymes in blood plasma of rats of different
sexes (Table). Due to technical problems (big dis-
tance between our laboratory and the location of
the biochemical analyzer), we could not measure all
those indicators in animals of groups under the pre-
slaughter stress.

The second aim of our study was to determine
the effect of the pre-slaughter fear stress on the in-
tactness of splenocytes of male and female rats.
The amount of the Annexin V-positive (apoptotic)
splenocytes was significantly elevated in male rats
of Stress 3 (60 min) group and in female rats of all
pre-slaughter stress groups — 1, 2 and 3 (20, 40 and
60 min), compared with the amount of the Annexin
V-positive splenocytes in control groups of male
and female rats (Fig. 2, 3). It has to be noted that the
amount of dying (apoptotic) splenocytes in female
rats was considerably higher than in stressed male
rats of all experimental groups — Stress 1 (20 min),
Stress 2 (40 min) and Stress 3 (60 min). In the male
rats of Stress 3 (60 min) group, the ratio of dying
splenocytes was increased to 23.8 %, compared with
14.0% in Stress 1 (20 min) group (P < 0.05), while in
the female rats, this dynamics was opposite — 31.7%
in Stress 3 (60 min) group, compared with 45.8% in
Stress 1 (20 min) group (P < 0.05).

Thus, in the male rats, a positive correlation is
observed between the pre-slaughter stress fear-in-
duced increase in the level of cortisol in blood serum
and the amount of dying (apoptotic) splenocytes. At
the same time, in the female rats, there is a negative
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Fig. 1. Cortisol level in blood plasma of male and
female rats in different terms before their slaughter.
*P < 0.05 (compared with control); *P < 0.05 (fe-
male rats of Stress 3 group compared with male rats
of Stress 3 group)
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Biochemical indicators in blood plasma of male and
female rats (M +m, n = 3)

Variable \ Male \ Female
Albumin, g/l 28.4+3.2 27.3+5.8
Total protein, g/1 68.3t4.2 73.6+5.2
Total bilirubin, pmol/l  8.6£3.4 10.2£2.5
ALT, pmol/h-ml 114.4+7.6 116.7+7.2
AST, pmol/h-ml 151.7+16.2 187.0+44.9
LDH, U/l 668.7£72.9 449.7+327.3
Alk-P, U/l 11.746.5 10.7£2.6
Creatinin, pumol/l 31.6+3.0 32.6+£9.6
Urea nitrogen, mmol/l ~ 8.1+0.7 7.2£1.2
Cholesterol, mmol/l 2.0+0.1 2.0+0.2
Calcium, pmol/l 2.7+0.3 2.8+0.2
Phosphorus, mmol/I 1.3+01 14401
Glucose, mmol/l 9.1+1.9 9.0+1.5

correlation between these parameters — the level of
cortisol and the ratio of the apoptotic splenocytes.

The original cytofluorograms of the survival
status of splenocytes of male and female rats under
pre-slaughter fear stress are presented in Fig. 3.

Thus, for the first time, we revealed that the
biological responses of male and female rats to the
pre-slaughter fear stress created by different term
(20, 40 and 60 min) of animal waiting in the stressed
conditions before the slaughter are dependent on sex
of animals. From three types of measured indicators,
two types, namely, the cortisol level in blood plasma
of rats and the level of cell death in spleen tissue
were more pronounced in the female rats than in the
male rats.

The stress is known to trigger the acute and
chronic alterations in blood plasma content of the
cortisol, and it may result in the alterations of the
physiological and behavioral reactions of animals
[13-15]. The results of measurement of cortisol level
in blood before and after the exposure to the stressor
demonstrated an 8-fold elevation of this indicator in
the male rats and its 10-fold elevation in the female
rats which stayed for 60 min under the pre-slaughter
fear stress, compared with control group (unstressed
male and female rats).

At normal metabolism, the ROS participate in
several physiological functions like ATP generation,
various catabolic and anabolic processes, and cel-
lular redox cycles. However, an excessive generation
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Fig. 2. The ratio (%) of the Annexin-positive sple-
nocytes in rat male and female during animal fear
stress before the slaughter. Dying splenocytes were
double stained with Annexin V/Propidium lodide
and estimated by FACS analysis. *P < 0.05 (com-
pared with control)

of free radicals caused by the endogenous biologi-
cal or exogenous stressing factors, such as chemi-
cal exposure, pollution, or radiation, are harmful
(stressful) for the organism [3]. The oxidative stress
is triggered by the imbalance between the level of
ROS generated as a byproduct of the normal aerobic
metabolism and the capacity of the enzymatic and
non-enzymatic antioxidant systems to inactivate the
ROS excess [12]. Thus, the oxidative damage might
be not only a cause, but also a consequence of cell
death, including apoptosis and necrosis [12].

Our suggestion is consistent with the increased
ratio of the Annexin V-positive (apoptotic) spleno-
cytes detected in both male and female rats under
the pre-slaughter fear stress. Other investigators re-
vealed the association between the apoptosis of sple-
nocytes accompanied by the alterations in the ex-
pression of mRNA coding for apoptosis regulators
(Bax, Bcl-2 and Caspase-3) and the oxidative stress
induced by the dietary nickel chloride in broilers
[16]. In another study, it was reported that in rats
under the experimental hyperthermia stress [7] and
in human patients with coronary heart disease [17],
both the increased cortisol level and elevated number
of the Annexin V-positive (apoptotic) splenocytes
take place.

We did not expect to reveal sex-dependent
difference in time pattern of dying splenocytes in
rats under the pre-slaughter fear stress. A distinct-
ly higher ratio of the apoptotic cells was detected
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Fig. 3. The cytofluorograms of splenocytes of male and female rats at their stress before the slaughter (R2 —
necrotic cells; R3 — late apoptotic cells (An*/PI*); R4 — intact (alive) cells; R5 — (An*/PI') early apoptotic cells
Fluorescent channels FLI (Annexin V, x-axis) and FL2 (Propidium iodide, y-axis)

in spleen of the stressed female rats comparing to
the stressed male rats. While in female rats, this
ratio was decreased with the duration of stress, in
male rats, the ratio of the dying splenocytes was
increased, although not reaching the ratio value re-
vealed in the female rats under stress. Such differen-
ce in the behavior of the immune cells (splenocytes)
in the stressed male and female rats might be attribu-
ted to the role of sex hormones. The higher preva-
lence of the apoptotic cells in germinal centers of the
female cGVHD mice compared with the male mice
implicates a gender-specific factor and suggests that
immune activation may be more intense in the fe-
males [18]. A balance of the pro- and anti-apoptotic
proteins can be changed by the glucocorticoids, and
the pro-apoptotic versus anti-apoptotic effect is tis-
sue- and/or cell type-specific [6].

The stress is known to enhance the activity of
the hypothalamus-pituitary-adrenal (HPA) axis that
results in an increased secretion of the corticoste-
roids of the adrenal cortex. Cortisol is a biomarker
for stress and depressive disorders [18]. Since sex
hormones and glucocorticoids (GCs) act in the same
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cellular pathways regulating leukocytes growth, dif-
ferentiation, and survival, the simultaneous action
of these hormones would likely enhance or abrogate
the effects elicited by the individual stressing factors.
The corticosteroids and sex hormones are derived
from the cholesterol through the same steroidoge-
nic pathway, with common metabolic intermediate,
progesterone, and are under the control of the hypo-
thalamus—pituitary—adrenal gland (HPA) axis [11].
A revealed decrease in the amount of the apoptotic
splenocytes at simultaneous elevation of the concen-
tration of cortisol in the female rats under the pre-
slaughter fear stress could be explained by blocking
the effect of cortisol by the female sex hormones,
however, the confirmation of this suggestion needs
additional experiments.

Summarizing, we demonstrated that the male
and female rats differ in their response to the pre-
slaughter fear stress. The main characteristics of this
difference are: 1) higher level of induced cortisol in
blood of the stressed female rats, comparing with the
stressed male rats; 2) higher amount of the apoptotic
cells in spleen of the stressed female rats comparing
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with the stressed male rats; 3) opposite pattern of
time-dependent change in the amount of the apop-
totic splenocytes in the stressed male (increase) and
female (decrease) rats. Such changes were induced
by the pre-slaughter fear stress and they suggest a
suppression of the functions of the immune system
that is an important element of homeostasis in the
body.

Conclusions. A significant elevation of the cor-
tisol level in blood serum of both male and female
rats at the slaughter fear-induced stress was revealed,
compared with rats of control (untreated) group.
This elevation was more pronounced in the female
rats, comparing to male rats. An increase in the cor-
tisol level strongly depends on the duration (20, 40
and 60 min) of the pre-slaughter fear stress.

To address a potential immune constituent in
the response of pre-slaughter fear-induced stress in
rats, a survival status of spleen cells was estimated
as a ratio of the Annexin V-positive cells measured
by FACS analysis. Sex-dependent difference be-
tween time-dependent patterns of changes in the
amount of the apoptotic splenocytes was revealed.
While in the male rats, an increase in the duration
of the pre-slaughter stress led to an increase in num-
ber of the dying splenoctes, in the female rats, such
prolongation of the pre-slaughter stress led to a de-
crease in number of the dying splenocytes. It should
be noted that the amount of dying splenocytes in the
stressed female rats stayed significantly higher than
such amount in the stressed male rats.

The results of this study suggest both cortisol-
dependent regulation and potential sex hormone-
dependent regulation of the mechanisms of animal
adaptation to the pre-slaughter fear stress.
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BIAMIHHOCTITOMEOCTATUYHUX
3PYHIEHb Y CAMUIB I CAMOK
{YPIB IIIJI YAC CTPECY IEPEJ
3ABOEM
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H. P. Cropoxid?, P. C. Cmoiika®™

UJIpBiBCHK Ui HAIIIOHABHUM YHIBEPCUTET
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imeni C. 3. xuupkoro, Ykpaina;
ZlucturyT Gionorii kinitunu HAH Ykpainu, JIbBis;
He-mail: stoika.rostyslav@gmail.com

Y 1mpOMYy HOCIHIJDKEHHI OIlIHIOBaIM pPiBEHBb
KOPTH30IIY B IJIa3Mi KPOBI Ta aloITo3 CIICHOLUTIB
y CaMIIiB i CaMOK TIYypiB T[T 9ac CTpecy, IKUH CTBO-
pIOBaBCSl OYIKYBaHHSIM TBAapHH Yy HaIPyXKCHOMY
cTaHi mpoTsaroM pizHuxX TepmiHiB (20, 40 i 60 xB)
nepen 3a0oeM. BusBneHo 3HauHEe 3ajekHE BiX
TPUBAJIOCTI CTPECOBOTO CTaHY ITiIBUINEHHS PiBHS
KOPTH30Jy B IJIa3Mi KPOBi SIK CamIliB, TaK i CaMOK
IypiB mepen 3a00€M TOPIBHSHO 31 IIypaMu KOH-
TPOJIGHUX TPyI, BHPaKEHINle B CAMOK TOPIBHSHO
13 camiaMmu. KinbKiCTh aHEKCUH V-IO3UTUBHUX
(amoNTOTHYHUX) KIIITHH BU3HAYAIH 33 JOTIOMOTOFO
FACS-ananizy. BMicT anonTOTHYHUX CIUICHOIIUTIB
y Tmepiox cTpecy mepen 3a00em OyB BHIUM Y ca-
MOK TOpPiBHSHO 13 camusiMu. [Toka3zaHo, 1o mooB-
JKEHHS TIepioJly CTPEecOBOro CTaHy mepen 3a00eM
CYIIPOBOI)KYBAJIOCh 3pOCTAHHSIM BMICTY aronTH4-
HUX CIUICHOLHMTIB Y CaMI[iB Ta HOTO 3MEHIICHHSIM
y caMok. OOGroBopeHoO MOTEHIIHHE TOPMOH3aJIeKHE
ocnabJieHHsT MeXaHi3MiB afamnTarlii 1o cTpecy nepes
3a00€M B CaMOK IIIYPiB.

KnaogoBi cmoBa:camili Ta CaMKH IIypiB,
cTpec nepex 3a00e€M, KOPTH30J1, AlIONTO3.
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