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Chronic restraint stress induces severe disruption of the T-cell specific
response to tetanus toxin vaccine
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SUMMARY

Chronic stress is known to induce immunological disorders. In the present study we examined the
consequences of chronic restraint stress on the immune response to tetanus toxin in mice. We
investigated the repartition of subsets of lymphoid cells in blood and spleen, the functional ability of
lymphocytes to proliferate and to produce cytokines, and antibody titres against tetanus toxin
following stress. We report discordance of the stimulation index of lymphocytes in the restraint
group: the proliferating rate severely decreased following stimulation with a relevant antigen,
whereas it increased with mitogen. Thus, we report a decrease in cytokine production with relevant
antigen (interferon-y and interleukin-10), without a T helper type 1 and 2 secretion imbalance.
Moreover, we observed an alteration in the humoral response, including a delay in isotype
maturation and an immunoglobulin G1/G2a imbalance.

INTRODUCTION

Acute and chronic stress can both have short and long-term
consequences, either protective or damaging, as described more
than 64 years ago by Selye.! According to Dhabhar and
McEwen, stress is a constellation of events, beginning with
a stimulus (stressor) that precipitates a brain reaction (stress
perception) that subsequently activates physiological systems
in the body (stress response).? Allostasis — the ability to achieve
stability through change — is critical to survival, and the price
of physiological accommodation to stress is considered as
allostatic load.>* Numerous studies have shown that stress,
through the activation of the sympathetic nervous system
and the hypothalamic—pituitary—adrenal (HPA) axis can be
immunosuppressive and hence detrimental to health. The com-
munication circuits within and between the immune system

Received 28 April 2000; revised 6 September 2000; accepted 20
September 2000.

8Dr Y. Mailfert has died since this work was performed.

Abbreviations: Ab, antibody; APC, antigen-presenting cell; CyS5,
cyanine5-phycoerythrin; Con A, concanavalin A; DC, dendritic cell;
FCS, fetal calf serum; HPA, hypothalamic—pituitary—adrenal; IFN,
interferon; OD, optical density; PBL, peripheral blood leucocytes; PE,
phycoerythrin; RST, restraint; SI, stimulation index; TeNT, tetanus
toxin.

Correspondence: J.-N. Tournier, DBAT, CRSSA, 38 702 La
Tronche cedex, France.

© 2001 Blackwell Science Ltd

and the nervous system are complex, including shared ligands
and their receptors. Moreover, interactions between the
immune and nervous systems are bidirectional.” The immune
system, in addition to its well-known functions, could be
considered as a diffuse sense organ scattered through the body,
which communicates with the central nervous system. The
sharing of ligands (hormones, neurotransmitters and cyto-
kines) and their receptors constitutes a biochemical informa-
tion network between each of these systems.

However, the interactions between the immune system and
the HPA axis are not always deleterious.>® The immune system
itself responds to pathogens or other antigens with its own
form of allostasis. At the same time, other allostatic systems,
such as the HPA axis and the autonomous nervous system,
interfere with the immune system. It seems relevant to
distinguish between acute and chronic effects of stress. For
example, acute stress enhances the trafficking of lymphocytes
and macrophages to the site of acute challenge through HPA
axis stimulation;’ the effects of stress are probably beneficial.
By contrast, repeated stress induces a decrease or a disruption
of cellular immunity,®®? a decrease of the different subsets of
lymphoid cells in secondary lymphoid organs that correlates
with a decrease of antibody levels,'® and/or a disruption of
cytokine secretion.!!

Several studies have reported an alteration of the antibody
response and lymphocyte proliferation to hepatitis B or
influenza vaccine in the context of stress.”>'® In order to
understand the mechanisms involved in the alteration of the
immune response, we investigated the effects of a chronic
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restraint (RST) stress on the response to tetanus toxin (TeNT)
vaccine in mice. We assessed the repartition of lymphoid cell
subsets in blood and spleen, the functional ability of
lymphocytes to proliferate and to produce cytokines and the
antibody response to TeNT.

This study highlights the fact that chronic stress may have
important deleterious effects on both cellular and humoral
vaccine-induced responses. We report here a discordance of the
stimulation index of lymphocytes in the restraint group: the
proliferating rate severely decreased following stimulation with
relevant antigen, whereas it increased with mitogen.

MATERIALS AND METHODS

Mice, restraint protocol and immunization

Six- to eight-week-old male BALB/c mice were purchased from
CERJ (Mayenne, France). All experiments were approved by
the institutional animal experimentation ethical committee.
The experiments were performed twice. Upon arrival, mice
were kept in quarantine for a week under standardized housing
conditions (five animals per cage with water and food ad
libitum) with inversion of the light cycle (light 19-00-07-00 hr).
Three groups of 10 mice (RST groups) were stressed according
to the following protocol: mice were restrained daily (5 days
out of 7) in well-ventilated, horizontal 50-ml conical poly-
propylene tubes for 6 hr (09-00-15-00 hr). Three groups of 10
mice were used as control. Mice were intraperitoneally (i.p.)
immunized on day 0 and boosted on days 7 and 15, at 11-00 hr
with 0-5 ml of 1/20 of the human dose of TeNT vaccine (40 Lf/
ml, Tétavax, Pasteur vaccins, Marnes-la-Coquette, France)
diluted in sterile phosphate-buffered saline (PBS; Sigma, St.
Louis, MO). Two groups of 10 mice (one RST and one control)
were killed serially on days 5, 12 and 19. Mice were decapitated
and blood was collected on EDTA at 09-30 hr in order to avoid
fluctuations in the plasma corticosterone levels resulting from
differences in circadian rhythm. Plasma were collected and
stored at —80°. Plasma corticosterone levels were measured in
duplicate with a radioimmunoassay kit (['**I]Corticosterone
RIA kit; ICN Pharmaceuticals, Costa Mesa, CA).

Analysis of lymphocyte subsets from spleen and peripheral
blood

Spleens were removed immediately after killing and placed in
a sterile plastic Petri dish containing 3 ml PBS. Isolation of
spleen cells was achieved using a potter homogenizer, trans-
ferred into a 50-ml polypropylene tube, and filtered through
a 70-um cell strainer (Becton Dickinson, Franklin Lakes, NJ).
Potters were washed with Hanks’ balanced salt solution
(Sigma) and the final volume of each cell suspension was
adjusted to 5 ml. Cells were then washed once in Hanks’
solution. Red blood cells were removed by mixing the pellet
with lysis NH4CI buffer (5 min at room temperature, 5 ml per
spleen). Cells were washed and adjusted to 10° cells/ml in PBS
containing 0-1% sodium azide and 3% bovine serum albumin
(BSA; Sigma).

After red cell lysis in NH4Cl buffer (15 min at 25°),
peripheral blood leucocytes (PBL) were washed twice with PBS
and then suspended at 10° cell/ml in 0-1% sodium azide/3%
BSA in PBS. Two-hundred-microlitre samples of cell suspen-
sions were labelled for 30 min at 4° in 96-well plates (V-bottom,
Nunc, Roskilde, Denmark) with the following antibodies:

fluorescein isothiocyanate (FITC) -labelled anti-CD45, phy-
coerythrin (PE) -labelled anti-CD8a, cyanine5-phycoerythrin
(Cy5) -labelled anti-CD3 complex, Cy5-labelled anti-CD4,
cyS-labelled anti-CD45R/B220, PE-labelled anti-CD45RB, PE-
labelled anti-B7.2 and PE-labelled anti-la® (Pharmingen,
San Diego, CA). Cells were washed twice with 0-1% sodium
azide/3% BSA in PBS and fixed with 1% formaldehyde (Sigma)
in the washing buffer. Three-colour flow cytometry analysis
was performed on a FACS Vantage® (Becton Dickinson) using
the CellQuest® software.

Spleen cell proliferation assay and cytokine quantification
Spleen cells were isolated as described above and adjusted to
2 x 10 cells/ml in RPMI-1640 (Sigma) containing 5% fetal calf
serum (FCS; Gibco, Merelbeke, Belgium), 100 U/ml penicillin,
0-1 mg/ml streptomycin (Sigma), 2 mm L-glutamine (Sigma),
referred to as complete medium. Two-hundred-microlitre
samples of these cell suspensions were added in triplicate to
the wells of a sterile 96-well plate (Costar-Corning, Cambridge,
MA). Each sample was tested in the presence or in the absence
of activating agents [concanavalin A (Con A) at 5 pg/ml
(Sigma) or TeNT at 10 pg/ml (a gift from Dr Marche, Inserm
U 238, Grenoble, France)]. Plates were incubated at 37° in a 5%
CO, atmosphere for 5 days. On day 5, cells were pulsed with
H]thymidine (ICN Pharmaceuticals) for 18 hr and then
harvested. Incorporation of [PH]thymidine was measured in
a B-scintillation counter (microbeta, EG & G Wallac, Turku,
Finland).

Interferon-y (IFN-y) and interleukin-10 (IL-10) secretion
by splenocytes in the presence of TeNT or Con A was measured
in culture supernatants on day 5. Cytokine levels were deter-
mined using enzyme-linked immunosorbent assay (ELISA) kits
(Quantikine system, R & D, Oxon, UK).

Detection of anti-TeNT-specific antibody production by
ELISA, and antibody-forming cells (AFCs) by ELISPOT
assay

Plasma antibody titres were determined by ELISA.!” Briefly,
96-well plates (Maxisorp immunoplates, Nunc) were coated
with TeNT at 5 pg/ml. Serial twofold dilutions of plasma were
incubated for 2 hr at 37°. Biotinylated goat antibody anti-
mouse immunoglobulin M (IgM), IgGl, or IgG2a (Southern
Biotechnology Associates, Birmingham, AL) was then added.
End-point titres were expressed as the log, of the reciprocal of
the last dilution of sample which gave an optical density (OD)
value > 2 x OD of a pool of control plasma.

Total immunoglobulin-secreting cells and antigen-specific
AFCs were assessed with an ELISPOT assay.'® Ninety-six-well
nitrocellulose plates (MAHA millipore, Bedford, MA) were
coated overnight at room temperature with goat IgG anti-
mouse IgG (Sigma) or IgM (Bethyl, Montgomery, TX) at 5 ug/
ml (100 pl per well) for total IgG or IgM AFCs, respectively,
or with TeNT at 5 pg/ml for anti-TeNT-specific AFCs. After
washing (four times with PBS), uncoated sites were blocked
with 1% BSA in PBS (200 ul per well) for 1 hr at 37°. Serial
twofold dilutions of cell suspensions at 2x 10° cells/ml in
complete medium were added in duplicate (100 ul per well) and
incubated for 4 hr at 37° under 5% CO,. Plates were washed
three times with PBS and three times with 0-1% Tween-20—
PBS. Then, 100 ul of biotinylated goat IgG anti-mouse IgG
or IgM (1/20 000, Southern Biotechnology Associates) in
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PBS—0-1% Tween-20 was added and incubated overnight
at 4°. After washing, 100 ul of 1/1000 dilution of alkaline
phosphatase-conjugated streptavidin (1 mg/ml, Jackson Lab-
oratories, West Grove, PA) were added and incubated for
30 min at 37°. Plates were then washed four times with PBS and
developed by addition of 5-bromo-4-chloro-3-indolyl phos-
phate (Sigma). Plates were incubated for 10 min at room
temperature and washed with water. Wells were photographed
and AFCs in each well were counted.

Statistical analysis

Analysis of variance was performed using the Staview
software. Differences among groups of animals were calculated
by the two-tailed analysis using Fisher’s Protected Least
Significance Difference test.

@

RESULTS
Assessment of stress

The stress was assessed by plasma corticosterone levels on the
day of killing. The levels were three- to fourfold higher in the
RST than in the control group with high statistical significance
(P<0-001), and decreased over time (Fig. 1).

Redistribution of lymphocytes subsets in spleen and peripheral
blood

We addressed the question of the redistribution of relative
percentages of leucocyte subsets in blood and spleen in mice
under stressful conditions. Table 1 shows that spleen subsets
were distributed similarly in both the RST and the control
group, but peripheral cell subsets clearly differed, with
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Figure 1. Corticosterone level: blood samples from control mice ([J)
and RST mice (M) were taken at 09-30 hr on the day of killing to avoid
fluctuations of plasma corticosterone levels resulting from circadian
rhythms. Corticosterone levels were measured by radioimmunoassay;
results are expressed as ng/ml plasma. Data are shown as mean +SD
for each group of mice. **P <0-001.
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a decrease of the relative percentages of B and CD4* T cells
in the RST group (P <0-05).

The modulation of cell surface marker expression has been
reported to be related to maturation or cell activation.'®°
Therefore, we investigated the expression of several cell surface
markers on splenocytes and PBLs (Table 2). CD45RB expres-
sion increases as T cells progress from naive to memory cells,>!
B7.2 expression on antigen-presenting cells (APC) plays an
important role in T-B-cell costimulatory interactions,?> and
major histocompatibility complex (MHC) class II expression
on APCs plays a role in restriction of the T-cell recognition.
In the spleen, on day 5, B7.2 expression tended to increase

Table 1. Cell subsets in the spleen and peripheral blood lymphocytes

Time

(days)  Group B cells T cells TCD4" T CD8"

Spleen

5 control  56-0+56 385420 305423 115423
restraint  46:7+3-6  37-8+3:0 299426 13:0+1-0

12 control  53-1+2-38 362+16  30-:0+2-1 11-1+0-8
restraint  55-:0+2-5 343427 289414 10-:34+1-1

19 control  430+84 377436 295436 8-8+32
restraint  48:6+6-8  385+36  30-3+£2:2  10-1+24

Peripheral blood lymphocytes

5 control  341+6:5 49-5+42 424431 11-5+1-5
restraint  21-84+9-0  59-24+64 478448 153+19

12 control  42:8+82  60:6+6:1 493+43 145+14
restraint 382427 623429  494+4-1 16:5+22

19 control  40-2+6-1% 572+6:8% 43-6+43* 140+17
restraint  25-8+11-7 469+78  337+53  149+2-1

Cells were labelled with FITC-, PE- and Cy5-conjugated antibodies and
further analysed by flow cytometry. Results are expressed for each group of
mice as mean percentages of cells expressing relevant markers + SD.

*P<0-05.

Table 2. Cell surface marker expression in the spleen and in peripheral
blood lymphocytes

B cells
CD4 cells
Time (days) Group CD45RB MHC 11 B7.2
Spleen
5 control 91-8+3-7 6424115 31+1-1*
restraint 87-7+2-1 80-54+69 6:3+1-6
12 control 96:4+0-6 91-44+29 16:5+4-6
restraint 96:94+0-8 90-6+2-5 137422
19 control 861430 779+3-4 80+1-8
restraint  88:1+1-8 82:34+10-2 10:6 +34
Peripheral blood lymphocytes
5 control 98-4+0-8 65-8+18-0 20:9+16-6
restraint 97-6 +1-5 60-1+12-7 19-6+14-7
12 control 89-3+16 74-84+4,2* 12:3+6-8%*
restraint  89-4+1-5 51-54+104 57439
19 control 95-4+1-7* 80-24+6-1% ND
restraint  91-9+2-1 6554154 ND

Cells were labelled with FITC-, PE- and Cy5-conjugated antibodies and
further analysed by flow cytometry. Results are expressed for each group of
mice as mean percentages of cells expressing relevant markers +SD.

*P <0-05; ND, not done.
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whereas this modification disappeared on days 12 and 19, but
we cannot rule out a lower labelling efficiency. We observed no
significant modification of CD45RB expression on CD4%
T cells.

By contrast, PBLs exhibited severe modulation of cell
surface markers in RST mice: the relative percentage of B cells
expressing MHC class II molecules (P<0-05) and of B7.2
(P<0:05) was lower. Indeed, the relative percentage of T
CD4™" cells expressing the CD45RB memory marker was
significantly lower on day 19 (P <0-05).

Spleen cell activation upon antigen and mitogen challenge:
proliferation and cytokine expression

We next asked if T-cell responses could be modified by stress.
Spleen cell proliferation was measured on days 5, 12 and 19.
Our preliminary studies had shown that optimal proliferation
rates with TeNT were obtained after 5 days of culture. Using
this protocol, we observed striking differences in the prolifer-
ating capacity with TeNT as compared to Con A (Fig. 2). On
days 12 and 19, after the first and second boost, the stimulation
index (SI) with TeNT increased significantly in the control
group but not in the RST group (P<0-001). By contrast, a
trend towards a higher SI in the RST group was observed after
mitogen stimulation.

We further investigated the ability of lymphocytes to
produce cytokines in culture with TeNT or mitogen. When
cultured with TeNT, splenocytes from RST mice displayed

a significantly reduced production of cytokines from both T
helper type 1 (Thl; IFN-y) and Th2 (IL-10) subtypes compared
to the splenocytes of control mice (Fig. 2). After mitogenic
stimulation, cytokine production was similar in both RST and
control groups.

Kinetics of the antibody production

To investigate the effects of stress on the humoral response,
anti-TeNT antibody titres were assessed on days 5, 12 and 19.
No differences between RST and control mice were found
5 days after the first immunization (Fig. 3). On day 12, anti-
TeNT IgM titres increased (P<0-05) in RST mice, whereas
anti-TeNT IgG1 and IgG2a decreased compared to the control
group (P <0-05). In contrast, 19 days after the first immuniza-
tion and two booster injections, the titre of anti-TeNT IgM was
similar in both groups, but a significant decrease was observed
in anti-TeNT IgG. These differences between the RST and
control groups were significant only with anti-TeNT IgG2a
isotype (P <0-05).

We evaluated the number of anti-TeNT and total IgM and
IgG AFCs (Fig. 3). A difference in the number of specific [gM
AFCs was observed on day 5 (P <0-05), while total IgM and
IgG AFCs were not affected by stress (data not shown). On
days 12 and 19, anti-TeNT IgM AFC numbers were similar,
whereas anti-TeNT IgG AFCs were increased at days 12 and 19
in RST group (P<0-05).
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Figure 2. Stimulation index and cytokine production levels in splenocyte cultures. Splenocytes from each mouse were culture for 5
days. Incorporation of [*H]thymidine was measured in a B-scintillation counter. The stimulation indices of control mice (L]) and RT
mice (M) were calculated as a ratio of counts per minute (c.p.m.) in stimulated wells/c.p.m. in control wells. IFN-y and IL-10
quantification of control mice (open bars) and of RST mice (filled bars) were performed on supernatants using ELISA. After culture
with TeNT, IFN-y and IL-10 were undetectable on day 5 in both groups, and IFN-y was undetectable on day 19 in the RST group.
Results with either TeNT (a) or Con A (b) are expressed as mean+ SE. *P<0-05; **P <0-001.
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Figure 3. Anti-TeNT antibody titre in the plasma and anti-TeNT
antibody-forming cells in the spleen. (a) Titres of anti-TeNT IgM, 1gG1
and IgG2a in plasma were evaluated by ELISA. Results are expressed
as mean of log, titre+SE of control mice (open bars) and of RST
mice (filled bars). (b) Anti-TeNT-specific AFCs IgM and IgG were
quantified by ELISPOT. Results are expressed as mean 4 SE of control
mice (open bars) and of RST mice (filled bars). Anti-TeNT IgG and
anti-TeNT IgG FACs were undetectable on day 5. *P<0-05.

DISCUSSION

Our results provide new insight into the modulation of the
immune response in a context of chronic restraint stress.
First, we confirmed the effects of chronic restraint stress on
lymphocyte tissue distribution, in agreement with a previous
study.!® In the spleen, the percentages of different subsets were
not affected, whereas in blood we observed a significant
decrease in B and CD4" T cell numbers on day 19. Several
studies have reported that stress induces a modulation of
leucocyte trafficking.>** Cell trafficking is crucial to surveil-
lance as well as to the effector function. Glucocorticoids,
a major stress mediator, interact with leucocyte trafficking. In
the delayed type hypersensitivity model, it was shown that
glucocorticoids induce a redeployment of leucocytes through-
out the body that enhances cell-mediated immunity in acute
stress, while they are immunosuppressive in chronic stress.>¢
However, in our study we observed in parallel a decline in B
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and T CD4" lymphocyte numbers and a decrease in
corticosterone levels.

Moreover, we observed an important down regulation of
surface molecules on peripheral B cells, strategic for efficient T-
cell activation (MHC II and B7.2). These modifications may
compromise the full development of B-cell functions indepen-
dently of the effects of stress on leucocyte redeployment. The
question remains whether circulating B cells could further fully
develop in lymphoid organs.

More important is the information on lymphocyte function.
We have shown that lymphocytes from RST mice tend to be
more susceptible to mitogen activation. Thus, mediators of
stress (e.g. glucocorticoids or sympathetic neuromediators)
seem to enhance directly or indirectly the proliferation capacity
of splenocytes. However, in culture with the relevant antigen,
splenocytes of RST mice had a lower SI than splenocytes of
control mice. Similar results have been reported in a model of
inescapable footshock stress.® Splenocytes of rats immunized
with cholera toxin did not respond to the relevant antigen but
proliferated in the presence of lectin (Con A and phytohae-
magglutinin). We referred to this situation as a restraint stress-
induced discordance of SI. These results are compatible with
two main hypotheses: either mediators of stress interact directly
with specific proliferating T cells after presentation of TeNT-
derived peptides by APC, or APCs, in a context of stress
mediators, present peptides loaded on MHC without stimulat-
ing T cells. In both cases, anti-TeNT T cells would be induced
to become anergic or to undergo apoptosis, explaining the SI
differences between RST and control mice splenocytes. It is
noteworthy that these hypotheses are not mutually exclusive,
and that mediators of stress could interact with both T cells and
APCs.

On the one hand, we could suppose that T cells are sensitive
to mediators of stress. Glucocorticoids that are produced
within the thymic environment have been shown to induce
thymocyte apoptosis.>® Furthermore, steroid-induced apoptosis
of thymocytes has been suggested as a potential mechanism
for the removal of non-selected thymocytes, and thymus-
derived glucocorticoids set the thresholds for thymocyte
selection by inhibiting T-cell-receptor-mediated thymocyte
activation.”® Thus, we can draw the hypothesis that cortico-
sterone released by the HPA axis during stress could interfere
with T lymphocytes after engagement of T-cell receptors. Anti-
TeNT T-cell clones could have been stimulated in a context of
mediators of stress, including glucocorticoids. In these condi-
tions, the physiological stimulation of anti-TeNT clones
would lead to a stress-induced abortion of these clones after
a rapid expansion (as for corticosteroid-induced cell death in
thymus). Moreover, other mediators of stress could induce
deletion of lymphocytes. A recent report sheds new light on
the promotion of apoptosis of splenocytes in a model of
restraint stress.”’” This study suggests that stress-induced
changes in CD95 (Fas/Apo-1) expression and lymphocyte
number could be blocked by specific opioid receptor antag-
onists, indicating a pivotal role of endogenous opioids in this
process.

On the other hand, the dendritic cell system of APCs, is the
initiator and the modulator of the immune response.”*>° The
efficiency of presentation by dendritic cells depends on their
maturation status, which is driven by complex environmental
interactions. Previous studies have shown that mediators of
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stress, such as glucocorticoids, modulate the efficiency of
presentation by DCs. Glucocorticoids can either induce
tolerance® or modulate the capacity to stimulate T cells.?>?
In our model, we can hypothesize that an alteration of
microenvironment involving stress mediators could modulate
the APCs’ ability to stimulate T cells. In this case, APCs that
present TeNT-derived peptides without costimulation signals
or with a low rate of peptides loaded on MHC class II could
drive anergy of TeNT-specific T cells, or deletion of these
clones.

We observed other disruptions in the maturation of the
humoral response. First, anti-TeNT antibody titres showed
a delay in isotype maturation in RST mice (higher titres of IgM
and lower titres of IgG1 and IgG2a on day 12). The maturation
of B cells into plasma cells was correlated with their migration
from spleen germinal centres to the bone marrow. A delay in
the maturation of B cells could therefore account for the
observed increase in numbers of anti-TeNT IgG-secreting cells
in the spleen of RST mice. Second, we observed an IgG1/IgG2a
imbalance in RST mice. Although no single cytokine appears
to be required for the generation of IgG1/IgG2a responses in
vivo, IFN-y has been shown to enhance IgG2a production,
while IL-4 stimulates IgGl responses.>*** Thus, the IgGl/
IgG2a imbalance is proposed to reflect a shift toward Th2.'°
However, our results show that Thl and Th2 cytokine
production did not shift with time from Thl toward Th2. In
the absence of Th lymphocytes, because of their stress-induced
functional depletion, cytokines (either Thl or Th2) would not
be produced in the microenvironment of the germinal centres
of RST mice. In our model of stress, we could hypothesize that
the IgG1/IgG2a imbalance reflects an absence of cytokine
signalling rather than a positive shift toward Th2 secretion, in
opposition to other current hypotheses.*®

This study is of particular interest since it suggests that
chronic stress could be detrimental to the T-cell vaccine
response. The clinical impact remains to be evaluated. The
identification of stress mediators and the deciphering of the
molecular mechanisms involved in these alterations warrant
further investigations.
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