ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/258958507

The study of effect of resistance training on plasma SIP level and gene
expression of S1P1,2,3 receptors in male Wistar rat
Article /n Minerva endocrinologica - December 2013

CITATIONS READS

4 82

6 authors, including:

Ebrahim Banitalebi Reza Gharakhanlou
Tarbiat Modares University Tarbiat Modares University
15 PUBLICATIONS 20 CITATIONS 61 PUBLICATIONS 341 CITATIONS
SEE PROFILE SEE PROFILE
Abdolhossein Parnow Mahsa M Amoli
- Razi University Tehran University of Medical Sciences
15 PUBLICATIONS 15 CITATIONS 150 PUBLICATIONS 1,670 CITATIONS
SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project CTLA-4 View project

Project resistance exercise training and astrocytic receptors changing View project

All content following this page was uploaded by Abdolhossein Parnow on 03 June 2016.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/258958507_The_study_of_effect_of_resistance_training_on_plasma_SIP_level_and_gene_expression_of_S1P123_receptors_in_male_Wistar_rat?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/258958507_The_study_of_effect_of_resistance_training_on_plasma_SIP_level_and_gene_expression_of_S1P123_receptors_in_male_Wistar_rat?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/CTLA-4?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/resistance-exercise-training-and-astrocytic-receptors-changing?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ebrahim_Banitalebi2?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ebrahim_Banitalebi2?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Tarbiat_Modares_University?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ebrahim_Banitalebi2?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Reza_Gharakhanlou?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Reza_Gharakhanlou?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Tarbiat_Modares_University?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Reza_Gharakhanlou?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Abdolhossein_Parnow?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Abdolhossein_Parnow?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Razi_University?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Abdolhossein_Parnow?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mahsa_Amoli?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mahsa_Amoli?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Tehran_University_of_Medical_Sciences?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mahsa_Amoli?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Abdolhossein_Parnow?enrichId=rgreq-a1e193300d8dd66e97c3cf99ea571ada-XXX&enrichSource=Y292ZXJQYWdlOzI1ODk1ODUwNztBUzozNjkwMjYzODQ1ODA2MDhAMTQ2NDk5NDE1NDI4Ng%3D%3D&el=1_x_10&_esc=publicationCoverPdf

permitted. The production of reprints for personal or commercial use is
mitted to frame or use framing techniques to enclose ary trademark, logo,

permitied for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies

ny purpose. It is not parmitted o distribute the electronic copy of the article through online internet and/er intranet file sharing systems, electronic malling or any cther

block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not per

means which may allow access to the Article. The use of all or any parl of the Articls for any Commercial Use is not parmitted, The creation of derivative works from the Article Is not

not permitied, it is not permitted to remove, cover, overlay, obscure,

This document is protected by intemational copyright laws. No additional reproduction is authorized. It is
or other propristary information of the Publisher.

(either sporadically or systematically, either printed or electronic) of the Article for a

MINERVA ENDOCRINOL 2013;38:395-400

The study of effect of resistance training
on plasma S1P level and gene expression
of S1P1,2,3 receptors in male Wistar rat

E. BANITALEBI !, R. GHARAKHANLOU !, K. GHATREHSAMANI 2
A. H. PARNOW 3, H. TEIMORI 4, M. MOHAMMAD AMOLI 5

Aim. The purpose of present study was to
study the effect of 8 weeks resistance train-
ing on plasma Sphingosine-1-phosphate
(81P) level and gene expression of S1P recep-
tors in skeletal muscles of male Wistar rat.
Methods. In this study 24 (8 week-old) male
Wistar rats (190-250 gr) were divided ran-
domly to a control (N.=12) and a training
(N.=12) group. Resistance ladder was 1 me-
ter height with 2 cm grid ladder. The content
of plasma $1P and relative mRNA expression
of S1P receptors were determined by high
pressure liquid chromatography (HPLC) and
Real-time PCR, respectively.

Results. Resistance training increased the con-
tent of plasma S1P of exercised group com-
pared to control group (P=0.001). Further-
more, Resistance exercise training increased
the gene expression of S1P1 (P=0.001), S1P2
(P=0.000) and S1P3 receptors (P=0.021) in
exercised flexor hallucis longus (FHL) com-
pared to control group. In soleus (SOL) mus-
cle, resistance training increased the gene ex-
pression of §1P1 (P=0.000), S1P2 (P=0.603)
and S1P3 receptors (P=0.009).

Conclusion. The key conclusion is that re-
sistance training strongly caused to increase
in plasma S1P content and its receptors in
skeletal muscles of rat that might indicate
to the involvement of S1P signalling in the
molecular events controlling adaptations of
resistance trained muscles which needs to be
elucidated in future studies.

Key worps: Resistance training - Receptors, lyso-
sphingolipid - Muscle, skeletal.
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keletal muscles have the capacity to

adapt to altered functional requirements.
S1P is a platelet-derived sphingolipid ! that
is abundant in plasma,? but recent studies
have suggested that red blood cells (RBCs)
and other hematopoietic cells are major
cellular sources of plasma S1P. It has been
shown that the amount of SIP secreted
into blood flow increases by platelet acti-
vation.? Following stimulation of cells with
a variety of growth factors (platelet-derived
growth factor (PDGF), epidermal growth
factor (EGF), Hepatic growth factor (HGF),
insulin-like growth factor-1 (IGF-I) and cy-
tokines, SK1 (the enzyme that phosphor-
ylates sphingosine to produce S1P) is acti-
vated and translocated from the cytoplasm
to the plasma membrane where it appears
to be the major source of S1P secreted from
cells under these conditions.+$

Early in 1992, Igarashi’s group suggested
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that S1P could act as an extracellular me-
diator through putative transmembrane G
protein~coupled receptors named as S1P1
(EDG-1), S1P2 (EDG-5), S1P3 (EDG-3),
S1P4 (EDG-6), and S1P5 (EDG-8) % 1 which
have been identified in mammals. SIP re-
ceptors couple to different heterotrimeric G
proteins including G, 1,43 1! and activate
phospholipase C (PLC), Ca?+, extracellu-
lar signal-regulated kinases 1/2 (ERK1/2),
mitogen-activated protein kinase (MAPK),
adenylate cyclase (AC), phosphoinositide
3-kinase (PI3K), small GTPases Rac and
Rho, protein kinases Akt, c-Jun N-terminal
kinase (JNK), phospholipase D (PLD) and
other downstream mediators.1'13 North-
ern blot analysis suggests the presence of
51P1, §1P2, and S1P3 receptors in rat soleus
skeletal muscle, with S1P1 expressed at the
highest level.14

S1P has some physiological actions on
skeletal muscles and other tissues. Recently
it was demonstrated that exogenous SIP
exerts a protective action during muscle fa-
tigue.!% 15 SK1 overexpressing cells not only
have higher growth rates but are also pro-
tected from apoptosis.’é S1P has an impor-

tant role in muscular regeneration through

regulation of satellite stem cells.t 5 Nota-
bly, the activity of SK1 and the levels of
endogenous S1P were significantly higher
in the injured fibers and associated satel-
lite cells, stressing the relevance of SK1/
S1P axis in skeletal muscle protection and
repair.'7 In vivo infusion of the denervated
muscles with either S1P or sphingosine has
increased the expression level of the two
myogenic transcription factors myoD and
myogenin.!* Furthermore, Danieli-Betto et
al. (2010) showed that exogenous addition
of S1P stimulated the growth of regenerat-
ing myofibers. These modifications clearly
suggest the involvement of S1P signaling
in the molecular events controlling the
early stages of muscle regrowth of injured
muscles. This study indicates the SIP as
a novel myogenic factor and the involve-
ment of sphingolipid pathways in muscle
growth.!8 S1P acts as strong inducer of the
proliferation and myogenic differentiation
programs. !9
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Danieli-Betto ef al. (2005) have shown
that acute prolonged exercise increases
the content of S1P in the soleus and the
red gastrocnemius skeletal muscle fibers.1s
Btachnio-Zabielska er al. (2008) illustrated
that in the soleus there were no changes in
the content of S1P until 90th min of running
and at the point of exhaustion it was two
folds higher than in the sedentary animals.20
To the best of our knowledge, the adap-
tations of plasma S1P and its receptors to
prolonged resistance exercise training have
not been investigated yet, thus the aim of
present research was to study the effect of
resistance training on plasma S1P level and
gene expression of S1P, ;5 receptors in fast
and slow twitch skeletal muscles of male
Wistar rat. ' '

Materials and methods

Anima‘ls.

The investigation was approved by the
Ethical Committee for Animal Experiments
at Tarbiat Modares University of Iran. In this
study 24 eight-week-old male Wistar rats
(190-250 g) were obtained from a licensed

“laboratory animal vender (Pasture institute,

Tehran, Iran). All animals were maintained

. in pairs in an environmentally controlled

room at 22 °C under a fixed 12:12-h pho-
toperiod cycle and allowed normal cage
activity. The animals were fed standard rat
chow and water was available. After a week
of acclimation to the animal facility, the rats
were assigned randomly to control group
(N.=12) and training group (N.=12). The
control group rats remained in their cages
for the duration of the experiment. Body
mass measurements of both groups were
monitored weekly and served as a general
indicator of the health of the animals.

Expreimental protocol

Resistance ladder was 1 meter height with
2 cm grid ladder with an 85 degree incline.
After one week familiarizing with resistance
exercise training, exercise started by using
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weights (made from lead fishing sinkers)
that were attached to the upper portion of
base of rat’s tail (1~2 c¢m from the proximal
end) with adhesion. The second week be-
gan with a load equal to 50% of their indi-
vidual body mass and was measured and
attached to their tails. The load was then
increased by 200% of their body mass at
the end of 8th week. A successful repetition
was when that the animal climbed from the
bottom of the rack to the top, within 8 sec-
onds. The rats were placed at the bottom
of the ladder and motivated to climb the
ladder. The only encouragement necessary
during the training period was an occasion-
al hand prod at the base of the animal’s tail.
We did not use food reward and unnatural
incentives such as cold water, forced air or
electrical stimulation. The number of climbs
(repetitions) performed was 20 repetitions/
session. When a rat reached the top of lad-
der it was placed at the base of the ladder
to perform another repetition. After finish-
ing one set (5 repetitions) it was permitted
to rest for 2 minutes. The rats performed
each set of 5 repetitions with 158 between
each repetition. The rats trained 3 days/
week (Saturday, Monday, and Wednescay)
for 8 weeks. The rats performed a warm-up
consisting of two sets of five un-weighted

repetitions, with a 3 minutes rest between

sets. Al the end of each session, the rats
completed a cool-down consisting of five
un-weighted repetitions with 3 minutes rest
between sets.

Surgical procedures

All surgical procedures were performed
in a single session. Rats were anesthetized
by an intraperitoneal injection of Ketamine
(75 mg/kg) and Xylazine (20 mg/kg) after
the 8 weeks of resistance training and 48
h after the last exercise bout to avoid the
acute effects of training. The flexor hallu-
cis longus (FHL) as fast-twitch muscle and
soleus (SOL) as a slow twitch muscle were
removed. The muscles were cleaned of any
visible adipose tissue, nerves and fascias.
The blood samples were centrifuged for 15
min at 4°C and 8000 g to remove the blood

Yol 38 - No, 4
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cells. Plasma and muscles were frozen in
liquid nitrogen and stored in -80 °C for later
analysis.

Measurement of content of S1P

S1P and C17-81P (a 17 carbon analog
of SIP as internal standard) were pur-
chased from Avanti Polar Lipids (Alabaster,
AL). O-phthalaldehyde (OPA) (suitable for
HPLC fluorimetric detection) and Alkaline
Phosphatase obtained from Sigma-Aldrich.
Other solutions such  ethanol, Metha-
nol, HPLC-grade water, acetonitrile and
B-Mercaptoethanol/2-Mercaptoethanol
(ZME) were purchased from Merck (Hohm-
burg, Germany). Lipid standards were dis-
solved in methanol and were stored at -20
(JC‘ % = 8

The content of S1P present in the chlo-
roform layer was determined by means

of high pressure liquid chromatography

(HPLC) with fluorescent detection system.
According to Min et al. (2002) C17-S1P
as an internal standard was added to the
samples before homogenization and ultra-
sonication in lce-cooled. Sphingoid bases
were converted to their o-phthalaldehyde
derivatives and analyzed on a HPLC system
(ProStar, Varian, Inc.), equipped with a flu-
orescence detector and C18 reversed-phase
column (Aligent 1200 series NanoLC). The
isocratic eluent composition of acetonitrile:
water (9:1 v/v) and a flow rate of 1 ml/min
were used. 2

Gente expression

Total cellular RNA was isolated by ho-
mogenizing ~50 mg FHL and soleus muscles
by hestle. Tissues were ground into liquid
nitrogen and frozen powder was incubated
in 1ml Trizol reagent. RNA was quantified
spectrophotometrically at a wavelength of
260 nm, 280nm. RNA integrity was assessed
by RNA agarose gel electrophoresis fol-
lowed by visualization of the 185 and 288
ribosomal RNA bands under U.V light. The
RNA samples were stored at -80°C until later
analysis. 2ug of total RNA was reverse tran-
scribed to synthesize ¢DNA using a Kit (Fer-
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Figure 1.—Effect of 8 weeks of exercise training on plas-
ma S51P content (A), gene expression of S1P1.2.3 recep-
tors in FHL muscle (B), and gene expression of $1P1,2,3
receptors in SOL muscle (C). Values are means + S
(N.=12 in each group). ’

C S1P1 S1P2

mentase). Determination of relative mRNA
expression was performed by real-time
RT-PCR using a Real-Time PCR Detection
System (Applied Biosystems StepOnePlus™
Real-Time PCR System [48 well]). The for-
ward (F) and reverse (R) primer sequences
for 1858, S1P1, S1P2, S1P3 were the follow-
ing: ;

185 -F: GTTGGTTTTCGGAACTGAGGC,
R: GTCGGCATCGTTTATGGTCG (204bp),
SIP1 (NM-017301) - F: TCATCGTCCG-
GCATTACAACTA, R: GAGTGAGCTTGTAG-
GTGGTG (273bp), S1P2 (NM-017192)-F:
CGGAGGCACTGACTAATCAGATT, R: TC-
CCAGCACTCAGGACACAGTTA (278pb),
S1P3  (XM-225216)-F:  ACGCGCGCATC-
TACTTCCT, R: TGGATCTCTCGGAGTIGT-
GGTT (69bp).

The total volume of the reaction tube was
20 pl; 10 pL SYBR Green Master Mix (prim-
er Design, UK), 1.4 pl forward and reverses
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primers, 5 pL nuclease-free water and 3.6
pL ¢DNA template. The amplification pro-
file involved a denaturation step at 95 °C
for 15 s, primer annealing at 60 °C for 15 s
and 30 s at 72 °C with 40 cydles, and exten-
sion at 72 °C for 60 s. To help control for
differences in amplification efficiency dur-
ing thermocycling, all PCR reactions were
prepared from the same stock solution. All
samples were run in duplicate. Relative fold
changes in mRNA were determined by the
delta-delta cycle threshold method after
normalizing to the internal control gene;
18s was used as a control to normalize the
mRNA content of the target genes in each
sample; 18s mRNA expression was similar
for all tissues, treatment groups, and time
points in this study (data not shown).

Statistical analysis

The data was analyzed statistically using
the parametric independent t-test. p<0.05
was considered significant. The results are
presented as means + standard deviation.

Results

There was no significant difference
in pre-training rat body weights in ex-
ercise and control, 223.25%11.95 gr and
224.41%15.77 gr, tespectively (P=0.840).
Furthermore, there wans not significant
difference in post-training weights in ex-
ercise and control, 285.83+18.50 gr and
280.58+16.20 gr, respectively (P=0.467).
Resistance exercise training increased the
total content of S1P in plasma (P=0.001) in
comparison to control group (Figure 1A).
Figure 1B shows that resistance training
increases gene expression of SI1P1 recep-
tor (P=0.001), S1P2 receptor (P=0.000) and
S1P3 receptor (P=0.021) in exercise group
compared to control group in FHL muscle,
Furthermore, regarding the SOL muscle, re-
sistance training increased gene expression
of S1P1 receptor (P=0.000), S1P2 receptor
(P=0.603) and S1P3 receptor (P=0.009) in
exercise group compared to control group
in SOL muscle (Figure 1C).
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Discussion

The study demonstrated for the first time
that S1P content increased in plasma and
gene expression of S1P;,, receptors is
changed in fast (FHL) and slow (SOL) twitch
skeletal muscles after 8 weeks resistance
training in male Wistar rat. The results ob-
tained clearly show that resistance exercise
training markedly affects the S1P plasma lev-
els in rats.3 It is evidence-based that physi-
cal exercise alters platelet count and platelet
functionality 22 through increased plasma
levels of norepinephrine and epinephrine,
altered response of platelet o,-adrenergic
receptors, and impaired sensitivity of plate-
lets to nitric oxide.? Significant increases
were shown in adjusted platelet count and
plateletcrit in response to resistance exer-
cise.# The studies could be interpreted as
indicating that elevated IGF and cytokines
levels may be a reason of SK1 activation ancl
S1P production.”. 25 In another study, Formi-
gli et al. (2010) illustrate that activity of SK1
and the levels of endogenous S1P were sig-
nificantly higher in the injured fibers and as-
sociated satellite cells. Together, these find-

ings are in favor for a role of S1P in skeletal

muscle healing and regeneration.!” S1P pro-

duced intracellularly may liberate at sites of

tissue injury and stimulate cellular repair re-
sponses 18 However, no data in the literature
are available regarding S1P and resistance
training to be compared with these results.
But we have compared these results with
few studies in which acute and prolonged
endurance exercises have been used. It has
been shown that the increase the content of
S1P in the soleus and the red gastrocnemius
skeletal muscle fibers.20 In a recent study,
Bltachnio-Zabielska e al. (2011) showed
that the content of S1P did not change in
muscles after five weeks of treadmill en-
durance training.? But, in this study we
showed that following 8 weeks resistance
training S1P plasma levels of rats increased.
In another study, Baranowski and colleague
(2011) illustrated that a single bout of en-
durance training enhanced production and
release of S1P by erythrocytes.?” that it was
similar to present study.

Vol. 38 - No., 4

BANITALEBL

Zanin et al. (2008) have illustrated that
the gene expression of S1P, ; receptors sig-
nificantly diminishes during denervation in
rat soleus muscle.'* As denervation caused
to inactivity and this led to decrease in gene
expression of S1P receptors, it might be the
case that resistance training which activated
the muscles has increased gene expression
of these receptors, too. It seems that these
findings are in same line with results of
present study as one may speculate that S1P
might be involved in the process of skeletal
muscle adaptation to resistance training.

Conclusions

It is concluded that resistance training
strongly affects the synthesis of systemic
S1P and gene expression of SIP receptors
in skeletal muscles which might be indica-
tive to the involvement of S1P signaling in
the molecular events controlling adapta-
tions of resistance trained muscles, In this
study, growth factors, cytokines, plateletes
and red blood cells were not measured. Fu-
ture studies should elucidate the effects of
all types of exercise training of S1P signal-
ling in human and animal groups.

Riassunto

Effetto dell allenamento della resistenza sul livello di
SiP p!mmaﬂ'ca e sull'espressione genica dei recettori
S1P1, 2, 3 in ratti Wistar di sesso maschile

Obiettivo. Obiettivo del presente studio & stato
quello di esaminare effetto di 8 settimane di alle-
namento della resistenza sul livello plasmatico della
sfingosina 1-fosfato (31P) e sull’espressione genica
dei recettori della S1P nei muscoli scheletrici di ratti
Wistar di sesso maschile.

Metodi, Nel presente studio, 24 ratti Wistar di ses-
so maschile (190-250 grammi, 8 settimane di vita)
sono stati assegnati in maniera casuale a un gruppo
di controllo (N.=12) e a un gruppo sottoposto ad
allenamento della resistenza (N.=12). 1a scala della
resistenza misurava 1 metro di altezza con una gri-
glia di 2 em. 1 contenuto di S1P plasmatica e la re-
lativa espressione dell'mRNA dei recettori $1P sono
stati determinati rispettivamente mediante cromato-
grafia liquida ad alta pressione (bigh pressure liguid
chromatography, HPLCY e PCR in tempo reale.

Risultati. L'allenamento della resistenza ha au-

MINERVA ENDOCRINOLOGICA 300

Material may be protected by copyright law (Title 17, U.S. Code)




This document is protected by intemational copyright laws. No additional reproduction is authorized, it is permitted for personal use 1 dowrload and save only one file and print only one copy of this Article. it is nol permitted 1o make additional copies
{aither sporadically or systematically, either printed or electronic) of the Article for any purpose. it is not permitted to distribute the electronic copy of the arficle through oniine intemel and/or intranet file sharing systems, elecironic mailing or any dlhier
means which may allow access to the Article. The use of all or any part of the Articke for any Commercial Use is not permitied, The creation of derivative works from the Arlicle is nol permittad. The production of reprints for personal or commercial use is
not permitied, It is not permitted 1o remowe, cover, overay, obscurs, blogk, or change any copyright notices or terms of use which the Publisher may post on the Article. B is nol parmitied to frame or use framing techniques 1o enclose any trademark, logo,
or other proprietary information of the Publisher,

BANITALEBI

mentato il contenuto i S1P plasmatica nel grup-
po sottoposto ad allenamento rispetto al gruppo
di controllo (P=0,001). Inoltre, Fallenamento della
resistenza ha aumentato Pespressione genica dei
recettori S1IP1 (P=0,001), S1P2 (P=0000) e S1P3
(P=0,021) nel muscolo flessore lungo dell'alluce
dei ratti sottoposti ad allenamento della resistenza
rispetto al gruppo di controllo.  Nel muscolo so-
leo, lallenamento della resistenza ha aumentato
Iespressione genica dei recettori $1P1 (P=0,000),
$1P2 (P=0,603) e S1P3 (P=0,009).

Conclusioni. La conclusione principale & che
l'allenamento della resistenza ha causato un forte
aumento del contenuto plasmatico di S1P e dei suoi
recettori nei muscoli scheletrict deid ratti; ¢id potreb-
be indicare un coinvolgimento della segnalazione
delfa S1P negli eventi molecolari che controllano
gli adattamenti dei muscoli allenati alla resistenza
il quale necessita di essere chiarito in futuri studi.
Parole chiave: Esercizio di resistenza - Lisosfingoli-
pidi, ricettori - Muscoli scheletrici.
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