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SUMMARY: Supplementation is a strategy to potentiate physical training through hypertrophy of skeletal muscles, but other
tissues such as the prostate may also be affected. Changes in prostate size and function are associated with the therthuads, diftin
evidence for an association with supplementation is scarce. Therefore, the aim of our study was to evaluate the effeaxypbb-hyd
methylbutyrate (HMB) supplementation and concurrent training on the prostate. Wistar rats were divided randomly into $owitroup
10 animals each: control group (C), supplemented group (S), training group (T), and supplemented plus training groupyp@keriéeted
groups (S and TS) received 76 mg-kg/day of HMB and the concurrent training groups (T and TS) performed exercise thregaekes per
for eight weeks. HMB increased body composition, total weight of the prostate, and altered the histology of prostatic casipérane
lateral prostate of animals in the supplemented group had an increase in mast cell$ (28.n3.9) compared to the control and
exercise group (6.1 3.0; 2.3+ 0.9) There was also an increase in inflammation in the stroma and lumen of the prostate, and increased
expression of androgen receptor (AR) in the supplemented and trained supplemented grat2.(7978.8+ 11.4) in relation to the
trained group (61.% 7.0). We concluded that HMB alters hormone receptors that induce morphological changes and inflammation, and
animals in the concurrent training group had normal inflammatory and hormonal profiles, and favorable prostatic histology.
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INTRODUCCION

Currently, supplementation strategies and resistance  Concurrent training is characterized by strength and
training have been widely used to increase strength aeddurance training in the same training session. Additionally,
muscle hypertrophf-hydroxyp-methylbutyrate (HMB) is concurrent training is necessary for sports whereby improved
a leucine metabolite synthesized in the liver and muscle cedisength, power, and/or hypertrophy are desired with
from a-ketoisocaproate (KIC), and HMB can be processe&thhanced aerobic capacity (Helgeredal, 2011).
in two ways: into cholesterol through HMG-CoA reductase,
or into acetyl-CoA through HMG-CoA synthase for power HMB supplementation and concurrent training has
supply (Pimentelet al, 2011). Studies from our laboratorybeen widely investigated as a therapeutic approach to redu-
demonstrated that eight-week HMB supplementatioce muscle mass loss related to age and to improve cancer-
associated with concurrent training was effective imduced cachexia through the reduction of proteolysis (Duvel
promoting skeletal muscle adaptations, such as increasgél, 2010). The molecular mechanisms are associated with
strength and cross-sectional size of muscle fibers (Teixesimulation of the mTOR/p70S6K pathway, promoting
et al, 2016). protein synthesis and decreasing catabolic hormones, such
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as cortisol (Pimenteét al). Studies have observed anin a single dose of 76 mg/kg/day. This dosage is equivalent
increase in pituitary Growth Hormone (GH) mRNA ando what is used in studies involving HMB supplementation
protein expression after one month of HMB supplementation humans (Gallagheet al, 2000), which corresponds to
(Gerlinger Romeroet al, 2011). A major concern of about 3-6 g/day of HMB for a subject weighing 80 kg.
nutritional supplementation in patients with cancer is the
theoretical risk of feeding the tumor, particularly wherConcurrent Training Program. At 81 days old, the animals
molecules that might have anabolic activity are used.  began adaptation to a water environment to reduce stress
from exercise. For groups assigned to concurrent training
Prostate cell growth and differentiation occur by{T and TS), the adaptation period lasted three weeks and
induction of androgens and their binding at the androgémcluded increasing swimming sessions
receptor (AR). However, other pathways may contribute
through insulin-like growth factor-1 (IGF-1), fibroblast The protocol started with aerobic training followed
growth factor (FGF), transforming growth factor betdy anaerobic training with no breaks between the different
(TGFb), and others (Powers & Marker, 2013). In the prostatieaining elements. The aerobic endurance training was
MTOR (activated by HMB) regulates cellular metabolisncomposed of a swimming session lasting 38 min conducted
by controlling glucose uptake, glycolysis, fatty acidn PVC cylindrical tanks. A vest was placed on the anterior
metabolism, and the pentose phosphate pathway (Mannttgest region of the animal with a constant overload,
& Cantley, 2007). In particular, mTORC1 promotes celaccording to the percentage of body weight of each animal,
proliferation and anabolic reactions. AR positively regulatess previously established by a lactate minimum test
MTOR signaling. Given the critical role of the PI3K-AKT-corresponding to 70 % of the anaerobic threshold. For
mTOR pathway in normal cell physiology, it is not surprisingtrength Training, the animals performed a series of jumps
that the pathway is deregulated in a vast array of cancarsa cylindrical PVC container (90 x 60 cm) with water at
Thus, hormonal changes and anaerobic protein increase 3@y 1 °C and a depth of 40 cm. The training program lasted
stimulate prostatic diseases associated with cell proliferatiaight consecutive weeks. The jumping sessions were
However, clarifications are required about the stimulatecbmposed of 4 sets of 10 jumps with 1-minute rest between
molecular pathways. sets. The overload used was constant, equivalent to 50 % of
the body weight of each animal fixed to the anterior chest
Therefore, the objective of our study was to evaluateith a vest shaped specifically for this type of jump (De
the effect of 8 weeks of HMB supplementation, concurremello Malheiro et al, 2009, Teixeiraet al, 2016).
physical training and the association of the two interventions
on androgen receptor expression and the morphological akerobic and anaerobic performancesAerobic and
inflammatory changes of the lateral prostate of Wistar ra@naerobic performances were measured by intensity timeout
(Tlim). To define these variables, we used a protocol
validated previously for humans , applied to rats (Voltarelli
et al, 2002), and refined (de Araujet al, 2007).
MATERIAL AND METHOD
Anthropometric, histological, and histochemical analysis.
Accommodation of animals.The present experimental During the experiment, measurements of body weight were
protocol was approved by the ethical committee of the FCTaken from the animals. Body weight was measured using
UNESP, campus Presidente Prudente, SP, Brazil (Protoaal electronic scale (Shimadzu BL3200H, with a precision
number 03/2011, Chairperson: Raul Antonio Fragoso Netaf 0.01 g).
After a period of environmental adaptation, 40 Wistar rats
used in the experiments were randomly divided into 4 groups: At 140 days old, the animals were sedated with
Control (C); Supplementation with HMB (S); Training grougketamine (50 mg/kg) and xilasin (10 mg/kg) to minimize
(T); Training + HMB supplementation (TS). At 140 daysain 48 h after the last training session and the lateral prostate
old, the animals were euthanized according to the Canadiaas collected. Stereology tissue volume was measured by
Council on Animal Experimentation. reticle 160 points of Weibel (Weibelt al, 1966) on animals
stained with H/E.
HMB Supplementation. Supplementation with HMB
(Trade Mark Arnold Nutrition Inc., Hollywood, FL) began For mast cell count per nipthe slides were stained
at the same time as concurrent training (at 81 days old). Twih toluidine blue. The counting was performed in the la-
animals in the HMB supplementation groups received dostsal prostate on four areas per cut with a magnification of
by gavage (30 min before the concurrent training protocof00x.
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Immunohistochemistry Samples of the lateral prostaRESULTS

obtained from the animals in each group were fixed in 10 %

formalin solution, embedded in paraffin and cut into 4-mm

thick sections. The technique used is described briefly by The supplementation group had significantly higher

Favaro & Cagnon (2006). The prostate marker studiedvalues of body weight gain, body mass index (BMI), total

the androgen receptor (AR) — N20 Santa Cruz antibody. weight of the prostate, and relative weight of the prostate
compared with the control and trained groups (Fig. 1A-C,

Statistical analysis Statistical analysis was performed usingespectively).

a two-way ANOVA and complemented with the Tukey test.

Variables with non-normal distribution were treated with The values of prostate stereology expressed in

non-parametric statistics using Kruskal-Wallis analysigercentage showed that the TS group had a significant

Statistical significance was set at 5 %. The statistical softicrease in epithelium size and reduced lumen compared

ware used was IBM SPSS Statistics version 22. GraphPaiih the C and T groups (Fig. 1F). The volume of epithelium

Instat version 4 and Sigma Plot version 11.0 were used famd stromal tissue was significantly lower in the T group

the graphics. compared with the S and TS groups. There was a significant

increase of lumen in the T and C groups

when compared to S and TS groups (Fig.

) ® =: | 1F). Fig. 2A-D shows that the microscopic

* * = ==/ morphology of the lateral prostate had a

. ] variety of small and medium acini, covered
" ' with a thick layer of connective tissue

" " (stroma), plus interstitial space.

® Morphological analysis of tissues from

“ 02 HMB supplementation showed increased
» inflammation in the stroma and the acinus,
° characterizing prostatitis (Figs. 2B and B1;
04

02

D and D1). The TS group had softened
* morphological changes of the lateral
(E)

o0 prostate reducing the amount of prostatitis
and had reduced epithelium. The location
of the mast cells was maintained in the
o fibromuscular stroma, near the epithelium.
HMB supplementation promoted an

increase in the number of mast cells per

Weight Gain (g)
BMI(g/cm?2)

Prostate Weight (g)
i

Relative weight of prostate (g/100g)

mn¥in group S (28.& 3.9, p=0.001) and
TS (21.7+ 3.6, p = 0.001) compared to
groups C (6.1 3.0, p=0.001) and T (2.3
+0.9, p=0.001). AR expression increased
in the S group (79.& 2.1) and and TS
groups (76.& 11.4, p = 0.036) compared
to T (61.5£ 7.0, p=0.012). AR expression
was lower in the T group.
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Fig. 1. (A) weight gain (g) after eight weeks of treatment. (B) body
Ee mass index (cAy of animals. (C) prostate weight (g) of animals.
(D) Relative weight of the prostate of the animals (in g/100g of
body weight). (E) Tlim values after application of protocols. (F)
Graphic representation of changes in prostatic compartments
(lumen, epithelium and stroma) of animals under supplementation
Lumen Epithelum _Stroma and concurrent training (Statistical difference between the
Figure 1 compartments). * = p <0.05.
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Fig. 2. Morphological distribution of the prostate undergoing staining in HE, Toluidine Blue Stain, and
Immunomarcation for AR. The images A, Al, E and | represent the group Co. The images B, B1, F and
Jreferto the S group. The images C, C1, g and K represent the T group and the images D, D1, H and L are
related to the T. The figure M represent the number of mast cells peamdnfrigure N represents the
marked cells of AR through immunohistochemistry. * = p <0.05 and ** = p<0,01. The first column
represents the general prostatic morphology through HE, images with an increase of 10x (Bar = 50 mm)
under the microscope and with a detail increased 40x (Bar = 20 mm). The second column (Mastocyte)
illustrates the number of mast cells per inamd the arrows indicate the location of the mast cells in the
stroma (Bar = 20 mm). The third column represents the immunomarcation for AR in the epithelial cell

nucleus, arrow head indicating unmarked nuclei for AR, and arrows indicating nuclei that are marked for
AR (Bar = 20 mm).
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DISCUSSION The mTORC induced by HMB links amino acids,
growth factors, and energy availability to prostate epithelial
cell growth, proliferation, motility, autophagy,

The aim of this study was to investigate the effect®orphogenesis, and tumorigenesis (Melrek al, 2012).

of HMB and to understand the possible changes in thiMB supplementation increased the number of mast cells

lateral prostate of normal rats performing concurremt the prostate, and increased stromal and acinar

training. The main findings of this study were: A)inflammation. PGE2-mediated chemotaxis and chemokine
supplementation of HMB for eight weeks modified weightelease from mast cells is regulated by mTORC activation,
gain, BMI, and absolute and relative prostate weight; Bnd this is reduced by pretreatment of cells with the active
the lateral prostate of rats supplemented with HMB haite mTOR inhibitor Torinl (Misra & Pizzo, 2013). Our

increased epithelium, acinus with chronic inflammatioresults showed changes in the prostatic epithelium and

(prostatitis), and high numbers of mast cells in the stromagreased acinar inflammation possibly activated by Akt/

C) HMB increased immunolabeling of the AR; D)mTOR signaling stimulated by AR.

Concurrent training had a favorable effect without

supplementation in the prostate. In other studies, from our group, concurrent training
associated with HMB supplementation had positive effects

Our data demonstrated that HMB supplementatioon body composition as well as on skeletal muscle fibers in
increased the expression of androgen receptors in ttaés. HMB prevented the loss of fat mass and increased the
prostate. The metabolic pathways in question may ligameter of the cross-sectional area of muscle fibers,
associated with endocrine changes in growth factors andntributing to a change in oxidative metabolism and
androgenic hormones. Studies have shown thglycolytic fibers (Teixeira et al, 2016). This mechanism
supplementation of HMB for 12 weeks increased bodspecifically increased the phosphorylation of the anabolic
weight and serum concentrations of testosterone and IGRAt/mTOR signaling pathway, and translation activation of

(Kraemer et al, 2009) and may be associated withthe initiation regulators p70S6k, 4E-BP1, and elF2B.

proliferative stimulation of prostate cells. However, a small effect was also observed on the AMPK/
PGC-1 pathway (Aydinet al, 2015). Although the results

The PI3K / Akt / mTOR pathway is a potentof HMB supplementation decrease proteolysis, and increase
stimulator of cell proliferation, and is linked with activationthe cross-sectional diameter of the muscle by systemic
of RA, suggesting that changes in this receptor stimulagémabolic pathways, the prostate is also susceptible to these
uncontrolled cell replication. (Wet al, 2010). The PI3K/ changes by the same stimulations, resulting in increased

AKT signaling proteins phosphorylate apoptotic regulatonsrostate and morphofunctional changes.

such as Forkhead box o (Foxo) and glycogen synthase kinase

3 (GSK3h), to inhibit apoptosis and autophagy in cancer Therefore, we conclude that HMB supplementation

cells (Karraschet al, 2011) together with AR also stimulatesincreases AR expression in the prostate, resulting in

GSKa / b by potentiating the molecular pathways involvethorphofunctional changes in the epithelium characterized by

in cell survival. In our findings, the endocrine and metabolicell accumulation. In addition, we observed an inflammatory

interactions also modulated the compartments of the prostaterease in the stroma and lumen of the prostatic acini,
especially by the expressive increase of the epithelium. Thesmfirmed after enlargement of mast cells in the supplemented
hypotheses confirm the idea that androgenic stimulati@moup. In contrast, physical exercise proved to be efficient for
increases cell proliferation, and consequently increases the normalization of the histology of the prostate, through the

size of the prostatic epithelium reduction of inflammatory foci and RA. Although HMB is a
strategy to prevent muscle mass loss, more attention is needed

It has been proposed that physical exercise is anthe amount and time of supplementation to avoid unwanted
important tool in reducing the development of severatteractions with other tissues.

cancers, mainly due to its pro-apoptotic role (Friedenreich

& Orenstein, 2002). Data from our group previously

revealed a relationship between increased apoptosis &EGKNOWLEDGMENTS
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