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38 ABSTRACT

39  Myotendinous junction (MTJ) is the largest area of force transmission between skeletal muscle and
40 bone tissue, which is directly associated with physical exercise that possible promotes
41  morphological changes in muscle and tendon tissues. The aim of this study is to describe the
42  ultrastructural characteristics of myotendinous junction and morphometric alterations in length
43 sarcomeres of the anterior tibial muscle of ovariectomized aged female Wistar rats submitted to a
44  swimming protocol. Twenty aged rats with 1 year and 8 months old randomly divided into four
45  groups (n=5): Sedentary (S); Exercised (E); Menopause (M) and Menopause Exercised (ME). The
46  exercising protocol consists at 40 sessions, one hour daily for a two months period and overload 5
47 % body weight of animals with adjustments weekly measured. Histological images were analyzed
48 by transmission electron microscopy to demonstrate morphometric characteristics and
49  ultrastructural elements of the cellular components. From the results obtained by transmission
50 electron microscopy ultrastructural adaptations were observed in the MTJ region. The S and M
51 groups demonstrated tissue disorganization in addition to lower density and length of
52  sarcoplasmatic invaginations. The E and ME groups showed greater density, length and tissue
53  organization, besides presenting sub-levels and communications between the sarcoplasmatic
54  projections. Besides, they present adaptations in the plasticity of the MTJ evidenced by increase in
55  the length of the distal sarcomeres. We concluded that the MTJ region presented adaptations in
56 relation to the physical exercise during aging associated with ovariectomy, increasing
57  sarcoplasmatic invaginations and changing length sarcomere distal, by improving the resistance and
58 the transmission of force in the main injured area.

59  Keywords: myotendinous junction, aging, sarcomeres, menopause, Swinning training.
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73 INTRODUCTION

74 The muscular tissue is responsible for functions like mechanical protection and thermal
75 insulation, besides generating force that is reversed in movements. This tissue has great capacity for
76  anatomical and physiological adaptations such as increase in cross-sectional area, greater amount of
77  Type I and 1II fibers due to training type, intensity and individual responses (MACDOUGALL,
78 2008).
79 One of the most important factors in the strength of muscle contraction is the length of the
80  sarcomere - the morphofunctional unit of the skeletal striated muscle - which depends on the initial
81  length of the sarcomere in addition to the tendinous stiffness that determines the shortening of the
82  fibers. In addition, human skeletal muscle functions with a sarcomere length pattern that allows
83  high levels of force production, however, in some cases the length of the fascicles changes
84  perceptibly during maximal contractions (MACINTOSH, 2017).
85 The sarcomere is composed of two types of filaments, thick (nebulin / myosin) and fine
86  (titin/actin). Muscle contraction requires a precise alignment between the actin and myosin
87  filaments and this is characterized because there are accessory proteins such as a-actin, myomesin,
88 titin, -H protein, desmin and myosin binding proteins (MyBP), -C and -H, that bind the different
89  components and keep them aligned with each other (TAJSHARGHI, 2008).
90 At the distal end of the muscle tissue there is a complex and specialized region called
91  myotendinous junction (CHARVET et al., 2012). The MT]J is the main area of predisposition to
92  skeletal muscle injuries, especially in excessive effort and eccentric contraction (TIDBALL;
93  SALEM; ZERNICKE, 1993).
94 The JMT presents a wide evolution and adaptations in the skeletal muscles, such as sintopy,
95  topography, functions, disposition and histochemical composition of muscle fibers (CIENA et al.,
96  2011). Furthermore, the main ultrastructural compromises the MTJ been demonstrated in the
97  cervical muscles of rats with sarcopenia (CIENA et al., 2012).
98 There are many cellular and molecular mechanisms related to aging and sarcopenia, such as
99  malnutrition, oxidative stress, inflammation, endocrine changes (decreased growth hormone
100  secretion - GH) and inactivity (MENG; YU, 2010). Another possible cause of the significant
101  decrease in muscle mass associated with the decline in skeletal muscle regenerative efficiency in
102 elderly individuals is the decrease in the number and differentiation of satellite cells (VERDIJK et
103 al., 2007).
104 Faced with an increasing life expectancy mainly in women, as a result of menopause, there
105 is evidence of an increase in adipose tissue and a drastic decrease in muscle mass due to hormonal

106  changes in sarcopenic women.
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107 The aerobic swimming training for 8 weeks proved to be effective against abdominal fat
108  deposition and furthermore to control blood pressure by lowering the concentration of angiotensin-
109  II which is a vasoconstrictor (ENDLICH et al., 2013).

110 Muscular impairment in the elderly may be aggravated by the hormonal changes resulting
111 from menopause which may lead to extensive morphological changes in the main area of the
112 locomotor musculoskeletal system denominated myotendinous junction. In order to analyze the
113 possible benefits that physical exercise can provide in this interface that has a direct influence on
114  gait through the transmission of force, as well as to minimize the effects of aging potentiated in the
115  experimental model of menopause in the ultrastructural anatomical complex of the myotendinous
116  junction, aqua aerobic training was used.

117 Therefore, the aim of this study was to describe the ultrastructural and morpho-quantitative
118  alterations of the myotendinous junction of the anterior tibial muscle of ovariectomized elderly
119  Wistar rats submitted to a swimming protocol and the hypothesis that adaptations in the lengths of
120  the sarcomeres occur in this region.

121

122 MATERIALS AND METHODS
123 Animals

124 Twenty Wistar rats, aged 1 year and 8§ months, were randomly divided in four groups
125  (n=5): Sedentary (S): animals were not submitted to swimming training and ovariectomy;
126  Exercised (E): animals were only submitted to training-swimming; Menopause (M): animals were
127  submitted only to ovariectomy; Menopause/Exercised (ME): animals submitted to ovariectomy
128  and swimming training. The animals were kept in the Laboratory of Morphology and Physical
129  Activity (LAMAF). They received standardized ration and water ad libitum, allocated 5 rats in each
130  cage at controlled ambient temperature at 23 + 2°C and light/dark photo-period of 12h. All the
131 procedures adopted in this study were approved by the Committee on Ethics and Research with

132 Animals of the Institute of Biosciences of the Paulista State University — Protocol - n® 9376.

133
134  Menopause Experimental Model

135 The M and ME groups were anesthetized with ketamine (50mg/kg) and xylazine (10mg)
136 intraperitoneally, submitted to trichotomy and asepsis of the pelvic ventral region. The pelvic wall
137  was sectioned longitudinally for exposure and removal of the ovaries followed by flat suture (nylon
138  6.0) (FERRETTI et al., 2014). The animals received in the first 7 days post-operative analgesic
139  (Paracetamol-300mg/kg) via drinking fountain.
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140  Agquatic Training

141 In the 4th postoperative month the animals of the E and ME groups were submitted to
142 aquatic training protocol in rectangular tanks individually separated by cylindrical tubes (24x50cm)
143 to prevent agglomeration and dispersion immersed at 40cm with water heated to 31°C (PESTANA
144  etal., 2012). To obtain the overloads during the training weights of lead fixed to the thorax with 5%
145  of body mass were used which were checked and corrected weekly. Five weekly sessions lasting 60
146  minutes each were performed for a period of 8 weeks in a total of 40 sessions (CIABATTARI;
147 DAL PAIL DAL PAI 2005).

148  Transmission Electron Microscopy

149 The animals from each experimental group (n=5) euthanized (overdose of anesthetic -
150  ketamine 100mg / Kg, intraperitoneal route), the MTJ (3mm?®) samples of the anterior tibial muscle
151  were dissected and immersed in modified Karnovsky solution for 48h at 4°C. Subsequently the
152 samples were post-fixed with 1% osmium tetroxide solution for 2 h at 4°C, washed with saline
153  solution. The samples were then subjected to dehydration in an increasing series of alcohols. After
154  dehydration the samples were included in resin (Low Viscosity Embedding Media Spurr's Kit
155  Electron Microscopy Sciences, USA). The blocks were trimmed to make semi-thin sections of
156 10pum (Leica Ultracut UCT, Germany), and stained with the 1% toluidine blue method. After
157  selecting the area of interest, ultra-thin sections of 60nm were obtained, which were collected in
158 200 mesh copper screens (Sigma-Aldrich, USA) and in contrast to the 4% uranyl acetate solution,
159  for 3 minutes, washed with distilled water and then contrasted in aqueous solution of 0.4% lead
160 citrate for 3 minutes (CIENA et al., 2012). The screens were examined through the Philips
161  Transmission Electron Microscopy CM 100, Microscopy Laboratory of the Institute of Biosciences

162 - UNESP.
163  Morphometric Analysis

164 For morphometric analysis of sarcoplasmatic invaginations and evaginations were
165  performed 30 measurements of length and 60 of thickness. Thirty measurements were made on the
166  lengths of sarcomeres comprised between the pairs of Z lines of the last (distal sarcomere) and
167  penultimate (proximal sarcomere) sarcomere present in the MTJ organization with the help of
168  Image]® software. After defining the size of the bar in pixels with the "Straight Line" tool the scale
169  of the image was determined in the "Analyze" option afterwards "Set Escale" and then the value in
170  the "Know Distance" box was substituted for the value in the bar. Unit of scale in um "Unit of
171 Length". The mean value of the standard deviation was calculated by means of the ANOVA
172 variance analysis, followed by BonFerroni post-hoc test. The p<0.05 was considered statically

173 significant.
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174 RESULTS
175  Ultrastructure

176 The ultrastructural aspects of MTJ of tibial anterior muscle from transmission electron
177  microscopy revealed the cell as characteristics of the Groups: S, E, M and ME (Figure 1).

178 In the S Group the distal muscle cell, organization and parallel arrangement of the
179  sarcomeres in series, adjacent to a large area of connective tissue were observed, in which it was
180 possible to visualize the cellular parts of tenocytes (Figure 1A). At higher magnification the
181  interaction of bundles of collagen fibers called sarcoplasmatic invaginations thin structures
182  projecting towards muscle tissue and oblique sarcoplasmatic evaginations were noted at the muscle
183  /tendon interface (Figure 1B).

184 In the E Group extensive tissue adaptation was demonstrated with the organization through
185  the parallel arrangement with greater projection and volume of invaginations and sarcoplasmatic
186  evagination (Figure 1C). In focus the tissue reorganization in relation to the positioning
187  communications and sub levels of the sarcoplasmatic invaginations (Figure 1D).

188 In the M group they presented drastic reduction in the amount of collagen fibers as well as
189  attenuation in the length and thickness of invaginations and sarcoplasmatic evagination (Figure 1E).
190 At higher magnification, a conical shape of the muscle tissue was observed with tissue
191  disorganization when sarcomere misalignment was revealed (Figure 1F).

192 In the ME group a higher tissue organization with a parallel arrangement was observed,
193  evidenced by an increase in the length and thickness of the invaginations and sarcoplasmatic
194  evagination as well as an increase in the deposition of collagen fibers in the adjacent region (Figure
195  1G). In greater magnification, it is possible to observe communications between the sarcoplasmatic
196  invaginations, forming sub-levels (Figure 1H).

197

198  Morphometric Analysis

199  Length of Sarcoplasmatic Invaginations and Evaginations

200 Measurements of the lengths (Fig 2A) of sarcoplasmatic invaginations and evaginations
201  were presented.

202 The lengths of the sarcoplasmatic invaginations in the E group presented an increase of
203 44.2% and 65.6% in the sarcoplasmatic evagination, in comparison with the S group, with statistical
204  significance (p<0.001). In the M group, there was a reduction in the length, 14.1%, of
205  sarcoplasmatic invaginations (p>0.05), and in sarcoplasmatic evaginations of 33.8% (p<0.05),
206  compared to S group. Similar characteristics were observed in the M group, showing attenuation of

207  sarcoplasmatic invaginations, 17.2%, and 21.8% in sarcoplasmatic evaginations in relation to the
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208  ME group (p>0.05). In addition, ME group presented 0.6% greater sarcoplasmatic invaginations
209  and sarcoplasmatic evagination 19.3% lower than S group (p>0.05).

210

211 Thickness of Sarcoplasmatic Invaginations and Evaginations

212 Measurements of the thicknesses (Fig 2B) of sarcoplasmatic invaginations and evaginations
213 were presented.

214 The invagination and evagination thickness presented similar adaptations (p> 0.05).

215 In S group the thickness of sarcoplasmatic invaginations and evaginations were 30.8%
216  (p<0.01) and 16.6% smaller in relation to E group (p>0.05), respectively. In the M group, they
217  presented thicknesses of invaginations and evaginations 21.4% (p>0.05) and 26.1% smaller than S
218 group. In the ME group, thicknesses of invaginations showed 34.3% greater (p<0.05) and
219  sarcoplasmatic evaginations 37.6% smaller (p<0.001) than the M group. In addition, in the ME
220  group, the thicknesses showed values 5.5% higher and 8.8% smaller in relation to S group (p>0.05).
221

222 Morphometrics - Proximal and Distal Sarcomeres

223 Measurements of the proximal and distal sarcomeres (Fig 2C) were presented.

224 The proximal sarcomere lengths were 25.8% lower in the S group than in the E group (p
225  <0.05), as well as 50.5% shorter distal sarcomere lengths (p<0.001). The M group had proximal
226 sarcomere lengths 41.2% (p<0.001), and distal 14.6% (p>0.05) higher than the S group. The ME
227  group was 54.5% higher in the proximal sarcomere lengths, and, in the distal sarcomere, 47.8%
228  higher in comparison to the S group (p <0.001). The ME group presented values 9.4% (p >0.05) and
229 28.8% (p<0.001) higher in the proximal and distal sarcomere lengths compared to the M group,
230  respectively.

231

232 DISCUSSION

233 The ultrastructural and morphometric aspects of the myotendinous junction of the anterior
234  tibial muscle demonstrated extensive adaptive changes through the physiological process of aging
235  and physical inactivity that were aggravated due to the hormonal deprivation- ovariectomy, and
236  demonstrated before this the benefits of the association of physical training through swimming.

237 In group S, presented extensive tissue disorganization due to aging associated with physical
238  inactivity revealing atrophic cellular characteristics and an increase of adjacent connective tissue
239  corroborating with the findings of Ciena et al. (2012), which revealed the morphological

240  characteristics of the muscle of the cervical region in aged animals. They also demonstrated the
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241  interaction between the muscular and tendinous tissues observed by the arrangement of the collagen
242 fibers called sarcoplasmatic invaginations and the sarcoplasmatic evagination also called the finger-
243 like process, arranged obliquely and parallel to the sarcomeres. According to Lang et al., (2009)
244  there is a progressive decrease in muscle volume during aging, this change refers to a decrease in
245 muscle strength and endurance and subsequently to functional loss and weakness with
246  predisposition to falls, characteristics observed in sarcopenia.

247 In the MTJ region, studies have shown characteristics as structures adjacent to the
248  projections, called sarcoplasmatic invaginations. These long and thin structures derived from the
249  extracellular matrix are composed by connective tissue and increase the attachment surface between
250 the tendon and muscle tissues (CIENA et al., 2010). Recent researches has shown that MTJ presents
251  evolutions and / or adaptations in the skeletal muscles, such as sintopy, topography, functions,
252  arrangement and histochemical composition of muscle fibers (CIENA et al., 2011).

253 According to Doral et al. (2010), tendinous cells, tenoblasts and tenocytes represent about
254 90-95% of tendon elements. According to Ippolito et al. (1980); Moore; de Beaux, (1987); Butler et
255 al., (1990), tenocytes are responsible for the synthesis of proteins such as collagen in the
256  extracellular matrix. The collagen fibers consists of an arrangement of primary and secondary
257  parallel bundles diminished according to the surface of the tendon insertion.

258 According to Zhang et al., (2016) during aging there is predisposition to tendinopathies that
259 lead to tendon ruptures. Furthermore, this physiological process induces increase in lipid deposition
260  and vascular decrease, as well as attenuation of the tenocytes and their cellular activity in order to
261  predispose a greater risk of injuries. And that aerobic exercise of moderate intensity as an injury
262  prevention modality promotes rapid healing in the experimental model in the elderly.

263 According to Knudsen et al., (2015), MTJ is a dynamic structure that adapts to the stimuli
264  that are imposed in various many ways, such as loading and unloading. In addition, they state that
265 their results show similarities in relation to research with experimental models, such as protrusions
266 of the extracellular matrix (sarcoplasmatic invaginations) and the "finger-like process"
267  (sarcoplasmatic evagination).

268 In the present study, aquatic training (E), promoted greater tissue organization demonstrated
269 by the parallel arrangement and significant increase in the length of invaginaition and
270  sarcoplasmatic evagination, besides presenting communications and sub levels of sarcolemma
271 projections, which demonstrates greater interface resistance due to greater projection and interaction
272 between the extracellular matrix and the distal sarcomeres. These results corroborate to Tidball's
273 (1991) statements about the ability of MTJ to transmit the generated force, which can be
274  accentuated by the invaginations of the sarcoplasmatic membrane, in a way that decreases the share

275  force due to the increase in the area of interaction between muscle and the tendon. According to
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276  Ciena et al., (2012) MTJ, a region of muscle-tendon connection, can be identified macroscopic
277  distal to the muscular belly, close to the mobile insertion point. In addition, its components have
278  been described from the neonate phase to aging in the sternomastoid muscle (CIENA et al., 2012);
279  in the adult stage the soleus muscle (ST PIEERE; TIDBALL 1994); its association with aerobic
280 treadmill exercise in the anterior tibial and gastrocnemius muscles (KOJIMA et al., 2008); in a
281  model of antigravity hypoactivity in the soleus muscle of primates (ROFFINO et al., 2006); related
282 to exercise resistance to growth hormone (GH) in plantar muscle MTJ (CURZI et al., 2013); (MTJ)
283  of the long extensor muscle of the fingers related to exercise resistance to IGF-1 expression factor
284  (Curzi et al., 2016). In addition, Curzi et al. (2015) used aerobic exercise at different intensities, in
285 moderate intensity the synthesis of structural proteins in the basal lamina and also in the
286  cytoskeleton induce morphological alterations in the MTJ of the gastrocnemius muscle, increasing
287  the area of connection between the tissues.

288 However, there are still some mechanisms not well understood in this region, mainly
289  associated with training and its implications in different age groups and special groups, which
290  advocates more MTJ morphological studies.

291  With hormonal deprivation (M), it was observed a decrease in collagen fibers as well as a conical
292 shape of muscle tissue. In addition, they showed attenuation in the length of sarcoplasmatic
293  invaginations - extracellular matrix projections, tissue disorganization without growth pattern,
294  inferring tissue atrophy and sarcomere misalignment. According to Kadi et al. (2002), ovariectomy
295 induces changes in the contractile properties of skeletal muscle and the association of exercise in
296  ovariectomized animals with estrogen treatment maintains the pattern of myosin heavy chain
297  expression (MyHC) in oxidative metabolism muscles ( soleus) and glycolytic (long extensor
298  digitorum).

299 The results obtained in this study confirm the research of Fontinele et al., (2013) in which
300 physical exercise has the ability to mimic the deleterious effects of ovariectomy and consequent
301 interruption of hormonal levels evidenced by extensive adaptations in the anterior tibial
302 myotendinous junction of rats the elderly.

303 In the experimental model menopause and submitted to the training of swimming, ME,
304 presented benefits like greater deposition of collagen fibers and extensive organization of the
305 sarcoplasmatic projections. In addition, these adaptations are similar to E, such as the formation of
306 communications between the matrix projections, as well as the formation of sub-levels, inferring
307 energetic tissue adaptation in order to reaffirm the potential of physical exercise in pathological
308  environments.

309 With an increase in the contact surface between the tissues evidenced by an increase in the

310 length of invaginations and sarcoplasmatic evaginations, it is possible to relate a better transmission
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311  of strength and consequently lower fragility in elderly individuals who also have physical
312 stimulation. Our results revealed a wide adaptation due to the training associated to the hormonal
313 reduction evidenced by the greater deposition of collagen fibers in the groups that received the
314  physical stimulus, mainly in the ME.

315 According to Jakobsen et al., (2016), MTJ in human shows heterogeneity of collagen fibers,
316  since the addition of collagen type XIV associated with four weeks of resistance training may
317  increase the protection against injuries in this region. Takagi et al. (2016) have shown that the
318 intense deposit of collagen in the superficial layer of skeletal muscle may indicate a more important
319  role than other factors in the injured muscle region by means of subsequent eccentric stimuli.

320 According to Gordon et al. (1966) the amount of force that a muscle is capable of generating
321 s directly related to the length of the sarcomeres. In addition, Plotnikov et al. (2008); Ralston et al.
322 (2008) argue that the integrity of myofibril can be observed by sarcomere patterns as well as these
323  may be useful in the diagnosis of muscular diseases.

324 The lengths of the proximal sarcomeres in M and ME groups increased according presented
325  adaptive changes through aging associated with hormonal deprivation, possibly due to marked
326  muscular atrophy. Such changes in the lengths of the proximal sarcomeres may be due to the
327  adaptations of the adjacent sarcomeres, the distal sarcomeres.

328 The length of the sarcomere depends on several factors such as: total muscle length, quantity
329  of sarcomeres, tendon length and stiffness (MACINTOSH, 2017). The distal sarcomere lengths
330  were higher than the proximal sarcomeres and maintained their standard in the S and M groups. In
331 the E and ME groups, there was an expressive increase in lengths caused by physical training that
332 possibly promoted the synthesis of protein myofilaments at the MTJ, the site of addition of new
333  sarcomeres.

334 In M, the lengths presented alteration in the distal sarcomeres, in addition, it was possible to
335  conclude that the length of the sarcoplasmatic evaginations decreased and their thickness increased,
336  probably due to the atrophy and reduction of the sarcomeres. It thus presents a correlation with the
337 length and thickness of sarcoplasmatic invaginations also evidenced by tissue atrophy. In addition,
338 the lengths of the proximal sarcomeres showed to be smaller than the S group and larger in relation
339  to the ME group.

340 The length of the distal sarcomere and the length of the invaginations presented a pattern of
341  similar alterations due to the adaptations through training and consequent traction of the sarcomeres
342  in series associated with the extracellular matrix through the MTJ.

343 In the trained groups (E and EO), a similar increase in the length of the distal sarcomeres
344  was observed, possibly associated to the traction of the bundles generated by the muscular

345  contraction of the swimming in order to bring about adaptations in the sarcomere plasticity. In
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346  addition, it was observed that training in ME promoted adaptations that reestablish and even
347 improve S patterns, demonstrated by greater lengths and thicknesses of sarcoplasmatic
348  invaginations. Sarcoplasmatic evaginations, which are the precursors of new sarcomeres by
349  addition, are adapted by increasing the length of sarcoplasmatic invaginations in proportion to the
350  production and myofilament bundles due to training (E and ME). Our findings corroborate Moo et
351 al.'s (2016) assertion that the lengths of the sarcomeres vary according to the muscle region; in the
352 case of the anterior tibial muscle in dorsiflexion (state of shorter length) we observed an average
353  length of 2.1 to 2.3 um. In plantar flexion (longer length), the sarcomeres that are more elongated
354  are those close to the distal sarcomere at the myotendinous junction and may stretch up to 25%
355  more than in other regions of the TA.

356 We concluded that the association between ovariectomy and swimming training promoted
357  alterations in the plasticity of the MTJ of the anterior tibial muscle, showing a greater resistance at
358 the muscle / tendon interface due to the greater contact surface area, quantified by greater lengths of
359 invagination and sarcoplasmatic evagination, in addition to longer lengths of the distal sarcomeres,
360 possibly due to the traction of the fiber bundles and activation of the satellite cells fomenting better
361  tissue regeneration, which requires further studies.

362

363 REFERENCIAS BIBLIOGRAFICAS

364

365 BABINSKI, MA. 2012 Anatomia dos ovarios: consideragdes clinico-patologicas. Acta Scientiae
366 Medica, v. 5, p. 43-52.

367 BENJAMIN M, RALPHS, JR. 2000 The cell and developmental biology of tendons and ligaments.
368 International review of cytology. v. 196, p. 85-130.

369 BUTLER DL, SHEN MY, STOUFFER DC, SAMARANAYAKE VA, LEVY MS. 1990. Surfacce
370  strain variation in human patellar tendon and knee cruciate ligaments. Journal of Biomechanical
371  Engineering, v. 112, n. 1, p. 38-45.

372 CIABATTARI O, DAL PAI A, DAL PAI V. 2005. Efeito da natagdo associado a diferentes dietas
373  sobre o musculo tibial anterior do rato: estudo morfologico e histoquimico. Revista Brasileira de
374  Medicina do Esporte, v. 11, p. 121-125. dx.doi.org/10.1590/S1517-86922005000200005

375 CIENA AP, ALMEIDA SRY, ALVES PH, BOLINA-MATOS RS, DIAS FJ, ISSA JP, [YOMASA
376 MM, WATANABE 1. 2011. Histochemical and ultrastructural changes of sternomastoid muscle in
377  aged Wistar rats. Micron, v. 42, n. 8, p. 871-876. DOI:10.1016/j.micron.2011.06.003

378 CIENA AP, DE ALMEIDA SRY, BOLINA CS, BOLINA- MATOS RS, RICI G, ELI R, DA
379 SILVA MCP, MIGLINO MA, WATANABE I. 2012. Ultrastructural Features of the Myotendinous
380 Junction of the Sternomastoid Muscle in Wistar Rats: From Newborn to aging. Microscopy
381  Research Technique. v. 75, n.9, p. 1292-1296. DOI:10.1002/jemt.22063

382 CIENA AP, LUQUES IU, DIAS FJ, ALMEIDA SRY, [YOMASA MM, WATANABE 1. 2010.
383  Ultrastructure of the myotendinous junction of the medial pterygoid muscle of adult and aged
384  Wistar rats, Micron, v.41, n. §, p. 1011-1014. DOI:10.1016/j.micron.2010.04.006

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.26601v1 | CC BY 4.0 Open Access | rec: 2 Mar 2018, publ: 2 Mar 2018



385 CLARK KA, MCELHINNY AS, BECKERLE MC, GREGORIO CC. 2002. Striated muscle
386  cytoarchitecture: an intricate web of form and function. Annual review of cell and developmental
387  biology, v. 18, n. 1, p. 637-706. DOI:10.1146/annurev.cellbio.18.012502.105840

388 CURZI D, AMBROGINI P,FALCIERI E, BURATTINI S. 2013. Morphogenesis of rat
389  myotendinous junction. Muscles, ligaments and tendons journal, v. 3, n. 4, p. 275.

390 CURZI D, BALDASSARRI V, DE MATTEIS R, SALAMANNA F, BOLOTTA A, FRIZZIERO
391 A, FALCIERIE. 2015. Morphological adaptation and protein modulation of myotendinous junction
392 following moderate aerobic training. Histology and histopathology, v. 30, n. 4, p. 465-472.
393 DOI:10.14670/HH-30.465

394 CURZI D, SARTINI S, GUESCINI M, LATTANZI D, DI PALMA M, AMBROGINI P. 2016
395  Effect of Different Exercise Intensities on the Myotendinous Junction Plasticity. PLoS ONE. v.11,
396 n.6,p.1-12. DOI:10.1371/journal.pone.0158059

397 DORAL MN, ALAM M, BOZKURT M, TURHAN E, ATAY OA, DONMEZ G, MAFFULLI N.
398  2010. Functional anatomy of the Achilles tendon. Knee Surgery, Sports Traumatology,
399  Arthroscopy, v. 18, n. 5, p. 638-643. DOI:10.1007/s00167-010-1083-7

400 FERRETTI M, CAVANI F, MANNI P, CARNEVALE G, BERTONI L, ZAVATTI M,
401  PALUMBO C. 2014. Ferutinin dose-dependent effects on uterus and mammary gland in
402  ovariectomized rats. Histology and Histopathology, v. 29, p. 1027-1037. DOI:10.14670/HH-
403 29.1027

404 FONTINELE RG, MARIOTTI VB, VAZZOLERE AM, FERRAO JSP, JUNIOR JRK, SOUZA R
405 R. 2013. Menopause, Exercise, and Knee. What Happens? Microscopy Research and Technique,
406  v. 76, p.381-387. DOI:10.1002/jemt.22177

407 GORDON AM, HUXLEY AF, JULIAN FJ. 1966. The variation in isometric tension with
408  sarcomere length in vertebrate muscle fibres. The Journal of physiology, v. 184, n. 1, p. 170-192.

409 IPPOLITO E, NATALI PG, POSTACCHINI F, ACCINI L, DE MARTINO C. 1980.
410  Morphological, immunochemical, and biochemical sudy of rabbit achilles tendon at various ages.
411 The Journal of none of Joint Surgery, v. 62, n. 4, p. 583-598.

412 JAKOBSEN JR, MACKEY AL, KNUDSEN AB, KOCH M, KJAER M, KROGSGAARD MR.
413 2017. Composition and adaptation of human myotendinous junction and neighboring muscle fibers
414  to heavy resistance training. Scandinavian Journal of Medicine & Science in Sports. V.27,
415  p.1547-1559. DOI:10.1111/sms.12794

416 KADIF, KARLSSON C, LARSSON B, ERIKSSON J, LARVAL M, BILLIG H, JONSDOTTIR I
417  H. 2002. The effects of physical activity and estrogen treatment on rat fast and slow skeletal
418  muscles following ovariectomy. Journal of Muscle Research & Cell Motility, v. 23, n. 4, p. 335-
419  339.

420 KANNUS P. 2000. Structure of the tendon connective tissue. Scandinavian Journal of Medicine
421 & Science in Sports, v. 10, n. 6, p. 312-320.

422 KANNUS P, JOZSA L, KVIST M, LEHTO M, JARVINEN M. 1992. The effects of
423  immobilization on myotendinous junction: an ultrastructural, histochemical and
424  immunohistochemical study. Acta Physiological Scandinavica, v. 144, n.3, 387-
425  394.DOI:10.1111/5.1748-1716.1992.tb09309.x

426 KNUDSEN AB, LARSEN M, MACKEY AL, HIORT M, HANSEN KK, QVORTRUP K,
427 KROGSGAARD MR. 2015. The human myotendinous junction: an ultrastructural and 3D analysis
428  study. Scandinavian Journal of Medicine & Science in Sports, v. 25, n. 1, p. ell6-el23.
429  DOI:10.1111/sms.12221

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.26601v1 | CC BY 4.0 Open Access | rec: 2 Mar 2018, publ: 2 Mar 2018



430 KOJIMA H. Sakuma E, Mabuchi Y, Mizutani J, Horiuchi O, Wada I, Horiba M, Yamashita
431 Y, Herbert DC, Soji T, Otsuka T. 2008. Ultrastructural changes at the myotendinous junction
432 induced by exercise. Journal of Orthopaedic Science, v. 13, n. 3, p. 233-239.
433 DOI:10.1007/s00776-008-1211-0

434 LANG T, STREEPER T, CAWTHON P, BALDWIN K, TAAFFE DR, HARRIS TB. 2009.
435  Sarcopenia: etiology, clinical consequences, intervention and assessment. (steoporosis
436 International, v. 21, n. 4, p.543-559. DOI:10.1007/s00198-009-1059-y

437 LAZAR JM, KHANNA N, CHESLER R, SALCICCIOLI L. 2013. Swimming and the heart.
438  International Journal of Cardiology, v. 168, p. 19-26. DOI:10.1016/j.ijcard.2013.03.063

439 MACDOUGALL JD. 2008. Hypertrophy and hyperplasia. Strength and Power in Sport. p. 252 —
440  2064.

441  MACINTOSH BR. 2017.Recent developments in understanding the length dependence of
442  contractile response of skeletal muscle. European Journal of Applied Physiology, p. 1-13.
443  DOI:10.1007/s00421-017-3591-3

444  MENG SJ, YU LJ. 2010. Oxidative stress, molecular inflammation and sarcopenia. International
445  of Molecular Science, v. 11, n. 4, p. 1509-1526. DOI: 10.3390/ijms11041509

446  MOO EK, FORTUNA R, SIBOLE SC, ABUSARA Z, HERZOG W. 2016. In vivo Sarcomere
447  Lengths and Sarcomere Elongations Are Not Uniform across an Intact Muscle. Frontiers in
448  Physiology, v.7.1.187 p.1-9.- DOIi: 10.3389/fphys.2016.00187

449 MOORE NL, DE BEAUX AA. 1987. Quantitative ultrastructural study of rat tendon from birth to
450  maturity. Journal of Anatomy, v. 153, p. 163-169.

451  PESTANA PRD, ALVES AN, FERNANDES KPS, JUNIOR JAS, FRANCA CM, BUSSADOR]I,
452  SK, MESQUITA-FERRARI RA. 2012. Efeito da natagdo na expressdo de fatores regulatorios
453  miogénicos durante o reparo do musculoesquelético de rato. Revista Brasileira de Medicina do
454  Esporte, v. 18, n.6, p. 419-722. dx.doi.org/10.1590/S1517-86922012000600015

455  PLOTNIKOV SV, KENNY AM, WALSH SJ, ZUBROWSKI B, JOSEPH C, SCRANTON VL,
456 ADAMS DJ, DOUGHERTY RP, CAMPAGNOLA PJ, MOHLER WA. 2008. Measurement of
457 muscle disease by quantitative second-harmonic generation imaging. Journal of Biomedical
458  Optics, v. 13, n. 4, p.044018-1 — 044018-11 . DOI:10.1117/1.2967536

459  RALSTON E, SWAIM B, CZAPIGA M, HWU WL, CHIEN YH, PITTIS MG, RABEN N. 2008.
460  Detection and imaging of non-contractile inclusions and sarcomeric anomalies in skeletal muscle by
461 second harmonic generation combined with two-photon excited fluorescence. Journal of
462  Structural Biology, v. 162, n. 3, p. 500-508. DOI:10.1016/].jsb.2008.03.010

463  ROFFINO S, CARNINO A, CHOPARD A, MUTIN M, MARINI JF. 2006.Structural remodeling
464  of unweighted soleus myotendinous junction in monkey. Comptes Rendus Biologies, v. 329, n. 3,
465  p. 172-179. DOI:10.1016/j.crvi.2006.01.008

466 ST PIERRE BA, TIDBALL JG. 1994. Macrophage activation and muscle remodeling at
467 myotendinous junctions after modifications in muscle loading. The American Journal of
468  Pathology, v. 145, n. 6, p. 1463-1471.

469 TAJSHARGHI H. 2008. Thick and thin filament gene mutations in striated muscle diseases.
470 International Jourmal of Molecular Sciences, V. 9, n 7, p. 1259-
471 1275. DOI: 10.3390/ijms9071259

472 TAKAGI R, OGASAWARA R, TSUTAKI A, NAKAZATO K, ISHII N. 2016. Regional
473  adaptation of collagen in skeletal muscle to repeated bouts of strenuous eccentric exercise.
474  European Journal of Physiology, v. 468, n. 9, p. 1565-1572. DOI:10.1007/s00424-016-1860-3

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.26601v1 | CC BY 4.0 Open Access | rec: 2 Mar 2018, publ: 2 Mar 2018



475 TIDBALL JG. 1991. Force transmission across muscle cell membranes. Journal of biomechanics,
476  v.24,p.43-52.

477  VERDIK LB, KOOPMAN R, SCHAART G, MEIJER K, SAVELBERG HH, VAN LOON LJ.
478  2007. Satellite cell content is specifically reduced in type II skeletal muscle fiber in the elderly.
479  American Journal of Physiology, v. 292, n. 1, p. 151-157. DOI:10.1152/ajpendo.00278.2006

480 ZHANG J, YUAN T, WANG JHC. 2016. Moderate treadmill running exercise prior to tendon
481 injury enhances wound healing in aging rats. Oncotarget, v.7, n.8, p.8498-8512.
482  DOI: 10.18632/oncotarget.7381

483  Figures:

484 58 v
485  Figurel — Transmission electron microscopy

486  (C;D), Menopause (E;F), Menopause/Exercised (G;H). Distal Sarcomere (*); Proximal Sarcomere (**);
487  Tendon Tissue (T); Muscle Fiber (M); Sarcoplasmatic invaginations (arrow) and Sarcoplasmatic
488  evaginations (arrowhead). Magnifications: (A, C, E, G) 4.000x, (B, D, F, H) 15.000x.
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491

492  Figure 2 — Morphometric data: Mean and standard deviation of the lenghts (A), thickness (B) of the
493  invaginations and evaginations sarcoplasmatic and the lenghts of the proximal and distal sarcomeres (C).
494 *p<0.05; **p<0.01; ***p<0.001.
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