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SUMMARY: Severe muscle injuries are common in accidents and have a delayed recovery of muscle integrity. In these cases,
muscle suture surgery is the standard treatment. However, Platelet Rich Plasma (PRP), has been widely used in orttespddes injuri
to its growth factors. Thus, the objective of the study will be to analyze the association of suture and PRP techniqukagartand
tenacity of the injured muscle. Were used seventy rats, divided into five groups: control (C), injury control (Cl), infuityien@S),
injury and PRP (IP), injury, suture, and PRP (ISP). Were sectioned approximately 50 % of the width and 100 % of the fhilokness o
gastrocnemius muscle. The homologous PRP was applied 24h after the injury. On the 7th day after the injury, the anintasizede eu
and their muscles subjected to mechanical testing to measure tenacity or collagen analysis to calculate the ratio beameehl type
collagen. The results show a significant decrease (p <0.05) in the values of the relationship between collagens irgatiuipgi(€d,

IS, IP, ISP) compared to group C. In injured groups, the tenacity was significantly (p <0.05) reduced compared to thregpnivibhg
no observed difference between treatments and injured groups. The amount of collagen in the injured area has incrdabadf but it
affect the tenacity of the muscles, which was reduced.
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INTRODUCTION

Muscle injuries are an important cause of sport anflammation and afterward the muscle repair process, the
work absenteeism (Ruait al, 2013), these are commonly sooner the muscle is repaired, the shorter the rehabilitation
caused by very strong muscle contractions or accidentigne and the absence of work. (Hwastal., 2006).

Treatment depends on the extent, the broken structures and

the number of broken fibers, these characteristics will defi- In recent years, platelet-rich plasma (PRP) has been

ne surgical or conservative treatment (Fernaatigls 2015).  used frequently in several studies with musculoskeletal in-
juries (Willitset al., 2013). This method is performed with a

Severe muscle injuries, in which a large part of thelood sample that is centrifuged to concentrate the platelets,
muscle fibers are injured, are commonly treated by surgeand applied to the focus of the injury (Hareidal, 2014).
in this case, the edges of the ruptured muscle are united usBigod platelets have platelet-derived growth factor (PDGF),
absorbable or non-absorbable suturesetdé, 2014; Horst which stimulates the synthesis of components of the
et al, 2014; Ramost al, 2015). The approximation of the extracellular matrix and activation of satellite cells. In
ruptured edges creates a favorable environment faddition, it has beta transformation growth factor (TGF-b),
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which stimulates fibroblast mitosis and type 1 insulin-like Approximately 50 % of the width and 100 % of the
growth factor (IGF-1), which promotes myogenesishickness was sectioned in the muscle largest diameter
(Hammoncet al, 2009; Coleet al, 2010; Sanchez-Gonzalezportion. This injury protocol was based on the study Hwang
et al, 2012). The release of these growth factors by tlet al In the IS and ISP groups, sutures of the animal's muscle
platelets within the focus of the injury can accelerate th@anes and skin were performed, while in the Cl and IP
repair process of the injured muscle, recovering its abiligroups, only the animal's skin was sutured. The injured
to receive external loads. groups received analgesic drug tramadol hydrochloride
(Tramal).
Regarding PRP in muscle injuries (Moragal., 2013: Andia
& Abate, 2015), no studies were found comparing dPRP preparation and application. The animals in group
associating the PRP with the muscle suture technique. ThGswere euthanized and their blood used to prepare the PRP
this study aims to compare the standard muscle sutwapplied in the other groups. Blood was collected by cardiac
technique associated or not with PRP through histology apdncture using a syringe containing 2 ml of 3.8 % sodium
mechanical testing of the injured and treated muscle.  citrate.

The blood was separated into 5 ml tubes and
MATERIAL AND METHOD centrifuged at 220 G for 15 minutes, the buffy coat and serum
component were transferred to another tube and centrifuged
at 1270 G for 5 minutes, the content at the bottom of the
Animals. This research was approved by the ethicsibe is the PRP (Lét al, 2012; Dimaurcet al, 2014). In
committee on the use of animals, from the Faculty of Scienaaimals of the IP and ISP groups, 0.1 ml of PRP was applied
and Technology, FCT - Unesp, Presidente Prudente Campuasthe injured portion of the muscle using a sterile syringe.
with protocol number: 01/2016. Some PRP samples were separated for platelet count.

We used 70 male rats with 150 days of Wistar lineaggampling. All animals were euthanized by intraperitoneal
(Rattus norvegicybtained from the Universidade do Oesteadministration of an overdose of Xilasine (140 mg/kg) and
Paulista (Unoeste) and kept in the bioterium of the Histolodgetamine (30 mg/kg).
and Histochemistry Laboratory of the Faculty of Sciences and
Technology of Presidente Prudente (FCT / UNESP) in The muscles intended for the mechanical test were
collective boxes with water and feed provided ad libitum, witdissected, preserving their origin in the distal third of the
controlled conditions of temperature (22 £@), humidity femur and insertion in the calcaneus, after dissection, the
(50 %+ 10) and 12-hour light / dark cycle (7-19 h). muscles were kept in Ringer's lactate solution, at room

temperature until the traction test was performed.

The animals were randomly allocated to five groups
with 14 animals each. Control group (C): animals that did For histological analysis, the method of freezing non-
not receive the lesion or treatments, before being euthanidead tissue was used. In this method, the muscles were
they had their blood punctured to prepare the PRP for tiemersed in a beaker containing 30 to 50 ml of N-hexane
other groups; control injury group (CI): animals subjectednd this beaker was immersed in nitrogen. After the samples
to muscle injury; muscle injury and suture group (IS)were frozen uniformly, they were stored at -75 °C in an ul-
animals that underwent muscle injury followed by musclga-low temperature freezer (CL580-80, Collab) until the
suture; muscle injury and PRP group (IP): animals subjectpdeparation of the histological slides.
to muscle injury and application of PRP the day after the
injury; muscle injury, suture, and PRP group (ISP): animals Transverse sections of the muscles with a thickness
subjected to muscle injury followed by muscle suture surgeof 5 pm were produced by means of a cryostat microtome
and application of PRP to the injury site the next day. A{Microm, HM 505 E), at a temperature of -20°C. These were
injured groups were euthanized 7 days after the injury. then stained by the Picrosirius red method for collagen

analysis (Mescher, 2013). The analysis of the slides was
Muscle Injury Protocol. The injured groups were performed using a polarized light microscope (Light LEICA
anesthetized with an intraperitoneal injection of xylazine (1BM 750), with a camera attached.
mg/kg) and ketamine (70 mg/kg), after the confirmation of
the anesthesia the gastrocnemius muscle of the right posiéstological analysis.Picrosirius staining observed under
rior paw was exposed through an incision and the musgelarized light allows the differentiation of type I (red) and
injury was performed with a scalpel, blade number 11. type Il (green) collagen, using the Image J progréme
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percentage of these collagens in relation to the total image area was meas
The ratio between the two was calculated by dividing the values of type | colla
by those of type Il (Type | / 111).

Mechanical test. The gastrocnemius of seven animals were used for {
mechanical testing on the universal testing machine (EMIC®, model DL20(
equipped with a 50 kg load cell. Two accessories were used to fix the musd
be tested, one fixator for the femur and another for fixation of the calcang
keeping the knee and ankle with 90° of angulation. The Tesc® software
used to generate the load versus displacement graph.

The muscle attached to the testing machine was subjected to axial tra
with a load of 300 grams for 30 seconds, in order to promote the accommod:
of the muscle to the machine. The test was conducted at a speed of 10
minute and the load applied was registered by the software until the mome
muscle break, the break was considered when there was a 70 % load drop
mm of stretching. The steps followed for the mechanical test were adapted
the study of Kodamat al (2012).

The tenacity of the muscles, which is the energy absorption capal
(millijoules) until rupture, was calculated by measuring the area under the |
versus displacement curve of each test.

Statistical analysis.The statistical analysis was performed with calculations
mean and standard deviation, after the Shapiro-Wilk normality test confirm
the absence of Gaussian distribution, non-parametric tests were applieds
analyze the differences between the variables of the groups, the Kruskal-
test with Dunn's post-test was used. For all analyzes, the level of significd
adopted was 5 %. '

RESULTS

We analyzed 124 images of Picrosirius, with approximately 25 imag
per group with 5 images per animal.

Collagen distribution. The images under polarized light show a greater prese
of red collagen compared to green in all groups (Fig. 1). In group C, colla
showed a normal distribution between muscle fibers and fascicles, wit
thickening, with type Il collagen in small quantities. The Cl group had a gre
presence of type | collagen, distributed around blood vessels, around the inj
cells and surrounding the inflammatory infiltrate. Type Ill collagen was md
prevalent closer to the focus of inflammation than type I. :

The IS group had a similar distribution to the CI group, but there waiis:a
greater amount of type | and Il collagen, but these were more concentrgled — .
than the CI group, which was more dispersed. The IP group had a greak%'{lf Images of injured areas stained

v . : th picrosirius, the red and green colors
presence of collagen in relation to groups C, Cl and IS, the red collagen,isihe collagens I and IIl. Control group
distributed around the fibers and on the margins of the inflammatory infiltrate;): control injury group (CI); Injury
In the ISP group, there was a greater presence of collagen types | and Ill, teilre group (IS); Injury PRP group (IP);
presence occurred both around the inflamed area and in the middle of Itiey suture and PRP group (ISP). Scale
inflammatory infiltrate. bar = 100um.
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Fig. 2. Relationship between type | and type Il collagen. ThEig. 3. Boxplot chart with the tenacity values of the groups. The
symbol “a” indicates a significant difference with group C. Thesymbol “a” indicates a significant difference with group C. The
unit of measurement is arbitrary units (A.U.). unit of measurement is millijoules (mj).

The relationship between type | and il collager-ollagen deposition is necessary for correct muscle repair
shows a higher value in group C compared to group Cl When its fibers are ruptured, a gap is formed and the collagen
<0.0001), IS (p = 0.002), IP (p <0.0001), ISP (p <0.0001§cts filling and stabilizing this gap (Karalad al, 2009).
Although in the injured groups the amount of collagefilthough the importance of the extracellular matrix during
increased considerably, as seen by histological images, fAESCle regeneration is already recognized (Menal,
relationship between them decreased. These results poing®-1), it is not known exactly, what role type | and Il
a large increase in type 1l collagen in relation to type |. collagens play at each stage of inflammation. It is believed

that initially immature collagen (type Ill) occupies the injured

The tenacity of the muscles, measured by th@te, being replaced by mature collagen (type 1) after the
mechanical test, showed higher values in group C comparégt days, in the study of Corbiee¢al (2018) the collagen
to the other groups, this difference was significant for th@rmed in a muscular laceration decreases significantly after
Cl groups (p <0.0001), IS (p = 0.019), IP (p = 0.007), ISP ((be 14 days of the injury. In our study, after seven days, the

=0.002). The injured groups showed no difference betwe#Hlammatory infiltrate remained intense. Thus, itis expected
them. that immature collagen (type IIl) will continue to be

deposited until the beginning of the resorption process or
progress to the fibrosis process.
DISCUSSION ) _ )
The relationship between collagens had high values
in the control group, this proportion was expected in a healthy

In this research, it was observed that muscle inju@\uscle due to the lower amount of col. Il in relation to col.
increased the presence of collagen types | and Ill in theThe muscle injury decreased the values of the col.l/lll
injured groups, decreased the values of the relationsiggio. which can be explained by a col. Il deposition rate
between collagens as well as reduced the tenacity of @fgater than col. I, these same proportions between col. |
injured muscles. The treatments raised the collagen val@ Il were seen in a similar survey of Lebtal (1985).
(especially the PRP), but with no effect in the muscular

tenacity. In addition, lately, similar results were found in the
study of Vieira Ramost al (2016) where after 7 days of
The injury inflicted in the gastrocnemius causednuscle injury, mRNA expression from col. Il increased

deposition of collagen types | and Ill, this deposition wai0re than col. I. Therefore, at seven days after injury, the
seen mainly in the injured area where col. | was distributétgposition of immature collagen (type IIl) is still more
around the inflammatory infiltrate and between muscle fibef8tense than the mature (col. 1), indicating that the muscle is

with no sign of the injury while col. il is mainly distributed NOt yet stabilized and needs support for the gap formed
in the focus of the inflammatory infiltrate and around itbetween the ruptured fibers, which can reduce its resistance
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to external forces. Thus, this large amount of col. Il may bgpe | and decreased the values of muscle tenacity. In
responsible for the tenacity values obtained in the mechaniealdition, treatments with PRP or suture increased the amount
test, which followed the same trend as the relationshgd collagen, but did not interfere with muscle tenacity.
between collagens.

The tenacity of the muscles was similar in all injuredACKNOWLEDGMENTS . The authors are grateful to the
groups, the treatments applied did not improve the muscl&sazilian Agency of Resources for Higher Education
ability to absorb energy. Figures 2 and 3 show a similari§ersonnel (CAPES), to the Foundation for Research Support
in the results of the relationship between collagens amdthe State of S&o Paulo (FAPESP), protocol number 2017/
muscle tenacity, in both cases the lesion reduced the val@€930-0 and the Universidade do Oeste Paulista (Unoeste),
without difference with the treatments. for supporting the development of this study.

The muscle is composed of contractile and non-
contractile structures, the muscle fibers represent most @fRCIA, T. A OZAKI, G. A. T.; CASTOLDI, R. C.; JOB, A
the muscle and are responsible for the generation of stren SAMAR.GO’ R C. T",FlLHO’ J.C.S.C.& BELANG,ERO’

. . - . . D. Relaciones de colageno | y lll y tenacidad del musculo de las
Wh_'le n_on'comracme cqmponents such as pe”my_s'u%tas lesionadas y tratadas con plasma rico en plaqumtaks.
epimysium and endomysium they structure and organize {@hol., 38(5)1392-1397, 2020.
muscle at the same time that transmits the force generated
for tendons and bones. In this sense, it is expected that there RESUMEN : Las lesiones musculares graves son comu-
is a relationship between the non-contractile componentss durante los accidentes y la integridad del musculo esta sujeta a
(composed mainly of col. | and col. 1) and the tenacityna larga recuperacion. En esos casos la cirugia, para la sutura del
which represents the muscle's ability to absorb energy urfifisculo, es el tratamiento comun, no obstante el plasma rico en

. . aquetas (PRP) ha sido utilizado recientemente en lesiones
grealtqn% C:)hr‘_npletily. ?OI' i h_asdaf_%reat Car?IaCIty Itol Srt]ret(gﬁtopédicas, debido a sus factores del crecimiento. El objetivo del
ué 10 ItS thin and not very rigid nibers, while col. AV&studio fue analizar la asociacion de las técnicas de suturay PRP en

larger, parallel and rigid fibers favoring tensile strengthy histologia y tenacidad de musculo lesionado. Fueron utilizadas
although its properties are different, the increase in bo#fy ratas distribuidas en cinco grupos: control (C), control lesién
collagens seen in the histological slides did not alter thieL), lesion y sutura (LS), lesion y PRP (LPRP), lesion, sutura y
muscle's structure. Similar results were observed in the stueiP (LSPRP). Aproximadamente en la lesién, el 50 % de la longi-
of Smith & Barton (2014), in rats with Duchenne dystrophyiid y el 100 % del espesor del misculo gastrocnemio fueron
where the amount of collagen did not alter muscle stiffneggccionados. EI PRP homoélogo fue aplicado 24 horas después de la
in mechanical tests. In addition, other studies (Lieber &S0n- En el 7° dia después de la lesion los animales fueron

) . .. eutanasiados y las muestras fueran sometidas al ensayo mecénico
Ward, 2013; Chapmeet al, 2015) pointed that the quantity para la medicion de la tenacidad y analisis del colageno, para reali-

of collagen crosslinks does not change the stiffness, Onlyitzﬁ' el calculo de la relacién entre los colagenos | y Ill. Los resulta-
Orgar"Zat'On |n the tISSUG COU|d dO |nﬂuence |tS meChar“%S demostraron una reduccién S|gn|f|catM05) en |OS Valo_
capacities. This leads us to believe that the collagen seemd# de la relacion entre los colagenos en todos los grupos lesiona-
the muscles of this research is disorganized and still perforatss en relacion al grupo C. La tenacidad fpe0(05) reducida

a filling function, instead of structural or repairing of thesignificativamente en los grupos lesionados en relacion al grupo
endomysium, perimysium, and epimysium. control, sin diferencia entre los tratados. En la lesién muscular hubo
disminucién de los valores de colageno, aunque en los tratamientos

. . e observo elevacion de la cantidad de colageno en la area lesiona-
In this way, the present study collaborates with th ) 9 ,
a, esta no tuvo efecto en la tenacidad de los musculos que fue

literature when investigating the use of the two recovery.qinuida en la lesion.

techniques (suture and PRP) in the injured muscle tissue.

However, one limitation found was the evaluation of the groups PALABRAS CLAVE: Lesién muscular; Plasma-rico en
in just one time after the injury, this limitation occurred due tplaquetas; Sutura; Colageno.

the number of animals available, which prevented us from

following the evolution of the measures taken.
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