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SUMMARY: The purpose of this study was to evaluate the chronic effects of stretching exercise on soleus muscle histomorphology
and histomorphometry of young and aged rats. Thirty-eight female rats were divided into young control group (YCG #581§)2ydung
stretching group (YSG, n=8;2%42 g); aged control group (ACG, n=10;338 g); and aged stretching group (ASG, n=10:32h). A
mechanical apparatus was used to stretch muscle in 4 repetitions, 60 s each, 30 s interval between repetitions in éiines ssoeek for
3 weeks. Twenty-four hours after the last stretching session, soleus muscle was removed for micromorphology and immanastaising
Data analyses were performed with one-way ANOVA, post-hoc Tukey, or Kruskal-Wallis tests for parametric and nonparareetivelyesp
(p<0.05). Muscle fiber cross-sectional area (MFCSA) of ACG was lower (18 %) compared to the YCG. Stretching increased MFG8¢& compar
YSG to YCG (5,681.151,943.61um? vs 5,119.841,857.73um?, p=0.00), but decreased comparing ASG to ACG (3,91915894.65um?
vs 4,172.821,446.08um?, p=0.00). More serial sarcomere numbers were found in the YSG than YCG (12;B63®168 vs
10,070.321,072.38, p=0.03). Collagen | and collagen Il were higher in YSG than ASG:{7181% vs 0.0¥0.09 %, p=0.04) and (14.37%%

9.54 % vs 5.51 %5.52 %, p=0.00), respectively. TNF-a was greater in ASG than YSG (434299 % vs 1.72 2.02 %, p=0.00). Epimysium
was larger in the YSG compared to YCG (20:B®.07 % vs 181.09447.04 %, p=0.00). After 3-week stretching the soleus muscles from
aged rats were smaller than their younger counter-parts. Interestingly, while stretching appeared to positively affetdy®umgsste, the
opposite was detected in the muscle of the aged rats.
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INTRODUCTION

We can divide stretching exercises according their acutéstomorphometric structures of skeletal muscle tissue to
and chronic effects. Acute effects are evaluated immediatehcrease ROM (Nordeet al). In this sense, the maximum
after the stretching and chronic effects are investigated afROM may be limited by non-muscular structures, as skeletal
regular practice (days, weeks, or months) (Medeiros & Limauscle connective tissue, but the intracellular mechanism in
2017). response to stretching still needs to be investigated.

Stretching exercise is largely used in clinical practice Studies with young male rats showed that stretching
with the goal of increasing joint range of motion (ROM)exercise induced structural changes that increased muscle
(Nordezet al, 2017). To date, two main theories have beevolume, muscle fiber cross-sectional area, and serial sarcomere
described to explain physiological effects of stretching exercisember (Coutinhet al, 2004; Cacéo-Benediat al, 2014).
that contribute to increase ROM: neural and mechanistitwazaki et al (2016) using an aged rat model verified an
theories (Weppler & Magnusson, 2010). The mechanistinocrease in muscle fiber cross-sectional area and
theory argues that stretching exercise modifies th&arcomerogenesis after a six-week chronic stretching protocol.
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In contrast, Zotet al (2016) using aged female rats (26 monthshosen as described by Andreaibal (2012). They were

old) detected a reduction of muscle fiber cross-sectional areapt in the bioterium in standard plastic cages under controlled
(MFCSA) and no difference in the serial sarcomere numbenvironmental conditions (luminosity: bright/dark,12-hour
after a one-week stretching protocol. However, it was not fourngcles) with free access to food pellets and water. All rats
any study reporting the effects of stretching exercise comparipgesented uniform body weight, were disease free, and came
young and aged skeletal muscle. from an inbred strain.

In humans the effects of stretching on skeletal muscle Thirty-eight female rats were divided into 4 groups:
is usually assessed through ultrasound to evaluate the fasci@eng control group (YCG, n=10), young stretching group
length and pennation angle (Freitas & Mil-Homens, 2018YSC, n=8) aged control group (ACG, n=10), and aged
Freitaset al, 2016). However, this methodology does not allovgtretching group (ASG, n=10). Over three weeks, there were
us to quantify the skeletal muscle connective tissue &ssses in the aged control and aged stretching groups because
epimysium, perimysium, and endomysium, or to count seriaf cardiac respiratory descompensations during the execution
sarcomere numbers involved in ROM improvement. Stretchirg the stretching exercise protocol. Seven aged control rats
exercise can stimulate cycles of synthesis and degradatioraofl 7 aged stretching rats remained for the statistical analyses.
epimysium, perimysium, and endomysium for skeletal muschdl the rats were euthanatized after the three-week experiment
remodeling (Wessnet al, 2019). In addition, type | and type period.
Il collagens, growth factors such T@Fand pro-inflammatory
factors as TNFx, can act as signaling cellular pathways t&tretching protocol: For mechanical passive static stretching
adapt young and aged skeletal muscle (Kueslal, 2012). of the left soleus muscle, the rat was weighed (Mettler/Toledo
scales, Curitiba, Parand), and anaesthetized by intraperitoneal
Skeletal muscle fibrosis might be regulated by TNF-apjection of 60 mg/kg ketamine and 5 mg/kg xylazine. Then,
TGF, and type | and Il collagens (Kuslkd al). In aging, the rat was positioned on the stretching apparatus éeiz
TNF-a can positively regulate NF-kB, increasing inflammatory2019) with the tibiotarsal joint in maximum dorsal flexion to
response and contributing to cellular apoptosis and inhibitirggretch the soleus muscle. The stretching protocol consisted
MyoD and Mef2 pathways, which might reduce muscle masg a set of 4 repetitions of 1 minute each with a 30 s (&btz
and stimulate matrix degradation (Brzeszczyretld, 2018). al., 2016) interval between each repetition. The stretching
In contrast, TNFa can regulate positively muscle trophysmprotocol was carried out once a day in the afternoon, three
in young cells’ microenvironment, but it is still not known whatimes a week (Monday, Wednesday, and Friday) for three
mechanisms are involved in longitudinal and radial growth afteveeks. The control groups were also anaesthetized and
chronic stretching (Farugt al, 2015). positioned on the stretching apparatus to be subjected to the
same handling time and recovery similar to stretching group
The mechanisms involved in skeletal muscle adaptatidru without stretching soleus muscle.
after a chronic stretching protocol, both in young and in aged,
are poorly understood. Considering that skeletal muscle aBdthanasia of the animals and muscle dissectiornthe
connective tissue react to stretching exercise vianimals were anesthetized by intramuscular injection (80 mg/
mechanotransduction, it is important to investigate proteikg ketamine and 8 mg/kg xylazine) for dissection of the left
and factors involved in the signaling pathways to explaisoleus muscle. Afterwards, while still anesthetized, the rats
mechanistic theory. Thus, the objective of this study was were euthanized by inducing intracardiac injection with 240
evaluate the chronic effects of stretching exercise on solemg/kg ketamine and 24 mg/kg xylazine, according to the
muscle histomorphology and histomorphometry of young arethical principles in animal research. During dissection, the
aged female rats. soleus muscle was periodically wetted with saline solution
(0.9 % NaCl) to prevent tissue dryness. After dissection, the
soleus muscle was weighed on a precision analytical scale
MATERIAL AND METHOD (Mettler/Toledo) and then positioned on a plane surface
(Styrofoam) to measure the muscle length using a caliper rule
(Vonder). The soleus was divided longitudinally into two equal
Animal care and Experimental design:This study was parts with a blade (Feather). The medial portion of the soleus
carried out with female Wistar rats in accordance with thauscle of each animal was cut crosswise into two equal parts;
international ethics standard for animal experiments aride proximal portion was destined for an immunohistochemical
approved by the Ethics Committee on Animal Use of PUCP&nalysis and muscle fiber cross-sectional area measurements,
(992/2015). This study used young female rats (3 months oldhile the distal portion was destined for counting the serial
and aged female rats (26 months old). The age of rats wsscomere number.
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Procedure for Counting the Serial Sarcomere NumberThe  Cambridge, MA, USA; Rabbit Polyclonal Collagen Type I,
sarcomere number within a single muscle fiber was determina@7778 (1:200), Abcam, Cambridge, MA, USA,; and Mouse
as described by (Williams & Goldspink, 1971). The seriadllonoclonal Antibody TNFa, sc-52252 (1:100), Santa Cruz
sarcomere number was counted using a light microscopetechnology, Inc., Heidelberg, Germany.
(Olympus BX50) and photographed in digital camera (Sony
CCD IRIS Camera) with 100 immersion objective, The slides were photographed using the ZEISS Axio
throughout 30Qum of each muscle fiber. The total serialScope A1l microscope and AxioN Vision SE64 software with
sarcomere number and the length of the sarcomeres in etteh4k objective with the maximum magnification (400x) to
muscle fiber were estimated by correlation between the numlaaralyze the images. The monochrome mask was carried out
of sarcomeres identified in 3 fields of 101 fields, totalizing as described below to analyze the images. The "mask" was
300 um throughout the muscle fiber and total length of thapplied and the immunopositive area of each of the antibodies
muscle measured through a caliper rule, as described befavas measured by software Image Pro Plus (4.5 Version, Was-
hington, USA).
Histomorphology and Histomorphometry Analysis
Procedures: The proximal portion of the soleus muscle was The ratio between the proportion of collagen | and
used to evaluate the muscle fiber cross-sectional are@llagen Il was calculated, considering the average percentage
(MFCSA) fixed in a 10 % formalin solution, embedded irof collagen | as numerator and the average percentage of
paraffin, sectioned transversely [(8n) in a microtome collagen Il as denominator; thus, the control groups were
(Olympus) and stained with hematoxylin and eosin (HExonsidered as reference values.
Photomicrographs were taken using the ZEISS Axio Scope
Al microscope and Axion Vision SE64 software through thEpimysium, Perimysium, and Endomysium Measurement:
Software Image Pro Plus 4.5. The cross-sectional areas of T@Operform the measurement of the epimysium, perimysium,
muscle fibers were measured for each muscle, chosenaatl endomysium, the proximal portion of the soleus muscle
random from the region of the muscle belly of the histologicatas stained with hematoxylin and eosin (HE).
section, as described by Za@vral (2016). The MFCSA was Photomicrographs of the slides were made using the light
measured using the software ImageJ (1.52a. USA). microscope (Olympus BX50) and photographed in digital
camera (Sony CCD IRIS Camera) with 20x objective on
Immunohistochemistry: The immuhistochemistry analysis maximum magnification (200x).
was determined as describe by Zat al. (2016).
Immunohistochemistry protocol used included to dehydrate The epimysium and perimysium marking were done
and clear before sections were stained using Rabbit Polyclonaing the software Phothosop CS6 Portable (13.0 version,
Anti-Human Transforming Growth Factor betal (1:100)BRA) The structures of the epimysium and perimysium were
Spring Science, Pleasanton, California, USA; Rabbd#tained with a dot different colors (green pantone 802C and
Polyclonal Collagen Type I, AB34710 (1:200), Abcamprange pantone 715C, respectively, Fig. 1A-B). The

[

Fig. 1. Cross-sectional photomicrograph of the soleus muscle stained with hematoxylin and eosin (HE), 20x objective.
(A) Photomicrography before editing in Photoshop CS6 Portable (version 13.0, BRA). (B) Photomicrograph after
epimysium and perimysium marking (green pantone 802C and orange pantone 715C, respectively) and black back-
ground staining. (+) epimysium; (arrowhead) perimysium; (arrows) endomysium. Scale |ar:: 50
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endomysium, connective tissue that surrounds each unit of  The relative difference (%) of measurements between

muscle fiber, washot manually marked. The white back-the stretching groups and the control groups was calculated

ground color of the slide was used to craft the mask tesing the equation [(A-B/B¥ 100], the following groups

measure its area. were chosen: (A) stretching group and (B) control group.
When comparing the stretching groups, the value inserted

Two independent examiners analyzed 5 identicah A depended on the relative comparison that was to be

photomicrographs, considering the following criteriaapplied. All the analyses were carried out using the SPSS

epimysium (external portion involving the entire musclesoftware (version 20.0®), considering a significance level

bundle) and perimysium (portions of connective tissuef 95 % (p < 0.05).

involving a bundle of muscle fibers), then the intraclass

correlation coefficient (ICC) was calculated inter evaluators.

There was a strong agreement of 87 % for epimysium RESULTS

0.22/0.98, SEM=0.36) and 97 % for perimysium

measurements between the evaluators (0.72/0.99,

SEM=0.17).Afterwards only one evaluator carried out the The average force needed to stretch aged muscle was

epimysium, perimysium, and endomysium measurements. kpeater when compared to the force applied in youngs over 3

application of the mask, the background color of the slide itseifeeks (0.930.10 vs 0.7%0.06, p=0.00, Kruskal-Wallis test).

was considered, that is, with color. Hereafter, the areas of

epimysium, perimysium, and endomysium were marked by Table | shows the animal body mass and muscle mass

the mask and analyzed with Image Pro Plus software. data. All the groups except the YCG reduced body mass after
3 weeks, but the percentage of body mass reduction was not

Statistical Analysis: The Levene and Shapiro-Wilk testsdifferent among the groups.

were applied to test homogeneity and normality, respectively.

When normality was identified the comparisons between Regarding MFCSA, the ACG presented 18 % lower

groups were made by the analysis of variance (ANOVA onghen compared to the YCG. However, MFCSA increased 11

way post-hoc Tukey). For non-parametric results, th# in the YSG compared to YCG. In contrast, the MFCSA

Independent Samples Kruskal-Wallis test was used fdecreased 6 % in ASG compared to ACG. MFCSA in the

between groups comparison. All results are reported as #h8G was 31 % lower compared to YSG. These results are

meant standard deviation. presented in Table II.

Table I. Body and muscle mass.

. i BodyMas§ Find Muscle Musd e Mass Relative to
Groups Inicia Body Mass () Final Body Mass (Q) RedL;/(:lon Mass (g) Final Body Mass ( %)
YCG 300.00+43.05 274.50+22.35 3% 0.14+0.02 0.05+0.00
Y SG 270.87+19.45 253.75+12.42" 5% 0.16+0.02 0.06+0.00
ACG 356.57+41.91 335.28+39.76"* 6 % 0.14+0.03 0.04+0.00r
ASG 344.28+39.70 321.42+32.67*+ 6 % 0.14+0.06 0.04+0.02t

YCG, young control group; YSG, young stretching group; ACG, aged control group; ASG, aged stretchingByrdymass reduction comparing
final to initial body mass (p>0.05). The results are described aststaadard deviation. *0.01 (Paired t-test) in relation to initial body maxs80
(ANOVA one-way Post-Hoc Tukey) in comparison to YCG. $0.00 (ANOVA one-way Post-Hoc Tukey) in comparison to YSG. 10.00 {aliskal-
test) in comparison to YS®.00 (Kruskal-Wallis test) in comparison to YSG.

Table II. Effects of chronic stretching exercise on the soleus histomorphometry of young and aged rats.

5 Muscl e Length Seria Sarcomere Sarcomere Length
Groups MFCSA (um ) (mm) Number (m) (um)
YCG 5,119.84+1,857.73 22.34+1.58 10,070.39£1,072.38 2.23+0.26
Y SG 5,681.15+1,943.61* 22.07+£1.55 12,062.91+1,564.68™" 1.85+0.20¢
ACG 4,172.82+1,446.08- 22.14+2.56 10,959.38+£1,150.31 2.02+0.16
ASG 3,919.54+1,694.65"" 25.12+2.46" 11,475.42+2,048.29 2.24+0.38°

YCG, young control group; YSG, Young stretching group; ACG, aged control group; ASG, aged stretching group. The
results are described as mestandard deviation. *0.00 (Kruskal-Wallis test) compared to YO®O (Kruskal-Wallis test)
compared to YCG0.03 (Kruskal-Wallis test) in comparison to ACG. 10.00 (Kruskal-Wallis test) compared t0'.86.
(ANOVA one-way Post-Hoc Tukey test) when compared to ACG. $0.03 (ANOVA one-way Post-Hoc Tukey test) compared
to YSG.”0.03 (ANOVA one-way Post-Hoc Tukey) compared to Y@ER0 (Kruskal-Wallis test) compared to YC®.02
(Kruskal-Wallis test) compared to YSG.
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For muscle length, serial sarcomere number and For immunohistochemistry analisys, the areas of
sarcomere length, ASG muscle length was 13 % longenllagen type I, type Ill, TGF-b1, and TNF-a are expressed
in comparison to ACG and 14 % lengthier than YSG. As percentage in relation to the muscle fiber area in each
higher serial sarcomere number was detected in the Y $otomicrograph. The data are presented in Table IlI.
than YCG and the sarcomere length was 17 % shorter in
YSG compared to YCG and 10 % longer in ASG than The amount of epimysium, perimysium, and
ACG (Table II). endomysium is expressed as percentages in relation to the

muscle fiber area in each photomicrography. See Table

Table III. Effects of chronic stretching exercise on the soleus immunohistochemistry of young and aged rats.

Groups Collagen Collagen Ratio Cal I: TGF-31 TNF-a
Typel (%) Typelll (%) Coal 111 (%) (%)

Y CG 1.42+2.92 13.61+10.24 0.11+0.18 2.97+3.91 0.30+ 0.39

Y SG 7.44+ 718 14.37+9.54 0.88+1.35"N 10.68+12.73 1.72 £ 2.021

ACG 0.56+0.68 13.14+13.77 0.14+0.26 3.89+7.37 26.29 + 22.98*

ASG 0.07+0.09 5.51+5.52¢ 0.02+0.03 5.91+10.36 43.42 + 40.19+

YCG, young control group; YSG, Young stretching group; ACG, aged control group; ASG, aged stretching group. *0.00 (Kruskal-
Wallis test) in relation to YCG. #0.04 (Kruskal-Wallis test) in relation to ACG. 10.00 (Kruskal-Wallis test) in relation t$0Y®EG
(Kruskal-Wallis test) in relation to YS®0.00 (Kruskal-Wallis test) in relation to the AC®.00 (Kruskal-Wallis test) in relation to

YCG. "0.00 (Kruskal-Wallis test) in relation to the AC®.00 (Kruskal-Wallis tests) in relation to YCG. 8 0.00 (Kruskal-Wallis test)

in relation to YCG. 0,00 (Kruskal-Wallis tests) in relation to YSG.

Table IV. Effect of chronic stretching exercise on the connective In contrast, young soleus muscle stretched showed
tissue area of young and aged rats. hypertrophy, sarcomerogenesis, and increase collagen type |,
Groups  Epimysum Perimysium  Endomysium \what may be evidencieded wich rise collagen I:lll ratio and

(%) (%) (%) further to greater perimysium area found in young muscle.
YCG  83.19+116.14  18109+147.04  66.64+46.40 However, TNF-a also increased in young stretched muscle.
,:2?3 iggﬁiii’z 221—22;2223# i‘?‘-igfig-(z); Thus, these findings can indicate that TNF-a triggers multiple
ASG 16.81413.74 83.98+63.43 30.17426.89 cell responses, depending on the cellular microenvironment

YCG, young control group; YSG, Young stretching group: ACG, aged Coﬁgct!vatlng different pathways, e, aged showed atrophy effect
trol group; ASG, aged stretching group. *0.00 (Kruskal-Wallis test), ivhile young showed hypertrophic effect.
relation to YCG. #0.01 (Kruskal-Wallis test) in relation to ACG. 10.00

(Kru_skal-WaIIis test) in relation to YCG. $0.00 (Kruskal-Wallis test) in The increase of MFCSA in young rats accompanied
relation to YCG. by a rise in the TN+ immunostain might have activated
NF-kB within myoblasts, resulting in cyclin D1 up-
regulation enhancing muscle mass by Akt/Mtor (Sgtiil,
DISCUSSION 2016). Studies with young male rats have shown that 15
minutes of static stretching exercise carried out twice a week
for 2 weeks was effective in reversing soleus muscle atrophy
The main finding of this study was to detect MFCSAcaused by denervation. The authors attributed the finding to
reduction in aged soleus muscle when compared to youthg activation of Akt/MtOR/p70s6k pathway suppressing
ones, indicating sarcopenia. Even when the aged absolutascle degeneration (Agataal, 2009).
final body mass was superior than younger muscles and non-
difference was found in the muscle mass, the MFCSA of Aged stretching muscle showed hypotrophy and a
aged was 18 % lower than young control rats. The @iNF-decrease of both types of collagens. Although TNFas
should have contributed to this because of its higheontributed to both serial and parallel hypertrophy in
percentage compared to young control rats. Chronic system@ungsters, it induced atrophy in the aged muscle.
inflammation known as inflammaging is characterized bijevertheless, the magnitude of atrophy after 3 weeks (6 %)
high levels of TNFa, which triggers a cascade of sarcomerigvas smaller when compared to Za@tz al. (2016) that
protein degradation, positively regulating NF-kB, whichreported 21 % MFCSA decrease after one week of stretching.
stimulates proteins such as p53, Foxo and p38, activatimpese findings suggest that chronic stretching (3 weeks) was
MAPK kinase pathway resulting in muscle atrophy (Bonaldbetter than acute (1 week) for skeletal muscle trophysm of
& Sandri, 2013). aged. We could hypothesize that hypotrophy induced through
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stretching in aged muscle is time dependent because wipast-translational factors of polypeptide chains, which
applied over 3 weeks, the decrease was much less than acaoteribute to the quality and stability of the collagen molecule
effect after one week. We recommend for future studies itothe ECM. The response depends on the external force for
investigate the time course effect after 2 and 4 weeks itd modulation, such as the stretching exercise (Cacéo-
stretching to elucidate the mechanisms involved in tH&enediniet al, 2013). According to Kjaeat al (2004) the
regulation of muscle trophysm. demand for connective tissue is also controlled by passive
force. Greater cross-sectional area of muscle fiber could
Another study carried out manual stretching, 1@mply greater passive force generation; thus, we hypothesized
repetitions of 30s each, i.e., 600s volume per session thiat the increase in the deposition of type | collagen and
shortened soleus muscle of young male rats, 3 times per waekease of the perimysium may have occurred due to the
for 3 weeks. The study showed 10 % increase in MFCSgkeater tensile strength.
(Coutinhoet al, 2006). In this study, augment of MFCSA
in young female rats after intermittent stretching protocol, This fact may have a relation between strength and
carried out 4 repetitions of one minute, 3 times a week, fora@tivation of integrin receptors as demonstrated by Kaer
weeks. Thus, the hypertrophy less pronounced in female rats the greater tensile force in the extremities of young
than male rats could be explained by the shorter stretchifiigroblasts and the greater myofibrillar response demonstrate
time applied in female rats and or due to the hormorike interference of external mechanical load and the ECM
differences between the sexes. condition in the tissue deformation. Thus, it is suggested
that in young rats, a higher level of TNFmay put forward
Young female rats showed an increase in serigbsitive regulation of muscle mass.
sarcomere number and a decrease in sarcomere length.
Another study carried out intermittent manual stretching, In the aged control group, a lower percentage of
10 repetitions of 30 s each, i.e., 300 s volume per sessiepjmysium, endomysium, and perimysium was evidenced,
on shortened soleus muscle of young female rats, for 3 daggggesting topographic reorganization of connective tissue
This resulted in a 32 % increase in sarcomere number withalute to the aging process. During the aging, concomitant
modification in sarcomere length (Coutinbbal, 2006). reduction of the synthesis of collagen is verified by the
Moreover, a protocol of 10 repetitions of 60 s each, i.e., 6@tcrease of the degradation of the ECM due to the inflamed
s volume per session, on soleus muscle of young femabécroenvironment. Durotraxis is the response to mechanical
rats, but ovariectomized and hysterectomized, for 12 daytiffness, which may include induction of connective tissue
resulted in a 25 % increase in sarcomere number withalgposition or action of metalloproteinases, depending on the
modification in sarcomere length (Ywazatial). cellular environment (Kragstrupt al, 2011). Hence,
considering the process of inflammaging in aged mice, we
In this study, the stretching protocol resulted in a 26ould hypothesize that ECM degradation and stretching
% increase in sarcomere number without modification iexercise was not effective due to inefficiency of mechanical
sarcomere length. It was verified that a smaller volume &frce transmission.
daily stretching, performed for a longer period, promoted
sarcomerogenesis in muscles that were not previously  According to Zotzet al (2016) acute effect of
immobilized, demonstrating the benefits of chronistretching in the soleus muscle of aged rats, applied in a
stretching exercise in youngsters. Although was found longeslume of 240 s (4 repetitions of 60 s), 3 times a week for 1
muscle length, no differengeserial sarcomeres and lengthierweek, showed an antifibrotic effect demonstrated by an
sarcomeres was found in aged stretched muscle. Stretchingrease in type Il collagen and a decrease in type | collagen
can increase skeletal muscle in both longitudinal and radeahd TGIB-1. However, our findings showed that chronic
directions but it is not known how a cell gets larger or smallestretching, applied for 3 weeks, decreased both collagen types
longer or shortened, mainly in aged (Fregasl). Another and no changes in T@FL in the aged stretching group. This
study compared 24-month-old and 6-month-old mice ardghta could be explained because activation of BG&Eeurs
found in older mice that tendons were 31 % longer than #8 h after eccentric exercise and soleus muscle was collected
young mice (Nielsenrt al,, 2018). In this sense, tendon lengti24 h after the last stretching session (Sreithl, 2007).
could have contributed to increased muscle length.
The present study has limitations: (1) functiona
In the young stretching group, there was an increasgaluations were not performed, such as muscle strength
in collagen type I, accompanied by higher deposition @nd gait; (2) connective tissue arrangement was not analyzed;
connective tissue in the perimysium. Collagen biosynthedi8) molecular analysis was not performed and could help to
is characterized by the presence of an extensive amountlafrify signaling pathways.
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CONCLUSION GCJ (201,83 132,07 % vs 181,08 147,04 %, p = 0,00). Des-
pués de 3 semanas de estiramiento, los masculos séleo de las ratas
envejecidas eran mas pequefios que sus contrapartes mas jovenes.

After 3-week stretching protocol soleus muscle frorfyUriosamente, si bien el estiramiento parecio afectar positivamen-

. el musculo séleo joven, se detectd lo contrario en el misculo de
aged rats were smaller than their younger counter—par&%. 0160 ]
Ias ratas envejecidas.

Interestingly, while stretching appeared to positively affect
young soleus muscle, the opposite was detected inthe muscle  pa| ABRAS CLAVE: Envejecimiento; Ejercicio de es-

of the aged rats. tiramiento muscular; Mecanotransduccion celular; Plasticidad
muscular.
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