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Öz

Amaç: Bu çalışmada, tavşanlarda kollajenaz (Kollajenaz Tip I) ile oluşturul-

muş aşil tendinopatilerinde trombositten zengin plazma (PRP) ve MPA (me-

tilprednizolon asetat) enjeksiyonlarının terapötik etkilerini histopatolojik 

olarak değerlendirmeyi amaçlamıştır.

Gereç ve Yöntem: Aşil tendinopatisi, 23 tavşanın sağ ve sol aşil tendonlarının 

proksimal ve distal bölgelerine intratendinöz tip I kollajenaz enjeksiyonu ile 

oluşturuldu. Kolajenaz enjeksiyonundan bir hafta sonra, sağ aşil tendonları-

nın distaline PRP ve sol aşil tendonlarının distaline MPA enjekte edildi. Tüm 

aşil tendonlarının proksimal kısımlarına %0,9 serum fizyolojik enjekte edildi. 

Tavşanlar, terapötik enjeksiyonlardan 3, 6 ve 8 hafta sonunda ötenazi edildi. 

Tendonların histolojik dejenerasyon derecesi Modifiye Movin skorlamasına 

göre yapıldı. 

Bulgular: Tedavi grupları ile % 0,9’luk serum fizyolojik enjekte edilen grup 

arasında incelenen tüm dönemlerde istatistiksel açıdan önemli farklılıklar 

tespit (p<0,05) edildi. Altıncı hafta sonunda tedavi grupları arasında tüm pa-

rametrelerde istatistiksel olarak önemli olmayan orta düzeyde iyileşme gözle-

nirken, 8. hafta sonunda MPA uygulaması yapılan tavşanlarla kıyasla PRP en-

jeksiyonu uygulanan hayvanların aşil tendonlarında kollajen ipliklerin paralel 

düzenlenmeleri ve demetleşmenin daha iyi olduğu gözlendi. Ayrıca tedavi 

grupları 8. hafta sonunda karşılaştırıldığında, PRP grubunun vaskülarizasyon 

ve tenosit çekirdek parametrelerinde istatistiksel olarak önemli düzeyde iyi-

leşme gözlendi (p<0,05).

Öneri:  PRP enjeksiyonlarının, MPA enjeksiyonuna göre tendinopati tedavisin-

de daha erken iyileşme sağlayacağı kanısındayız.

Anahtar kelimeler: Aşil tendinopatisi, kolajenaz Tip I, metilprednizolon, PRP, 

steroid

Abstract

Aim: The aim of this study was to evaluate histopathologically the therapeutic 

effects of platelet-rich plasma (PRP) and MPA (methylprednisolone acetate) 

injections in rabbits achill tendinopathies induced by collagenase (Collagena-

se Type I)

Materials and Methods: Achilles tendinopathy was formed with intrathen-

dinous injections of type I collagenase into the proximal and distal regions of 

the right and left achilles tendons of 23 rabbits. PRP was injected distal to the 

right Achilles tendons and MPA to the distal of the left Achilles tendons. A 0,9% 

saline solution was also injected into the proximal parts of all achilles tendons. 

Rabbits were euthanized 3, 6, and 8 weeks after the therapeutic injections. The 

degree of histopathological degeneration of the tendons was made according 

to the Modified Movin scoring.

Results: Statistically significant differences were detected between the tre-

atment groups and the 0.9% saline injected group (p<0.05). In the histopat-

hological evaluations performed at the end of the 6th week no statistically 

significant difference was detected between the treatment groups (p>0.05) 

without tenocyte nuclei (p<0.05). At the end of the 8 weeks vascularization 

and tenocyte nuclei (p<0.05) parameters was observed better in the Achilles 

tendons of the rabbits undergoing PRP injection compared to rabbits with 

MPA application. 

Conclusion: In conclusion, we consider that PRP injections tend to provide 

an earlier improvement in the treatment of tendinopathy compared to MPA 

injection.

Keywords: Achilles tendinopathy, collagenase Type I, methylprednisolone, 

PRP, steroid
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Introduction

In veterinary medicine, tendinopathy and tendon diseases 
generally occur in racehorses. Tendinopathy in horses is 
more common in flexor digitalis superficialis tendons and 
in the forelegs than in the hind legs (Williams et al 2001). It 
is thought that environmental factors such as training chan-
ges, previous injuries, false horseshoes application, working 
on hard, slippery, or inclined grounds are extrinsic factors 
that may predispose Achilles tendinopathy (Luscombe et al 
2003).
High-dose anti-inflammatory agents, hyaluronic acid, stero-
ids, low-intensity ultrasonography, low-frequency infrared 
laser therapies are used in the treatment of tendinopathy. 
Lately, bone marrow-derived mesenchymal stem cells or 
PRP products have been included in the treatment of tendi-
nopathy (Sànchez-Ibàñez et al 2015). PRP is defined as the 
plasma fraction of autologous blood which contains high 
concentrations of platelets (Marx 2001). The use of PRP in 
tissue regeneration is an emerging field for clinicians and re-
searchers. The working mechanism of growth factors relea-
sed by platelets is yet to be discovered. However, PRP has be-
come a practical and easy application in the clinic due to its 
role in reducing the bleeding, bone regeneration, and rapid 
regeneration of tissues. PRP is also known to be important in 
increasing tendon tenoblasts and collagen productions (type 
I and type III) (Klein et al 2002).

The presented study was designed with the hypothesis that 
PRP can provide earlier recovery compared to steroid injec-
tions in the treatment of experimentally induced of rabbits 
Achilles tendinopathy. The results of PRP and methylpredni-
solone acetate injections was determined by histopathologi-
cal evaluation.

Material and Methods

The study material consisted of 24 female and male New Ze-
aland rabbits (about 3-5 kg and an average age of 6 months). 
The study was conducted according to the  Ethics Commit-
tee of Seçuk University Experimental Medicine and Research 
Center, dated 27.04.2018 and numbered 2018/12.

Experimental method

Before starting the study, a sample biopsy was taken from 
one of the Achilles tendons of a rabbit to determined the 
normal tendon structure. Then the rabbit was taken into a 
bandage. To induce tendinopathy to the other Achilles ten-
don of the same rabbit, 0,3 ml of collagenase type I was injec-
ted intratendinously. One week after collagenase injection, 
a biopsy sample was taken from this Achilles tendon. The 
sections taken from the right and left achilles tendons were 
evaluated microscopically in terms of normal and tendino-
pathic tendon structure model after stained with Crossmon's 
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triple (Culling et al 1985a) and Hematoxylin-Eosin staining 
methods (Culling et al 1985b). 

Induction of inflammation in tendons and surgical procedure

A total of 23 rabbits were induced for general anesthesia 
with 5-10 mg/kg xylazine hydrochloride (Xylazin Bio® 2%, 
Bioveta, xylazin hydrochloride, 23.32 mg/mL) and 35-50 
mg/kg ketamine hydrochloride (Ketasol® 10% (Ritcher 
Pharma, ketamine hydrochloride 100 mg/mL) injected in-
tramuscularly. On the posterior face of both hind legs at the 
level of the Achilles tendon, the part from the knee joint level 
to 1-2 cm distal to the tuber calcanei was shaved to include 
the lateral and medial surfaces. Following the disinfection of 
the operation site, skin incisions were made directly on the 
Achilles tendon. Then, subcutaneous connective tissue and 
tendovagin of the achilles tendon were incised (Figure 1b). 
To the right and left Achilles tendon of the rabbits, at the 0.5-
1 cm and 2.5-3 cm area in the proximal to the calcaneus, 0.3 
mL collagenase type I enzyme was injected intratendinously 
(Collagenase Type I Sigma-Aldeich Co. Ltd, St, Louis, MO, USA 
SCR103, produced from Clostridium histolyticum) (Perucca 
Orfei et al 2016, de Cesar Netto et al 2018) (Figure 1c).

Tendovagina and subcutaneous connective tissues were 
sutured with 4/0 P.G.A. continuous stitching (Alcasorb®, 
Katsan Katizasyon Sanayi ve Ticaret a.ş.). The skin was closed 
with simple stitches 3/0 P.G.A. (Figure 1d). For postoperative 
pain relief, Paracetamol (Atabay Parol Plus, 50 mg/5mL) oral 
suspension was given at the dose of 300 mg/kg after the op-
eration. Daily examinations and dressings of the operation 
area were performedin the following days. Sulfadoxin-tri-
methoprim was injected at a dose of 30 mg/kg to prevent the 
possible post-operative infections. Then, the animals were 
placed freely in separate cages. As antibiotics, Bakteral® 
(Sulfadoxin Trimethoprim 24%, Topkim Topkapı İlaç Premık 
San. Tic. A.S.) injectable suspension was injected at the dose 
of 48 mg/kg subcutaneously twise a day.

Preparation of platelet-rich plasma (PRP) and surgical pro-
cedure

After the collagenase injection, 5 rabbits died due to the 
anesthesia. The remaining 18 rabbits were randomly divided 
into 3 groups. After a week of the waiting period, as the rab-
bits were under general anesthesia, as in the previous pro-
cedure. To prepare PRP, 5-7 mL of blood was collected from 
the ear vein of each rabbit into the syringe containing 1.5 mL 
of ACD (Acid Citrate Dextrose). The blood was then transfer-
red to Genesis PRP tubes (15:55:35 Genesis Autologous Cell 
System 2 branded PRP (15mL) preparation kits) and cent-
rifuged at 1700 G (RCF) for 5 minutes. After centrifugation, 
PRP was obtained. 0.5 ml PRP distal to the right achilles ten-
dons, 0.3 mL MPA (Prednol-L® 250 mg, methylprednisolone 
acetate, Mustafa Nevzat, Turkey) at a dose of 2.33 mg distal 
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to the left achilles tendons, and 0.5 mL 0.9% saline to both 
tendons proximally were injected. Treatments and control 
injections were made as a single dose. Tendovagina, subcu-
taneous tissue and skin closed as described previously. The 
extremities were then dressed and the dressings were chan-
ged daily.

Collection and processing of tissue samples

At the end of each experimental period of 3, 6, and 8 we-
eks, the rabbits, were euthanased under general anesthesia, 
with administered injected intracardiac 75-150 mg/kg of 
10% KCL (Potassium Chloride® ISOLAB chemicals) (Saxena 
1988). Achilles tendons of rabbits were dissected after eut-
hanasia. Tissue samples for histopathological evaluations 
were fixed in a 10% buffered formol-saline (pH 7.4) solution, 
followed by routine histological methods and then blocked 
in paraffin. Crossmon's triple staining method (Culling et al 
1985a) and Hematoxylin-Eosin staining methods were app-
lied to 6 μm thick sections taken from Paraffin blocks using 
Leica RM2125RT model microtome (Culling et al 1985b). 
Stained tissue samples were evaluated under Leica DM-2500 
model light microscopesuited with the DFC-320 model ca-
mera attachment, scored according to the modified Movin 
Scoring System (Table 1) (Maffulli et al 2000; Minkwitz et al 
2017). Digital images of the required regions were recorded.

Statistical analyses

SPPS 25 (IBM Corp. Released 2017. IBM SPSS Statistics for 
Windows, Version 25.0. Armonk, NY: IBM Corp.) statistical 

package program was used to evaluate the data. Mean ± stan-
dard deviation, median (maximum-minimum) percentage, 
and frequency values were used to express the results. The 
suitability of the data for repeated measures variance analy-
sis was evaluated by Mauchy’s Sphericity Test and Box-M 
Variance Homogeneity Test. For comparisons of means, one 
of the factors in factorial order was the repeated measures 
variance analysis. If parametric tests (repeated measures va-
riance analysis in factorial order) did not meet the prerequ-
isites, one of the Greenhouse-Geisser (1959) or Huynh-Feldt 
(1976) tests with a degree of freedom correction were used. 
Multiple comparisons were made with the corrected Bonfer-
roni test. For the significance level of the tests, p < 0.05 value 
was accepted.

Results

The stained tendon tissue samples of a rabbit without colla-
genase enzyme treatment were evaluated as a control. In the-
se sections, it was observed that the collagen bundles were 
tightly packed, stained blue-dark blue with aniline blue, and 
arranged parallel to each other. Few small diameter vessels 
were parallel to the long axis of the collagen bundles. As fat 
cell accumulations were not detected, tenocytes were seen in 
their flat and shuttle shapes (Figure 3a).

The tendon sections taken 1 week after the collagenase type 
I application of the rabbit was used as a reference to the 
tendinopathy model. The damaged tissue section revealed, 
under a light microscope, degenerations in collagen fibers, 
decreased collagen stainability, hypercellularity, neovascula-

Figure 1. a) Establishing the Achilles tendon line and performing skin incision b) Defining the Achilles tendon, c) Injecting collagenase type 
I enzyme intratendinous d) Suturing the incision line after the procedure
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rization, tendon cell nuclei, and fat cell densities (Figure 3b).
At the end of the 3rd week of treatment, the histological exa-
mination showed that in the saline-treated group, the layout 
and structure of the fibers disappeared in both right and left 
achilles tendon sections. The collagen staining property was 
significantly reduced. The inflammatory reactions, which 
displayed an increase in cellular elements, were severe. The 

fat cell defined as the tendolipommatous between the colla-
gen strands were observed, and a large number of hypere-
mic blood vessel assembled within irregular locations indi-
cating to angiofibroblastic activity between the strands were 
significantly compared to the tendon sections obtained from 
the groups where PRP and MPA treatment procedures were 
applied (Table 2 and Table 3) (Figure 2). 

Table1. Modified Movin scoring system

Parameter Stain 0 1 2 3

Collagen fiber 
structure

HxE, 
Crossmon’s 
triple staining

Collagen bundles 
packed tightly

Collagen bundles 
slightly separated

Collagen bunch 
structure is 

moderately lost

Tendon 
structure is 

completely lost

Collagen fiber 
arrangement

HxE, 
Crossmon’s 
triple staining

Collagen fibers 
parallel to each 

other

Collagen fibers 
parallel to each other, 
but there is slight 

fluctuation

Collagen fibers 
maintain its 
parallelism, 
but the wavy 
appearance is 

quite evident and 
there are threads 
cross-over each 

other

Collagen fibers 
have completely 

lost their 
parallelism

Collagen 
stainability

Crossmon’s 
triple staining Dark blue Blue Light blue Pale blue

Tenocyte nuclei 
shape

HxE, 
Crossmon’s 
triple staining

Long spindle shape 
cells Slightly rounding Moderately 

rounding
Severely 
rounding

Cellular density
HxE, 

Crossmon’s 
triple staining

Normal pattern Slightly increase Moderately 
increase.

Severely 
increase

Vascularity
HxE, 

Crossmon’s 
triple staining

The blood vessels 
are only between 
the bundles and 
parallel to the long 
axis of the bundles

There are some 
vessels in the tissue

Several sets of 
vessels.

There are many 
and extremely 
hyperemic 
vessels.

Fat cells density
HxE, 

Crossmon’s 
triple staining

There are almost no 
fat cells between the 

collagen fibers

There are only a few 
fat cells

There are some 
fat cells between 
the collagen fibers

Numerous 
fat cells are 
collected 

between the 
collagen fibers

Zamirbekova and YavruCollagenase induced tendinopathy in rabbit

Eurasian J Vet Sci, 2021 37, 2, 82-92



86

Figure 2. Collagen fiber structure, collagen fiber arrangements, collagen stainability, tenocyte nuclei shape, cellular density, vascularity, and fat cell 
infiltration values of the groups by weeks
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Table 2. Collagen fiber structure, collagen fiber arrangements, and collagen stainability values among the 
groups in each experimental period (Mean ± Std deviation)

%0.9 saline PRP MPA

Fiber structure 2.71±0.488Aa 1.86±0.378B 2.14±0.378B

6th week 2.60±0.548Aa 1.80±0.447B 2.00±0.707B

8th week 2.17±0.408Ab 1.33±0.516B 1.67±0.516B

Fiber arrangements

3rd week 2.71±0.488Aa 1.71±0.488Ba 2.00±0.000B

6th week 3.00±0.000Aa 1.60±0.548Bab 2.20±0.837B

8th week 2.25±0.408Ab 1.17±0.408Bb 1.67±0.516B

Collagen stainability

3rd week 2.43±0.787A 1.57±0.535B 1.71±0.488AB

6th week 2.20±0.447A 1.60±0.548B 2.00±0.707AB

8th week 1.83±0.408 1.67±0.516 1.50±0.548
A. B: Different letters in the same line are statistically significant (p<0.05. Corrected Bonferroni Test)

a. b: Different letters in the same column are statistically significant (p<0.05. Corrected Bonferroni Test)

Table 3. Tenocyte nucleus, cellular density, values of vascularity, and fat cell density among the groups in 
each experimental period  (Mean ± Std deviation)

%0.9 saline PRP MPA

Tenocyte nucleus 2.29±0.488Aa 1.57±0.535Ba 1.57±0.535Ba

  6th week 1.60±0.894Ab 1.00±0.000Ba 1.20±0.447Aab

   8th week 1.00±0.000Ac 0.000±0.000Bb 0.50±0.548Ab

Cellular density

3rd week 2.43±0.787Aa 1.57±0.535Ba 1.57±0.535Ba

6th week 2.00±0.707Aa 1.00±0.00Ba 1.00±0.00Bab

8th week 0.67±0.516Ab 0.17±0.408Bb 0.50±0.548ABb

Vascularity

3rd week 2.71±0.488Aa 2.00±0.816Ba 2.43±0.535ABa

6th week 1.80±0.447b 1.20±0.447b 1.60±0.548b

8th week 1.33±0.816Ac 0.00±0.00Bc 1.00±0.632Ab

Fat cell density

3rd week 2.57±0.787Aa 1.71±0.488Ba 1.71±0.756Ba

6th week 1.60±0.548b 1.00±0.00ab 1.00±0.707ab

8th week 1.83±0.983Ab 0.17±0.408Bb 0.67±0.816Bb
A. B: Different letters in the same line are statistically significant (p<0.05. Corrected Bonferroni Test).

a. b: Different letters in the same column are statistically significant (p<0.05. Corrected Bonferroni Test).
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Figure 3. a) Achilles tendon without collagenase treatment, collagen fibers are arranged parallel to each other, dyed and stained blue-dark blue 
tone with aniline blue. Arrows: Small diameter vessels, located parallel to the long axis of the collagen bundles. Triple staining. b) An achilles 
tendon treated with collagenase shows a highly undulating appearance of collagen strands, the staining of collagen with a pale blue color, the 

presence of vessels, and multiple fat cells between the collagen fibers. Yellow arrows: Fat cells. Red arrows: Veins. Triple staining.

Figure 4. a) In the PRP-treated group at the end of the third week after collagenase application, the irregularly located vessels werefew 
and small in a cross-section taken from the right foot achilles tendon; the collagen fiber structure and collagen stainabilitywere better. 
Arrows: Veins. b) In the MPA treated group at the end of the third week collagen stainability was preserved in a section taken from the 
left foot Achilles tendon, but the collagen after collagenase applicationstructure and arrangementswere impaired and vascularity was 
increased. Arrows: Veins. c) In thePRP-treated group after the collagenase application, the right foot achilles tendon showeda prominent 
improvement in fiber structure and arrangements at the end of the sixth week. Triple staining. d) In the MPA-treated group after the 
collagenase application, the left foot Achilles tendon showed an improvement in the collagen bundles at the end of the sixth week, but 
healing was remarkable. e) In thePRP-treated group after the collagenase application, the right foot Achilles tendon showed that collagen 
bundles were arranged parallel to each other at the end of the eighth week. f) In theMPA-treated group after the collagenase application, 
the left foot Achilles tendon showed a significant improvement in fiber structure and arrangements at the end of the eighth week. Triple 

staining.
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In the MPA-treated tendon sections after the collagenase 
application, collagen stainability was preserved, increase 
in cellular elements were moderate, while it was observed 
that many irregularly located and relatively large diameter 
blood vessels were noticed, and the fiber structure and la-
yout were disturbed (Figure 4 and Figure 5). It was noted 
that in the PRP-treated tendon sections after the collagenase 
application, the collagen stainability, the fiber structure and 
inflammation were found to be better than those of the other 
groups (Figure 4 and Figure 5). Concerning the long axis of 
the collagen fibers, irregularly located vessels were found to 
be both small in number and smaller in diameter (Figure 5).

Besides, the tenocyte nuclei in the saline-treated tendon sec-
tions were oval-round shaped (Table 2) (Figure 1). Taken 
into accounts all the parameters evaluated, there was no sta-
tistical difference between the treated groups (p>0.05).
At the end of the 6 and 8 week, significant improvements 
in the fiber structure, the fiber layout, collagen stainability, 
tenocyte nucleus shape, inflammatory reaction, tendolipom-
matous, and angiofibroblastic activity in all tendon sections 
obtained from animals in the treatment groups were note-
worthy (Figure 4). While these improvements were more 
advanced especially in the PRP-treated animals, the parallel 
arrangements of the collagen bundles were comparable to 
that of healthy tendons (Figure 4).
There was a statistically significant outcome in the tenocyte 
nucleus and angiofibroblastic activity parameters in the PRP 

group (p<0.05) (Figure 5). However, collagen fiber structure, 
arrangements, and collagen stainability were not different 
among the treatment groups (p>0.05). Although the cellular 
elements and fat cell densities were rarely seen in the PRP-
treated group, there was no statistically significant differen-
ce against the MPA-treated group (p>0.05).

Discussion

This study was designed to investigate the hypothesis that 
PRP treatment may provide an earlier recovery compared to 
MPA injections in the treatment of experimental achilles ten-
dinopathy induced with collagenase application in rabbits. 
The histology findings provide an earlier recovery of PRP 
injection of the experimentally collagenase induced tendino-
pathy treament in this rabbit model than MPA injections.

In this study, the observations in the rabbit used for the cont-
rol tendinopathy model were compatible with the microsco-
pic findings specified in the earlier studies for tendinopathy 
induced by the application of collagenase type I (Movin et al 
1997, Orfei et al 2016).

In the present study, PRP and MPA were injected immediately 
after the induction of tendinopathy. In the histopathological 
examinations, at the end of 8 weeks, it was observed that 
the PRP-treated group had improved collagen fibers struc-
ture and layout (Figure 4) and parallel structures of collagen 

Figure 5. a) A cross-sectional inflammatory reaction in the left foot Achilles tendon at the end of the third weekwas observed in a section that was treated 
with MPA after the application of collagenase and taken from. Arrows: Veins. Hematoxylin / Eosin staining. b) A weak inflammatory reaction was observed 
in a section that was treated with PRP after collagenase application and taken from the right foot achilles tendon at the end of the third week. Hematoxylin 
/ Eosin staining. c) The inflammatory reaction, fat cell accumulation, and angiofibroblastic activity disappear almost completely in the PRP group at the 
end of the sixth week. Hematoxylin / Eosin staining. d) İn the MPA group the severity of the inflammatory reaction was weakened at the end of the sixth 

week, but angiofibroblastic activity was still present. Arrows: Veins. Hematoxylin / Eosin staining.
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bundles were similar to healthy tendon structure. However, 
when the normal tendon collagen structure was evaluated 
as “0” according to the Modified Movin Scoring criteria, the 
collagen fibers were not observed to reach completely to 
the normal structure within 8 weeks (Table 2). Faisal et al. 
(2019) investigated the effect of early and delayed injections 
of PRP on the regulation of collagen fibers in experimental 
Achilles tendon damage. As a result, they found that there 
was no significant difference in receiving PRP either at early 
or late stages of the damage. 

Therapeutic mechanisms of glucocorticosteroids are, unlike 
PRP, to eliminate pain in damaged tissue by reducing inflam-
mation in the region (Smidt et al 2002). Glucocorticostero-
ids are used as pain relievers and/or antiinflammation in a 
wide range of musculoskeletal disorders, such as osteoart-
hritis, inflammatory arthritis, tenosynovitis, tendinopathy, 
and degenerative spinal disease. Evidence for the clinical 
efficacy of glucocorticosteroids is contradictory. In many stu-
dies (Arroll et al 2004) it is stated that glucocorticosteroids 
generally have a short-term relief effect. In another clinical 
study (Coombes et al 2013), most patients injected with glu-
cocorticosteroids in the treatment of epicondylitis recurred 
after 1 year. In their experimental study, Hugate et al. (2004) 
showed that the corticosteroid injected in the Achilles ten-
don and the bursa adversely affected the biomechanical pro-
perties of the tendons of the rabbits. Besides, local steroid 
injections were shown to cause tendon rupture in many ca-
ses (Nichols 2005).

Previous studies also reported that steroids decreased the 
viability of tail and patellar cells and suppressed cell prolife-
ration in rat tendons (Scutt et al 2006). In the present study 3 
weeks after the MPA injection, suppression in the tendon cell 
proliferation was not observed. A decrease in the number of 
tendon cells was evident in the tendon sections examined in 
the 6th and 8th weeks. The structure and layout of the fiber 
were not completed within the 8-week treatment period and 
that the collagen strands maintained a more fluctuating ap-
pearance compared to the PRP group during the study. It is 
considered that the absence of tightly packed bundles and 
parallel structures of collagen fibers in the 6th and 8th we-
eks of the study may have resulted from the mechanisms by 
which steroids reduce the viability of tenocyte cells in the da-
maged region. However, no tendon rupture occurred in the 
MPA-treated group during the experimental period. 

Stainability of collegen structure appears as dark blue in 
triple staining preparations. However, degenerated colla-
gen losses its staining capacity and the color becomes pale 
(Movin et al 1997). In this study saline-treated group almost 
completely lost the stainability of the collagen and was dyed 
in pale blue color (Table 1).

The extracellular matrix, long tenoblasts, and collagen-pro-

ducing tenocytes extending between the collagen fibers 
formed the cellular structure of the tendon (Kannus 2000). 
There is an increase in these cells during the proliferation 
phase of the tendon healing process (Khan et al 1998). More-
over, morphological changes in the rounding of the tenoblast 
nuclei are associated with the regulation of the metabolism 
of these cells for the production of the extracellular matrix 
(Dahlgren 2007). At the end of the maturation stage of ten-
don healing, the number of tenocyte cells decreases (Hooley 
et al 1979). Takamura et al. (2017) investigated histologi-
cally the healing effects of PRP in the rabbit and found that 
the migration of tenoblasts increased both in the control and 
treatment groups in the first week after the PRP treatment 
in the Achilles tendon. In the 3rd and 4th weeks of the study, 
it was found that the nucleus of the group treated with PRP 
started to take shuttle-like shape along with the decrease in 
the number of tenoblasts. In another study by Gonzalez et al. 
(2016) the treatment of collagenase-formed achilles tendi-
nopathy models with the leukocyte-deficient PRP helped te-
noblast nuclei reach their normal morphological forms after 
12 weeks in rabbits. 

In this study, a high degree of rounding in the tenoblast nuc-
lei and a relative increase in the number of tenoblasts were 
determined in the saline-treated group after 3 weeks. In the 
tendon sections of the PRP-treated group, it was observed 
that the tenoblasts began to decrease and the nuclei began to 
grow at the end of the 6th week and the decrease in the num-
ber of tenoblasts continued and the nuclei took the form of 
the normal shuttle at the end of the 8th week (p<0.05). When 
the tendon sections of the MPA-treated group was evaluated 
at the 6th week, the decrease in the number of tenoblasts and 
the shuttle shape of the nucleus was found to be less than the 
PRP tendon sections. The reduction of tenoblasts in the PRP 
group and the return of the tenoblast nuclei to the shuttle 
form were interpreted as the recovery to the remodeling sta-
ge of the tenoblasts reached the maturation stage of tendon 
tissue healing earlier than the other groups and therefore the 
extracellular matrix and collagen synthesis of the tenoblasts 
were decreased. 

Angiogenesis the earliest events of wound healing help mig-
rate inflammatory cells and tenoblasts to the wounded area 
and cells accumulate mostly in the perivascular region and 
are scattered in a small amount throughout the tissue (Ah-
med et al 1998, Millar et al 2010). In tissue biopsies with 
tendinopathy, irregular hypervascularity and thick-walled 
vascular groups have been reported, and in some regions, 
the vessels have a nodular appearance while others are per-
pendicular to collagen fibers (Aström et al 1995, Chen et al 
2011). In addition, some researchers indicate that hypervas-
cularization in chronic tendinopathy can contribute to the 
pain and chronicity of the disease (Fenwick et al 2002). This 
study, an increase in large-scale hyperemic vessels in the ten-
don sections was observed in the tendon sections examined 
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at the end of the 3rd week in the saline- and MPA-treated gro-
ups. In the tendon sections examined after 3weeks of the tre-
atment period in the PRP-treated group, it was observed that 
the vessels were small in numbers and their diameters were 
smaller than that of the other groups. In this study, hypere-
mic vascular structures were not observed in the tendon sec-
tions examined at the end of the 8th week of the PRP-treated 
group whereas tendon sections in the MPA-treated group 
had large vessels. In the 8th week when the study was termi-
nated, the fact that the vascularization in the tissue samples 
of the PRP-treated group showed similar results to the nor-
mal tendon structure was interpreted as PRP shortening the 
inflammation phase of healing and accelerating the tendon 
proliferation and remodeling phase (Table 2).

Adipose cell accumulation was found in patients with Achil-
les tendinopathy and partial or complete rupture in Achilles 
tendon fibers (Hoffmann et al 2011). Fat cell accumulation 
prevents the tissue repair process by causing the release 
of local pro-inflammatory cytokines such as tumor necro-
sis factor-alpha (TNF-α) in the fat cells, muscle, and tendon 
tissue. Accordingly, inflammation has been found to disrupt 
normal blood flow in the muscle and activate lipolytic path-
ways to cause an increase in intracellular glucose concentra-
tion subsequently resulting in insulin resistance (Addison et 
al 2014). In the present study, fat cells accumulated within 
collagen fibers were found not only in the chronic stage of 
tendinopathy, but also in the inflammatory stage of tendino-
pathy healing. In the tendon sections from the saline-treated 
group, density of cell infiltrations were found to be severe at 
the end of the 3rd and 6th week, but moderate at the end of 
the 8th week. Three weeks after the treatment of tendon sec-
tions with PRP and MPA, moderate levels of adipose cell ac-
cumulation were observed while these accumulations were 
less frequent in the PRP-treated group at the end of the 8th 
week (p<0.05) (Table 3). 

Conclusion

In conclusion, 8 weeks after tendinopathy, histopathological 
examination showed that PRP injections provide an earlier 
improvement in the treatment of experimental tendinopathy 
compared to steroid injection. In this study, the limitations 
were that the Achilles tendinopathy model was experimen-
tally induced and not formed naturally, the duration of the 
study was limited to 8 weeks so that further studies are war-
ranted to investigate PRP applications regarding the timing 
of the injections, the amount of PRP, the frequency of the 
applications, its follow-ups in the settings of experimentally 
induced and controlled clinical studies.
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