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Abstract Introduction Exercise is a key factor in immunity which may be affected by a dif-
ferent diet intake. Thus, we aimed to analyze the effects of diet intake and resistance
training on spleen structure of ovariectomized female animals.

Materials and Methods Female Wistar rats were divided into eight experimental
groups: sedentary and nonovariectomized animals plus vegetable protein diet (CVS)
or animal protein diet (CAS); trained and nonovariectomized rats plus vegetable pro-
tein diet (CVT) or animal protein diet (CT); sedentary and ovariectomized groups plus
vegetable protein diet (VOS) or animal protein diet (AOS); and trained and ovariecto-
mized animals plus vegetable protein diet (VOT) or animal protein diet (AOT).

Results Groups submitted to both animal protein diet and resistance training, mainly
ovariectomized groups, presented a great variability of collagen fibers type IIl, white

Keywords pulp, and follicle structure in relation to the other spleen constituents.
= aging Conclusion Resistance training with a vegetable protein diet may play a key factor
= diet to maintain spleen’s immune responses across age. However, animal protein diet is
= exercise suggested to decrease spleen’s immune activity.

Introduction key therapy to maintain lean body mass, which declines with

aging and hormone dysfunction.'®

Exercise is also known to provide positive immune
changes, especially in the spleen.'"'? The spleen is the larg-
est secondary immune organ in the body, which contains a
reserve of red cells, leucocytes, and platelets.!* Additionally,
there are two main types of tissue in spleen anatomy: a red
pulp, which is vascular, and has the large, thin-walled sinuses,
which are red due to the large number of erythrocytes, and

Menopause is accompanied with homeostatic imbalance in
women'’s health.! Postmenopausal women may have a high
risk of osteoporosis®?® and cardiac disfunctions.*> However,
exercise is an effective therapy to maintain physiological
balance in postmenopausal women, preventing a range of
pathologies (e.g., osteoporosis, hypertension, high glyce-
mia).5° Additionally, resistance training, along with diet, is a
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a white pulp that contains lymphoid aggregations, mostly
lymphocytes, and macrophages which are arranged around
the arteries.’* Although, active contraction of the spleen can
contribute a substantial addition to total blood volume and
mobilization of immune cells during exercise,'? there is still
a lack of studies on the effects of aging on spleen structure
with or without an exercise routine, along with animal or
vegetable protein diet.

Thus, we aimed to analyze the effects of ovariectomy and
resistance training on spleen structure of animals submitted
to different diet protocols.

Materials and Methods

The Institutional Animal Care and Use Committee of the
university approved the experimental protocol (protocol
A-00610/2010) and all procedures were in accordance with
the guiding principles of the National Institute of Health
Guide for the Care and Use of Laboratory Animals. A total of
64 female Wistar rats (Rattus norvegicus, 21 days of life) were
used from the Animal Center of the Sdo Judas Tadeu University,
Sdo Paulo, Brazil. During experimentation, animals were
housed in boxes of polypropylene and kept under controlled
environmental conditions with access to water and standard
chow exclusively from vegetable sources (NUVILAB CR1, pro-
duced by NUVITAL Nutrientes Ltda, Curitiba, Parana ).

Animals were divided into eight groups (n = 8/per group):
sedentary and nonovariectomized animals plus vegetable
protein diet (CVS) or animal protein diet (CAS); trained and
nonovariectomized rats plus vegetable protein diet (CVT)
or animal protein diet (CT); sedentary and ovariectomized
groups plus vegetable protein diet (VOS) or animal protein
diet (AOS); and trained and ovariectomized animals plus veg-
etable protein diet (VOT) or animal protein diet (AOT).

Experimental Procedures

Resistance training (RT) started at 14 months of age using a
vertical ladder.'*"” In the RT protocol for the selected groups
(CVT, VOT, CT, AOT), the initial load was established as 75%
of the body weight of each animal (three sessions per week
on alternate days for 12 weeks). Each week, animals were
weighed for correcting the initial load. Additionally, at
14 months of age, we initiated a diet protocol until eutha-
nasia. Those animals selected for the vegetable diet groups
(CVS, CVT, VOS, and VOT) maintained the standard chow
from NUVITAL. However, the groups submitted to animal
protein diet had been fed with a chow specially formulated
for this study by the Rhoster Laboratory (Rhosterlab, Rhoster
Ltda, Aracoiaba da Serra, Sau Paulo, Brazil), as previously
described.'51”

At the end of the experimental protocols, all animals
were anesthetized with an intraperitoneal injection of thio-
pental (40 mg/kg body weight, Sigma, St. Louis, MO, United
States). Spleen samples were removed and fragments were
fixed in 10% buffered formalin. Thus, material was dehy-
drated in increasing series of alcohols, diaphanized in xylene,
embedded in paraffin, sectioned in nonserial slices of 6 um,
and stained with hematoxylin and eosin (HE) for structure

analysis and picrosirius red for collagen quantification at
light microscopy, with a polarized filter to distinguish the
collagen fibers.

Forty photomicrographs were acquired per animal (i.e., 20
images per technique) with a light microscope (Zeiss, x100
magnifications). The analysis of densities of both red pulp
and white pulp, as well as, blood vessels, trabeculae, capsule,
follicles, and collagen fibers, were performed by stereol-
ogy, with a test system of 252 points, using Image] software
(National Institutes of Health, United States).'® The follicle
area (um?) and mean diameter (um) analysis were performed
using the outline tool from Axio Vision software (Carl Zeiss
Microscopy, LLC, New York, United States).

Statistical Analysis

Data are presented as mean and standard deviation (mean
+ SD). We performed one-way analysis of variance (ANOVA)
(post hoc Newman-Keuls) for data comparison between
groups, with statistical differences set at p < 0.05. For data
management, GraphPad Prism 5.0 software (GraphPad Prism
Inc., San Diego, California), was used.

Results

Our results showed an increase of body weight in ovariecto-
mized animals (=Table 1). However, no significant variation
in both spleen weight and spleen/body weight were observed
between groups.

We observed, see =Table 1, a significant decrease
(p < 0.05) of the red pulp with both exercise and menopause
when compared with CVS. On the other hand, menopause
and resistance exercises in vegetable protein diet signifi-
cantly increased (p < 0.05) the white pulp when compared
with CVS. However, the animal protein diet groups submit-
ted to both resistance training and estrogen deprivation were
significantly decreased (p < 0.05) when compared with the
other groups. Additionally, sedentary ovariectomized ani-
mals submitted to animal protein diet slightly decreased
(p < 0.05) spleen trabeculae when compared with CVS, CVT,
and VOT. Regarding spleen capsule, we observed a slight
decrease (p < 0.05) in AOS when compared with VOS group.
However, blood vessels did not significantly change between
the groups. We observed an increase (p < 0.05) in AOT folli-
cle density, area (um?), and diameter (um) when compared
with groups submitted to resistance training (=Table 2).
Representative images are shown in =Fig. 1.

Finally, collagenanalysis showed agreatvariation(p<0.05)
in both type I and type III collagen fibers in red pulp,
white pulp, and spleen capsule from the animal protein
diet groups when compared with vegetable protein diet
groups (~Fig. 2).

Discussion

Our results demonstrated that both menopause and RT alter
spleen structure depending on the diet intake. Venkatraman
and Fernandes® showed a decrease in immune reactiv-
ity with increasing age which may reflect multiple events
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Table 1 Weight (body, spleen, spleen/body weight) and stereological analysis (red pulp, white pulp, blood vessels, trabeculae,

capsule, and follicle) between the groups

Variables Groups
s | ovr |vos | vor CAS Ksi AOS AOT
Weight
Body weight | 274.5+ 260.0 = 300.8 = 361.0% 264.5 256.3 353.6 334.4 £ 46.40
(9) 19.16 33.17 53.05 76.84% 19.26¢ 34.004 48.620f
Spleen 0.82 0,71 % 0,71 % 0,91+ 0.75 % 0.64 0.76 £0.06 0.73+0.10
weight (g) | 0.12 0.07 0.11 0.16 0.14 0.11
Spleen/body | 0.30+ 0.27 £ 0.24 + 0.26 + 0.28 + 0.24 + 0.22+0.03 0.22+£0.05
weight (%) | 0.05 0.04 0.04 0.07 0.04 0.02
Stereology
Red pulp (%) | 70.60+ | 48.91+ 3714+ | 46.09+ 51.48 57.56 + 58.63 + 56.02 + 10.12%
11.93 8.94° 6.00% 14.93° 11.47% 6.80% 13.80¢
White pulp 24.74 £ 46.93 + 58.52 49.61 38.78 £ 33.62 % 19.00 = 18.60 + 15.33bcdef
(%) 10.57 10.46° 9.55° 14.03° 12.02¢ 6.97b< 14,79bcdef
Blood vessels | 1.64 + 137+ 1.93 % 1.55+ 0.25+ 0.01 £ 0.01 £0.00 1.25+3.22
(%) 1.15 2.34 4.24 2.96 0.86 0.00
Trabeculae 248 + 1.80 £ 1.06 = 1.64 £ 1.46 £ 0.90 + 0.08 £0.30°¢ | 1.12+1.30
(%) 1.74 1.76 1.19 1.80 133 0.88
Capsule (%) 0.05+ 0.06 + 0.03 0.48 + 0.38 1.06 + 1.09 £ 1.49¢ 0.65+0.97
0.12 0.16 0.10 0.73 0.94 1.44
Follicle (%) 0.54 = 093+ 1.26 + 1.08 £ 5.89 5.29 20.49 = 21.99 # 15,092bcdef
0.51 0.60 0.93 1.76 3.47 2.71 10.772bcdef

Abbreviations: CVS, sedentary and nonovariectomized animals plus vegetable protein diet; CAS, sedentary and nonovariectomized animals plus
animal protein diet; CVT, trained and nonovariectomized rats plus vegetable protein diet; CT, trained and nonovariectomized rats plus animal protein
diet; VOS, sedentary and ovariectomized groups plus vegetable protein diet; AOS, sedentary and ovariectomized groups plus animal protein diet;
VOT, trained and ovariectomized animals plus vegetable protein diet; AOT, trained and ovariectomized animals plus animal protein diet.

Values are expressed as mean + standard deviation (SD).
?p < 0.05 versus CVS.

®p < 0.05 versus CVT.

‘p <0.05 versus VOS.

d4p < 0.05 versus VOT.

p < 0.05 versus CAS.

fp < 0.05 versus CT.

9p < 0.05 versus AOS.

Table 2 Area (um?) and diameter (um) of follicle between the groups

Variables Groups
CVS CVT VoS VOT CAS CT AOS AOT
Follicle area 275,900+ | 255,600+ | 340,600+ | 229,200+ | 247,900+ | 188,700 317,900+ | 375,200 +
(um?) 198,000 193,900 197,300 147,200 175,300 147,700¢ 256,700f 322,4000
Follicle diam- | 644.40 + 588.30 + 680.20 = 562.40 £ 616.10 £ 509.90 £ 648.10 = 753.80 + 349.70f
eter (um) 307.20 224.90 227.40 224.20 268.10 216.70¢ 309.00

Abbreviations: CVS, sedentary and nonovariectomized animals plus vegetable protein diet; CAS, sedentary and nonovariectomized animals plus animal
protein diet; CVT, trained and nonovariectomized rats plus vegetable protein diet; CT, trained and nonovariectomized rats plus animal protein diet;
VOS, sedentary and ovariectomized groups plus vegetable protein diet; AOS, sedentary and ovariectomized groups plus animal protein diet; VOT,
trained and ovariectomized animals plus vegetable protein diet; AOT, trained and ovariectomized animals plus animal protein diet.

Values are expressed as mean # standard deviation (SD).
2p < 0.05 versus CVS.

bp < 0.05 versus CVT.

p <0.05 versus VOS.

d4p < 0.05 versus VOT.

p < 0.05 versus CAS.

fp <0.05 versus CT.

9p < 0.05 versus AOS.

affecting cell proliferation and differentiation, leading to a
reduction in cell number and function within one or more
cell populations. On the other hand, it has been shown that
exercise training can increase macrophage activity in mice

of different ages.'®** However, not all functions are enhanced
by exercise, which brings up the possibility that exercise, and
perhaps other stressors, activate macrophages for effector
functions while downregulating accessory cell functions.
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Picrosirius

Fig. 1 Representative images between the groups with picrosirius
red (under polarized filter) and hematoxylin and eosin (HE) staining
techniques. Red arrow: collagen fiber type I. Green arrow: colla-
gen fiber type Ill. Blue arrow: capsule. Yellow arrow: blood vessel.
Abbreviations: RP, red pulp; WP, white pulp. Scale bar = 50 ym.

However, these mechanisms may depend on
exercise-induced changes associated with diet intake in
neuroendocrine factors which modulate the splenic micro-
anatomy (e.g., follicle) by a process that involves the hypo-
thalamic-pituitary-adrenal axis.?®?' Thus, Venkatraman and
Fernandes® suggested that moderate exercise should help to
reverse the adverse effects of aging upon the immune system
by increasing the production of endocrine hormones which
may contribute to less accumulation of autoreactive immune
cells by enhancing the programmed cell death. In addition,
Vider and colleagues? highlighted the relation between
exhaustive exercise, oxidative stress, the protective capac-
ity of the antioxidant defense system and cellular immune.
After a short-term bout of exhaustive exercise, immune sys-
tem was characterized by acute phase response, which was
accompanied with oxidative stress and a suppression of the
cellular immunity 30 minutes after exercise.

We observed that diet intake may be a critical factor in
immunological homeostasis. Interestingly, previous stud-
ies reported that an exercise routine accompanied with
dietary intake may modulate the immune response in
which a low-fat high-carbohydrate diet accompanied with
vigorous exercise increases inflammatory and decreases
anti-inflammatory immune factors, depresses antioxidants,
and negatively affects blood lipoprotein ratios.” On the other
hand, an experimental study with mice demonstrated that
both aerobic exercise and caloric restriction were able to
counterbalance the deleterious effects induced by a high-fat
diet.?° Our study highlight that the spleen structure changes
in mainly sedentary or trained animals submitted to animal
protein based diet associated with estrogen deprivation.

Although it is known that there is collagen fiber deposi-
tion in the spleen with age,?* there is still unclear evidences
about the effects of diet intake in ovariectomized animals
submitted to RT. Our results demonstrated that both RT and
diet intake, mainly animal protein-based, affect most the
type III collagen fibers which may decrease spleen compli-
ance, limiting its expansion and leading to a gradual reduc-
tion in splenic size and blood flow.?*

However, our results should be examined considering the
study limitations. We did not analyze the complete blood
count (hematocrit, hemoglobin, platelets, red and white
blood cells). Additionally, molecular techniques could poten-
tially identify the mechanisms related to RT and each diet in
the immunological system. Although our study has limita-
tions, it also has some advantages. We analyzed the spleen
structure using standardized techniques for quantitative
evaluation.'®'” Additionally, our research protocols (RT and
diet intake) were in accordance with previous described for
ovariectomized animals.'6"”

Conclusion

In summary, RT associated with diet intake may play a key
factor to maintain spleen’s immune responses across age.
Our results showed that vegetable protein-based diet associ-
ated with RT may modulate spleen structure maintaining the
immunological homeostasis. On the other hand, we suggest
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Fig. 2 Quantitative analysis of collagen fibers type | (A, C, E) and type Il (B, D, F) in red pulp (A, B), white pulp (C, D), and spleen capsule
(E, F). ®p < 0.05 versus CVS; °p < 0.05 versus CVT; p < 0.05 versus VOS; ¢p < 0.05 versus VOT; ¢p < 0.05 versus CAS; fp < 0.05 versus CT; 9p <

0.05 versus AOS.

that animal protein diet may decrease the immune response
in ovariectomized animals despite an exercise routine.
However, the design of our study was directed toward a mor-
phological analysis of the spleen, which limited us in terms
of biochemical and molecular analyzes. Thus, further studies
are needed to corroborate our findings through physiological
and molecular techniques regarding immune response.
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