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Abstract: Morpho-quantitative studies of the spleen indicate that the proportions of the compartments and sub-
compartments are stable in normal conditions. However, disorders due to stress can influence the number and
function of the immune cells in this organ. The aim of this study was to determine, through the model of altering the
early mother-infant bond and altering the late social bond through isolation, the effect on the morpho-quantitative
characteristics of the spleen in adult Sprague-Dawley rats subjected to intermittent chronic stress in adulthood.
Twenty-five newborn female rats were used, kept under the standardized lactation and feeding conditions. The rats
were assigned randomly to 2 control groups (C1 and C2) and 3 experimental groups, exposed to early (E1), late (E2)
or early-late (E3) adverse experiences and then subjected to intermittent chronic stress in adulthood (C2, E1, E2
and E3). The spleen of each animal was isolated and its morphometric characteristics were determined: volume
density (Vv) of the red pulp, white pulp, marginal zone, splenic lymph nodule, periarterial lymphatic sheath and ger-
minal center; areal number density (Na), surface density (Sv), number density (Nv), diameter (D) and total number
of splenic lymph nodules. The mass of each compartment was also determined. A one-way analysis of variance
(ANOVA) and Scheffé’s post hoc test were used for the statistical analysis. The p values were considered significant
when they were less than 0.05 (*) and very significant at less than 0.025 (**). There were significant differences in
the Vv of the red pulp, white pulp and their sub-compartments between the control and experimental groups. The
white pulp increased significantly (P = 0.000) in E1, E2 and E3 compared to C1 and C2. The average Na and D val-
ues of the splenic lymph nodules were also higher in the experimental groups. The ANOVA for the mass of the spleen
and the red pulp revealed no differences between the groups. The mass of the white pulp and its subcompartments
was greater in the experimental groups. A higher proportion of white pulp in the experimental groups could be as-
sociated with an increase in spleen immune activity, with alterations depending on certain cell subsets. The chronic
stress produced morpho-quantitative changes in the rat spleen, and these depended on the animal’s history of
stress, whether it had been previously stressed or not, with further exposure to stress in adulthood.
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Introduction

Stress is defined as the body’s non-specific
response to any real or perceived threat or
external force that triggers the general adapta-
tion syndrome in the body [1]. This stressful
event may increase vulnerability to certain dis-
eases, producing for example changes of bal-

ance between the secretion of proinflammatory
and immunoregulatory cytokines and/or pro-
ducing effects on leukocyte transport and dis-
tribution [2-4]. Stress-induced immunological
alterations manifest essentially in those pathol-
ogies linked directly to the immune mecha-
nisms, such as autoimmune infections, diseas-
es and neoplasias [5, 6].
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To better understand the mechanisms that
underlie these alterations, it is important to
consider that depending on the type of stressor
or its duration, it is possible to produce immu-
nosuppression or enhance the immune res-
ponse [7]. Moreover, the changes observed in
the immune function will depend on the type of
response evaluated (innate or acquired) and on
the different components of the immune sys-
tem (IS) studied, such as primary or secondary
lymphoid organs [8].

Stress, can induce a modulation of the IS
through the hypothalamic pituitary adrenal
(HPA) axis and the adrenal gland. In this con-
text, the main mediators of stress are the corti-
cotropin-releasing hormone (CRH) in the para-
ventricular nucleus of the hypothalamus, adre-
nocorticotropic hormone (ACTH) in the anterior
pituitary, and catecholamines and glucocorti-
coids in the adrenal glands [9].

Both physical and psychosocial stress alter the
functioning of the IS [10]. In humans, it has
been found that the total number of leukocytes
in the blood as well as the levels of adrenalin
and noradrenaline increased after a period of
psychological or physical stress, with the num-
ber of monocytes, K lymphocytes and B lym-
phocytes increasing significantly with physical
stress [11]. By contrast, psychological stress
can modulate cell-mediated immunity by sup-
pressing lymphocyte proliferation and activat-
ing K lymphocytes, reducing the number of
CD4+ lymphocytes in the peripheral blood and
altering the proportion of T CD4+/CD8+ lym-
phocytes [12, 13]. A variant of psychological
stress is social stress, which has an impact on
the susceptibility to enteropathogens, decreas-
ing the proportion of T CD4+/CD8+ lympho-
cytes in the spleen [14].

In addition, the stress response and its effects
on the immune function can be viewed in the
context of a stress-immune spectrum [7]. One
region of this spectrum is characterized by
acute stress, short in duration, in which a rapid
response to physiological stress is observed in
the presence of the stressor, followed by a
rapid cessation of the response when the ten-
sion stops. In this context, studies have shown
that the response to acute stress is an evolu-
tionary, physiological adaptation of survival
that can promote health, improving the immune
response. It has been suggested that an impor-
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tant function of the neuroendocrine mediators
released under conditions of acute stress may
be to guarantee that the appropriate leuko-
cytes are in the right place at the right time to
respond to an immune challenge that could be
initiated by the induction of a stressor [15, 16].

During acute stress, biphasic changes are pro-
duced in the number of cells in the blood. In the
initial phase, shortly after the appearance of
the tension, there is an increase in the total
number of leukocytes due to the action of the
catecholamines, with the increase in K lympho-
cytes and granulocytes being more prominent
[12, 15, 17, 18]. As the stress response contin-
ues, activation of the HHA axis releases gluco-
corticoids, which induces the leukocytes, main-
ly lymphocytes and monocytes, to leave the
blood and take up position in organs and/or
tissues that serve as defense barriers for the
body, such as the skin and pulmonary, gastroin-
testinal and urogenital epithelia [3, 16, 19].
During acute stress, both the spleen and the
blood are temporarily depleted of leukocytes.
During this period, these compartments are
prone to immunosuppression, whereas the
skin, which is the route of entry for some patho-
gens, shows an immunological improvement [4,
17]. These results are correlated positively with
studies by Zalcman and Anisman [20], who
reported that acute stress suppresses splenic
immunoglobulin (Ig) M plaque-forming cell res-
ponse.

In contrast to acute stress, it has been shown
that chronic stress produces deregulation of
the immune response, both innate and adap-
tive [21, 22], suppresses immunity by decreas-
ing the number, transport and function of
immune cells in peripheral blood [7], promotes
proinflammatory activity driven by type 2 cyto-
kines [23] and suppresses protective T cells,
increasing the function of suppressor T cells in
the skin [24]. It has also been observed that
chronic stress suppresses immunoprotective
parameters such as cell immunity driven by
type 1 cytokines [25] and the number of mono-
cytes and K lymphocytes in peripheral blood
[26]. Nevertheless, it has been reported that
chronic stress improves mitogenic activity by
inducing proliferation of the splenocytes and
splenic 1gM production [20], being correlated
with the positive regulatory role that endoge-
nous glucocorticoids play in the production of
in vivo antibodies in peripheral blood against
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certain antigens [27] and a higher percentage
of T-helper cells in the spleen [26].

Although the spleen is the largest secondary
lymphoid organ in the body, there are very few
studies that have investigated the effects of
chronic stress on its morphology. The spleen
has two main compartments: the red pulp,
related to the destruction of aged and dam-
aged erythrocytes, and the white pulp, which
initiates the immune responses to foreign anti-
gens. The proportions of the compartments
and subcompartments are stable under normal
conditions; however, they can change, reflect-
ing functional and structural deteriorations in
the IS as the result of a disease [28]. In this
context, histoquantitative studies into the nor-
mal and altered morphology of the spleen could
make possible a more precise evaluation of the
pathological states that affect this organ under
different stress conditions. According to Furri-
anca et al. [29], in clinically healthy adult rats
the proportions of the main compartments of
the spleen were 53.9% red pulp, 25.75% white
pulp and 15.87% marginal zone. In 6-month-
old Wistar rats, the red and white pulp present-
ed in a proportion of 41.10% and 28.56%,
respectively. In the white pulp, 15.77% corre-
sponded to the periarterial lymphatic sheath
(PALS) and 12.79% to the splenic lymph nod-
ules. The marginal zone represented 22.77% of
the splenic tissue [30]. On the other hand,
under conditions of chronic stress, Wistar-
Kyoto rats presented alterations in the struc-
ture and size of the follicles as well as in the
morphology of the splenic parenchyma associ-
ated with changes in the plasma corticosterone
levels [31]. Moreover, Wistar rats presented a
higher percentage of follicles and marginal
zone in the white pulp compared to the control
groups when treated chronically with immuno-
suppressants [32].

This is particularly important for understanding
the mechanisms involved in the regulation of
the IS under stress conditions; however, the
role of chronic stress in the regulation of the
immune response of the spleen as it pertains
to the morphological changes of this organ
remains to be ascertained in greater detail.
Additionally, studies have shown that the etiol-
ogy of some diseases not only develops due to
a genetic predisposition or adult lifestyle, but
the moment at which the stressor occurs to
alter the immune response must also be con-
sidered [33]. Consequently, it would be inter-
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esting to know the morphological changes the
spleen might undergo when exposure to stress
occurs at different points in an individual's
development. The aim of our study was to
determine, through the model of altering the
early mother-infant bond and altering the late
social bond through isolation, the effect on the
morpho-quantitative characteristics of the
spleen in adult Sprague-Dawley rats subjected
to intermittent chronic stress in adulthood.

Materials and methods
Animals

Twenty-five Sprague-Dawley female albino new-
born rats were used, taken from the
Experimental Surgery Unit of the Doctorate in
Morphological Sciences in the Faculty of
Medicine at the Universidad de La Frontera,
Chile. They were kept in controlled environmen-
tal conditions in terms of temperature, environ-
mental noise and a 12/12 h light-dark cycle.
The experiments were conducted according to
the Guide for the Care and Use of Laboratory
Animals [34]. The project was approved by the
Scientific Ethics Committee of the Universidad
de La Frontera (ED11-0054).

The rats were divided into five groups of five
animals each, randomly assigned.

Experimental group 1 (E1): subjected to early
adverse experience.

Experimental group 2 (E2): subjected to late
adverse experience.

Experimental group 3 (E3): subjected to early-
late adverse experience.

Control group 1 (C1): not subjected to early or
late adverse experiences; No exposure to
chronic intermittent stress.

Control group 2 (C2): not subjected to early or
late adverse experiences.

Early adverse experience (E1): (alteration of the
mother-infant bond through reduction of the
lactation period).

Newborn rats with 18 days of lactation, sepa-
rated from their mother and kept in a cage
under conditions of social interaction, water
and food (pellets) ad libitum for a period of 110
days.

Int J Clin Exp Pathol 2015;8(4):3624-3635
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Late adverse experience (E2): (alteration of the
social bond through isolation in adulthood).

Newborn rats with 23 days of lactation, sepa-
rated from their mother and kept in a cage
under conditions of social interaction, water
and food (pellets) ad libitum for a period of 80
days. Then, they were placed in individual
cages, restraining all types of social interaction
for 110 days. During this period, they had
access to water and food (pellets) ad libitum.

Early-late adverse experience (E3): (alteration
of the mother-infant bond through reduction of
the lactation period and rupture of the social
bond through isolation in adulthood).

Newborn rats with 18 days of lactation, sepa-
rated from their mother and kept in a cage
under conditions of social interaction, water
and food (pellets) ad libitum for a period of 80
days. Then, they were placed in individual
cages, restraining all types of social interaction
for 110 days. During this period they had
access to water and food (pellets) ad libitum.

Control group 1 (C1): Group without early or late
adverse experiences, without exposure to inter-
mittent chronic stress (normal morphological
control of the spleen).

Newborn rats with 23 days of lactation were
separated from their mother and kept in a cage
under conditions of social interaction, water
and food (pellets) ad libitum for the entire
experiment (116 days).

Control group (C2):

Newborn rats with 23 days of lactation, sepa-
rated from their mother and kept in a cage
under conditions of social interaction, water
and food (pellets) ad libitum for a period of 110
days.

Measuring intake behavior

At the end of the 110-day period, for the follow-
ing six days, the members of each group were
deprived of food for 20 h a day. Afterwards, for
two hours (anticipatory period), in the presence
of a visual stimulus, they were provided with a
diet of 50 g of pellets and 50 g of Quaker
Quadritos® (oatmeal squares) with 200 ml of
water. At the end of this period, the food and
water were removed to measure intake. Then,
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for another two hours (stress stage) the rats
were given the same diet, but this time in the
presence of the stress stimulus. At the end of
this period, the stress stimulus was removed,
and the food and water intake was quantified.
Intake behavior was evaluated by determining
the number of calories consumed per each
gram contributed by the diet.

Diet
Pellet: 5% fiber and 20% protein (3.375 cal/g).

Quaker Quadritos®: 4.5% fat, 11% protein and
70% carbohydrate (3.640 cal/g).

Anticipatory stage

For a period of two hours a day for six consecu-
tive days, a visual stimulus (red light) was
applied to each rat as previously described
prior to intermittent chronic stress.

Intermittent chronic stress stage

For a period of 2 hours a day after the anticipa-
tory stage and for 6 consecutive days, a stress
stimulus (tail pinch) was applied to each rat
that consisted of placing a metallic clamp
approximately 2 cm distal to the base of the tail
[35].

Morphometric and stereological analysis

On post-natal day 116, the rats were sacrificed
by cervical dislocation to extract the spleen.
The maximum value of length, width and thick-
ness was determined, as well as the mass of
each organ and the volume quantified using the
Scherle’s method [36]. For the stereological
study, five pieces were obtained from each
spleen following the rules of the Orientator [37].
Then, the samples were fixed in 10% buffered
formalin for 24 h, dehydrated and fixed in paraf-
fin (Histosec, Merck). Once the blocks were
made, 4-um-thick sections were taken using a
Microm HM 325 microtome. From each block,
five histological sections were made separated
from one another by 200 um to be then stained
with hematoxylin and eosin (H-E). Five fields
were observed for each section; 125 in total.
The slides were analyzed in a Motic® SMZ-171
stereo zoom microscope with a magnification
of 30X and photographed with Moticam® 2300
camera. The images were projected onto a
View Sonic® flat screen monitor. The multipur-
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Nt=%><f3><Nv

where W = mass of the
spleen; s = specific gravity of
the spleen tissue (= 1.27); f,
= factor for tissue contrac-
tion in cubic dimensions (=
0.59).

The mass (mg) of each com-
partment of spleen tissue
was also determined; these
tissues were calculated by
multiplying the correspond-
ing Vv by the spleen mass.

Statistical analysis

The statistical analysis to-

Figure 1. Spleen of Sprague-Dawley rat. C1 group. A: Shown the red pulp (RP) Ok place with IBM SPSS
and white pulp (WP) with subcompartments: splenic lymph nodules (SL) and  Statistic 21° software, and
lymphonodular artery (arrow), B: Marginal zone (MZ), periarterial lymphatic  the assumptions were veri-

sheath (PALS), (H-E).

pose M42 test was used to make the stereo-
logical determinations. The stereological
parameters evaluated were: 1) volume density
of the red pulp (Vv,,), white pulp (Vv,.), mar-
ginal zone (Vv,,), splenic lymph nodules (Vv ),
PALS (Vv,, ) and germinal center (Vv.), 2)
areal number density of the splenic lymph nod-
ule (Na); 3) surface density of the splenic lymph
nodule (Sv); 4) number density of the splenic
lymph nodule (Nv) and 5) average diameter of
the splenic lymph nodule (D). The number den-
sity of splenic lymph nodules per 1 mm? of tis-
sue was obtained using the following equation
[38]:

3
1 Na
= XKX
Nv B K VVSL

where Na = number of splenic lymph nodules
per mm? of spleen sections; Vv, = volume den-
sity of splenic lymph nodules; 8 = 0.87 (splenic
lymph nodule form factor); K = 1.06 (size factor
of the reduction of splenic lymph nodules). The
average diameter of splenic lymph nodules (D)
was calculated using the equation based on
the assumption that the splenic lymph nodules
are spherical [38]:

_ 2 /3  WSL
R
D=2 41 Nv

The total number of splenic lymph nodules (Nt)
was calculated by applying the following equa-
tion [38]:
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fied with the one-sample

Kolmogorov-Smirnov  test
(data normality test) and Levene's test
(homoscedasticity analysis). For the analysis of
the differences between groups, a one-way
analysis of variance (ANOVA) and Scheffe’s
post hoc test were used. The P values were
considered significant when they were less
than 0.05 (*) and very significant at less than
0.025 (™).

Results

The compartments of the spleen, red pulp and
white pulp with their subcompartments
appeared well-defined and easily observed in
the control groups (C1 and C2) and the experi-
mental groups (E1, E2 and E3) (Figure 1).
However, both C2 and the experimental groups
presented reactive congestion in the red pulp
and the splenic lymph nodules were hyperplas-
tic, with larger germinal centers; these changes
were more evident in the experimental groups
(Figure 2).

Morphometry of the spleen

Of the morphometric parameters assessed,
only the thickness presented statistically sig-
nificant intergroup differences (P = 0.037).
Scheffé’s post hoc analysis revealed that this
difference was produced between E1 and E2 (P
= 0.039). The morphometric measurements of

Int J Clin Exp Pathol 2015:8(4):3624-3635
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Figure 2. Spleen of Sprague-Dawley rat. C2 Group. A: Shown the proportion of the compartments of the spleen, with
congestive red pulp, B: Splenic lymph nodules with germinal center (GC). E1 Group. A: Shown the proportion of the
compartments of the spleen, with congestive red pulp and greater number of splenic lymph nodules with germinal
centers, B: Splenic lymph nodules with germinal center. E2 group. A: Shown congestive red pulp and increased the
proportion of white pulp and subcompartments, B: Splenic lymph nodules with larger germinal center. E3 Group. A:
Shown congestive red pulp and increased the proportion of white pulp and subcompartments with closer together
lymph nodules, B: Splenic lymph nodules hyperplastic with larger germinal center (H-E).

Table 1. Morphometric analysis of the spleen in female Sprague-Dawley rats subjected to early, late
and early-late adverse experience and later intermittent chronic stress

. Mean SD
Variable P
Cc1 Cc2 E1 E2 E3
Length (mm) 33.45+2.16 33.60+1.41 34.92+0.71 32.50+0.90 33.46%+0.52 0.098
Width (mm) 8.87+0.35 8.87+0.57 8.96+0.37 8.80+0.33 9.10+0.57 0.855
Thickness (mm) 5.08+0.13 5.03+0.41 4.74+0.45 5.41+0.12 5.01+0.24 0.037
Volume (mm?2) 0.53+0.05 0.50+£0.06 0.504£0.024 0.51+0.06 0.52+0.05 0.832

average length, width, thickness and volume of

another (P = 0.000). Scheffé’s post hoc test for
the spleen in the different groups are present-

the analysis of multiple comparisons of the

ed in Table 1.
Stereology of the spleen

The ANOVA for the average volume density of
the spleen tissue compartments showed that
there was at least one group that differed from
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means of the groups revealed significant differ-
ences between the control and experimental
groups (Figure 3).

With respect to the stereological parameters of
the splenic lymph nodules, the ANOVA showed
at least one group that differed from another

Int J Clin Exp Pathol 2015;8(4):3624-3635
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Figure 3. Volume density of rat spleen. Average volume density of the spleen tissue compartments of female
Sprague-Dawley rats previously subjected to adverse experiences: early (E1), late (E2) and early-late (E3) and sub-

sequent intermittent chronic stress in adulthood.
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Figure 4. Stereological characteristics of the splenic lymph nodules in rats. Stereological parameters of splenic
lymph nodules of female Sprague-Dawley rats previously subjected to adverse experiences: early (E1), late (E2) and
early-late (E3) and subsequent intermittent chronic stress in adulthood.

(P<0.025). Scheffé’s post hoc test again
revealed significant differences between the
control and experimental groups (Figure 4). The
average total number of splenic lymph nodules
for different groups was C1 = 144.9 (SD =
35.28); C2=131.52 (SD =35.48; E1 = 139.09
(SD = 35.47); E2 = 149.82 (SD = 32.65); E3 =
144.69 (SD =40.90). The only significant differ-
ences were presented between C2 and E2 (P =
0.003).
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The ANOVA of the spleen mass, showed that
although there were differences, these were
not significant (P>0.05). The average mass of
the spleen for the different groups was C1 =
553.40 (SD = 43.09); C2 = 543.20 (SD =
25.43); E1 =556.00 (SD =12.41); E2=539.40
(SD = 41.37); E3 = 555.20 (SD = 53.57). With
respect to the mass of the white pulp and its
subcompartments, the ANOVA reflected that
there was at least one group that differed from

Int J Clin Exp Pathol 2015;8(4):3624-3635
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Figure 5. Mass of the spleen compartments. Average mass of the spleen tissue compartments of female Sprague-
Dawley rats previously subjected to adverse experiences: early (E1), late (E2) and early-late (E3) and subsequent

intermittent chronic stress in adulthood.

another (P<0.025), no significant differences
were found in the mass of the red pulp (P>0.05).
Scheffé’s post hoc test showed significant dif-
ferences for the average mass between the
control and experimental groups in the white
pulp and subcompartments (Figure 5).

Discussion

The criteria for evaluating the defense capabili-
ties of the IS are variable and complementary.
The morphological evaluation of the IS organs
is one way to understand the effects of stress
on these structures. In this context, the mor-
phometric indicators of length, width, weight
and volume did not present any significant
intergroup differences, which may indicate that
the chronic stress applied in this experimental
model, unlike neoplasias and infections [39],
does not produce morphological changes asso-
ciated with splenomegaly, one of the most
important pathological signs of this organ.
However, these observations do not discount
possible changes or alterations in the morphol-
ogy and function of the spleen under stress
conditions. Stress determines an endocrine
response, releasing catecholamines and gluco-
corticoids that can bring about immunosup-
pression or enhance the innate or acquired
immune response in different compartments of
the body, including the spleen, which will
depend on the nature of the stressor and its
duration, among other factors [2-4, 7, 22-25].

The microscopic analysis of the spleen showed
an alteration in the proportion of the compart-
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ments of the red pulp and white pulp, with their
subcompartments and hyperplasia of the
splenic lymph nodules and germinal centers,
compared to C1, which was not chronically
stressed. Thus, these observations are consis-
tent with the stereological analysis of the
spleen, where the white pulp in experimental
groups E1 (39.33%, SD = 2.98), E2 (42.95%,
SD = 4.76) and E3 (44.84%, SD = 7.95) was
significantly greater (P = 0.000) than C1
(31.96%, SD = 4.63); conversely, although C2
(33.92%, SD = 3.89) presented a higher per-
centage than C1, this was not significant (P =
0.057). By contrast, the percentage of red pulp
decreased in the experimental groups E2
(49.89%, SD = 5.07) and E3 (49.41%, SD =
7.76) compared to C1 (52.04%, SD = 4.81) and
C2 (53.66%, SD = 3.73).

These results suggest an increase in the
immune activity of the spleen associated with
morphological changes that depended on the
animals being chronically stressed with only a
physical stressor, a tail pinch [35], in adult-
hood, or being stressed previously with differ-
ent early, late or early-late adverse experi-
ences.

The increased parameters in the experimental
groups compared to C2 demonstrate the impor-
tance of being exposed to stress prior to a later
event. In this model, the rats were stressed at
an early age by separating them early of their
mother (E1), stressed later in adulthood by
keeping them isolated for 30 consecutive days

Int J Clin Exp Pathol 2015;8(4):3624-3635
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(E2), or a combination of the two. Thus, being
re-exposed to a chronic stressor in adulthood,
the experimental groups showed a more pro-
nounced response in the percentage of white
pulp in the spleen compared to C2. These
results were correlated with the observations
reported by Miller et al. [26], who indicated that
relevant physiological chronic concentrations
of natural adrenal steroids, such as corticoste-
rone, had powerful effects on the distribution
of immune cells in rat spleen. While it is true
that these authors observed a decrease in the
total number of leukocytes, the results also
indicated that there were absolute and relative
increases in some cell subsets, such as an
increase in the number of neutrophils and a
higher percentage of K lymphocytes, compared
to the control group, along with a higher per-
centage of T-helper cells, after the chronic
administration of type Il adrenal steroid recep-
tor agonists.

Studies suggest that genetics and environmen-
tal factors, i.e. nature and nurture, fulfill an
important role in establishing individual differ-
ences in the psychophysiological response to
stress and in the effects that the response can
have on a body or an individual [40]. In this con-
text, our results differ from those reported by
Hernandez et al. [31] regarding the changes
produced in the proportions of the red pulp vs.
white pulp. They observed that Wistar-Kyoto
rats experienced an increase in the percentage
of red pulp and a decrease in the white pulp
compared to the control group after subjecting
the animals to chronic stress by immobilization,
administration of hydrocortisone or both (immo-
bilization + hydrocortisone). These discrepan-
cies may be due, on the one hand, to the Wistar-
Kyoto rat being a strain in which the HPA axis is
overactive and, on the other, to applied chronic
stress lasting days to weeks, which resulted in
a reduction in plasma corticosterone levels.

With respect to the volume density of the mar-
ginal zone, splenic lymph nodules, PALS and
germinal center of the white pulp, the experi-
mental groups presented a higher value than
C1, which revealed a common pattern in the
morphological changes of these compartments
after applying the experimental model, charac-
terized by greater volume density in those more
vulnerable groups. By contrast, C2 followed a
different pattern; the marginal zone (17.30%
SD = 2.69) and germinal center (1.18%, SD =
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1.20) presented a lower volume density than
C1(19.49%, SD = 3.85 and 1.56%, SD = 1.49,
respectively), with significant differences for
the marginal zone (P = 0.000). The splenic
lymph nodules and PALS in C2 showed a higher
volume density than C1; however, percentage-
wise it did not exceed the experimental groups.
These results illustrate how physical and psy-
chosocial stress produce different effects on
the immune function [10]. However, in the liter-
ature few studies give account of the effects
that chronic physical and psychosocial stress
has on the spleen; rather they refer to the trans-
port, number and function of cell-mediated
immunity in peripheral blood [11-13], which
makes it difficult to better understand the
spleen’s role in the immune response when the
individual is under different situations of chron-
ic stress. In this respect, studies performed on
the spleen of DBA/2 mice showed that stress
due to social conflict (intruder/resident)
increased plasma corticosterone levels, decre-
ased the proportion of T CD4+/CD8+
lymphocytes, significantly increased the per-
centage of CD3+ lymphocytes and reduced the
ability of splenocytes to proliferate in vitro in
the presence of lipopolysaccharides [14].
Nevertheless, other models of chronic stress
due to social conflict (fights among peers)
showed that the spleen had a greater number
of mononuclear cells, a significant increase in
monocytes and neutrophils, and a decrease in
the percentage of CD4 lymphocytes. In addi-
tion, this type of stress increased the prolifera-
tion and reduced the sensitivity of the spleno-
cytes stimulated with lipopolysaccharides to
the anti-proliferative effects of corticosterone,
which suggests fights among peers induced a
state of resistance to the glucocorticoid in sple-
nocytes [41]. Additionally, the repeated social
defeat in mice during a period of 2, 4 or 6 con-
secutive days was associated with cell mobili-
zation and the increase in myelopoiesis in the
bone marrow, an increase accompanied by an
accumulation of neutrophils and monocytes in
circulation and in the spleen. The substantial
depletion of B cells in the bone marrow and
blood was associated with an increase in splen-
ic B cells, which indicates a reorientation of this
type of cells in the spleen. By contrast, T cells
were remarkably reduced in these immune
compartments [42].

Our results are consistent with those reported
by Avitsur et al. [41] and Engler et al. [42]. Along
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with an increase in white pulp in the experimen-
tal groups, the splenic lymph nodules showed
greater areal number density, surface density
and diameter compared to C1; E3 always
showed significant differences (P = 0.000) in
these parameters. C2 showed significantly
higher values than C1 only in the diameter of
the splenic lymph nodules (P = 0.000). In addi-
tion, the mass of the white pulp, splenic lymph
nodules and PALS was also greater in the
experimental groups compared to C1; however,
C2 presented a non-significant increase in
mass compared to C1 in these compartments.
Furthermore, the mass of the marginal zone
and germinal center in the experimental groups
and C2 did not present significant differences
compared to C1, which suggests to us that the
chronic stress applied in this model could spe-
cifically alter certain cell populations in each
subcompartment of the spleen.

Apparently, these results are contradictory with
respect to the immunosuppressive effects that
chronic stress has on the immune response,
innate as well as adaptive [7, 21-25]. However,
other factors that can influence the direction
(improvement vs. suppression) of the effects of
stress or stress hormones and the nature of
the immune response affected (immunoprotec-
tive, immunoregulatory/inhibitory or immuno-
pathological) must be considered [4]. In the
immune response of the spleen, it is important
to recognize the effects of stress on the leuko-
cyte distribution in the body [2, 3, 16, 17, 19],
the differential effects of the physiological vs.
pharmacological concentrations of glucocorti-
coids [26], the differential effects of endoge-
nous glucocorticoids (cortisol and corticoste-
rone) as opposed to synthetic (dexamethasone,
RU28362 and FK506) [27, 32, 43], whether the
studies are conducted in vivo or in vitro [44],
types of adrenal receptors involved (type | or 1)
[16, 26], among others.

Animal studies have shown greater immune
activity after prolonged situations of stress. In
this vein, an increase in the proliferative
response of mononuclear cells of the spleen
after a slight chronic stress [45], improvement
in mitogenic activity of splenic immunoglobulin
IgM plaque-forming cells when chronic stress
was applied before and after immunization with
sheep red blood cells [20] and the positive cor-
relation between the plasma corticosterone
levels after immunization and keyhole limpet
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hemocyanin, and the stimulation of splenic IgM
and 1gG2a in vivo [27] have been found.

In an agreement with what was proposed
before and with the analysis of the results of
this study, it is possible to conclude that chron-
ic stress can alter the normal morphology of
the spleen and subsequently its immune func-
tion. It is important to consider that the mor-
phological changes observed depended on the
animal’s history of stress, i.e., whether or not
they had been previously stressed, after a sec-
ond exposure to stress in adulthood. The mor-
phological changes observed are characterized
by alteration in the proportions of the red pulp
land white pulp and their subcompartments,
with a positive balance of the white pulp that
could be associated with an increase in the
immune activity of the spleen. Finally, the adap-
tation related to a regimen of repeated stress
should be considered. Therefore, the adapta-
tion of chronic stress applied in this model
seems dependent upon the spleen compart-
ments, since it specifically alters certain cell
populations.
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