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Peritendinous adhesion is one of the most important ABSTRACT

factors that decrease treatment success after tendon

repair. Peritendinous adhesions are the fibrous Objectlve§: In this experlmen.tal st.udy, we aimed to investigate

bands that form between the injure d tendon and the efffzctlveness of oFal pirfenidone (PFD). treatment on
. . .. . preventing tendon adhesion and tendon healing in rats.

the surrounding tissues and limit the motion of

h d Th icularl b d af Materials and methods: A total of 21 rats were assigned
the tendon. ey are particularly observed after into three groups including seven rats in each group. In

tendon repairs in the hand. Although improvements Group 1 (sham group), no surgical procedure was performed.
in tendon repair techniques and postoperative In Group 2 (control group), tendon repair was performed
rehabilitation programs have reduced adhesion rates following right achillotomy. In Group 3 (treatment group),
in tendon surgery, a significant adhesion rate still the rats also underwent tendon repair after right achillotomy.

Additionally, 30 mg/kg of oral PFD was initiated from the
postoperative Day 1 and administered via gavage for 28 days.

Peritendinous adhesions are associated At the end of the study, tendon healing and fibrosis levels
with functional losses, temporary or permanent in the tendon repair site were compared macroscopically,

workforce losses, psychological complications due to histopathologically, and immunohistochemically among the
groups.

Results: Macroscopically, moderate and severe adhesions
were observed in four and three rats, respectively in the
control group, while no adhesion was found in four rats

continues.?
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in the treatment group (p<0.01). Immunohistochemically,
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significantly decreased in the treatment group compared to
the control group.

Conclusion: Our study results indicated that PFD decreased
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defects in daily life and financial problems. To date,
many studies in the literature have addressed the
prevention of tendon adhesions. Various chemical
(5-fluorouracil, tranexamic acid) and biological
(amniotic membrane) materials have been used to
prevent adhesions in tendon repair.®® Currently,
there is no product that is routinely used for the
prevention of tendon adhesions.

Tendon healing occurs with extrinsic and intrinsic
mechanisms. In the extrinsic mechanism, fibroblasts,
inflammatory cells and veins migrate from the
surrounding sheath and peritendinous tissue. In the
intrinsic mechanism, active tenocytes originating
from the epitenon and endotenon and intratendinous
vascularization play a role in healing.! Extrinsic
healing is responsible for adhesion formation via the
increased intensity of fibroblasts and inflammatory
cells, accumulation of excessive and disorganized
collagen, and intense water content. On the
other hand, intrinsic healing is responsible for
reorganization of collagen fibers and maintenance of
collagen fibrillar continuity.”8

Pirfenidone (PFD) is a drug with anti-fibrotic and
anti-inflammatory properties and is currently used
in the treatment of idiopathic pulmonary fibrosis.
A number of cell-based studies have shown that PFD
reduces fibroblast proliferation and inhibits collagen
production by inhibiting the production of fibrogenic
mediators such as transforming growth factor-beta
(TGF-B).’" Pirfenidone has also been shown to
reduce the production of inflammatory mediators
such as tumor necrosis factor-alpha (TNF-a) and
interleukin (IL)-1 beta (IL-1p) in both cultured cells
and isolated human peripheral blood mononuclear
cells.t?

Previous studies have suggested that PFD
can prevent the formation of fibrotic lesions and
inhibit the formation of fibrosis after tissue injuries.
Therefore, it has been used experimentally to prevent
abdominal adhesions, epidural fibrosis, and keloid
formation."* In the present study, we aimed to
investigate the effectiveness of oral PFD treatment
on preventing tendon adhesion and tendon healing
in rats.

MATERIALS AND METHODS

In the study, 21 adult rats weighing between 200 and
250 g were used. The animals were kept at optimal
laboratory conditions for 12-h light and 12-h dark
cycle at 22°C room temperature. In addition, the
animals were given access to standard laboratory
pellet and water ad libitum.
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Experimental groups

The animals were randomly selected and divided
into three groups including seven rats in each group.

Group 1 (sham group): No surgical procedure was
performed to the rats in this group and no drug was
administered.

Group 2 (control group): Right achillotomy and
primary tendon repair were performed to the rats in
this group.

Group 3 (treatment group): Right achillotomy and
primary tendon repair were performed to the rats in
this group. Additionally, 30 mg/kg of oral PFD! was
initiated via gavage method from Postoperative Day 1
and was administered via gavage for 28 days.

Surgical technique

All the invasive procedures were implemented
under general anesthesia. General anesthesia was
achieved by intraperitoneal administration of
50 mg/kg of ketamine hydrochloride (10% Alfamine®
Atafen, Izmir, Tiirkiye) and 10 mg/kg of xylazine
(2% Rompun® Bayer, Istanbul, Tiirkiye). After the rats
were evaluated regarding deep anesthesia applying
finger gripping test, the right legs of the rats were
shaved and the right lower extremity was stained
with povidone-iodine 10% (Betadix; Naturel Medical,
Istanbul, Tiirkiye) to create a sterile surgical site.
The rats were positioned appropriately, and sterile
staining and covering were applied. Following skin
incision, the right Achilles tendons of the rats were
exposed and paratenon was opened. The Achilles
tendon was cut transversely with full thickness 0.5 cm
upward from calcaneus using a size No. 15 surgical
blade. The proximal and distal ends of the cut tendon
were repaired end-to-end with the modified Kessler
suture technique (a core suture) using 4-0 round
polydioxanone (PDS) material. Then, tendon repair
was strengthened with epitendinous suture technique
using 5-0 round polypropylene suture material, and
surgery was terminated with skin suturing. During
the postoperative period, no splinting was performed
to protect the repaired tendons due to technical
difficulty. Cefazolin sodium 15 mg/kg (Eqizolin;
Tum Ekip Pharmaceuticals AS, Istanbul, Tiirkiye) was
administered intraperitoneally for three days in the
postoperative period to reduce the risk for wound site
infection in all the rats.

On postoperative Day 28, all subjects were given
anesthesia via intraperitoneal administration of
50 mg/kg of ketamine hydrochloride and 10 mg/kg
of xylazine. A surgical entry was made through the
previous incision site and macroscopic examination
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TABLE |

Criteria described by Turner et al.l'” for microscopic evaluation of tendon healing grading system

Histological tendon healing grading system

Grade Points  Description of tendon healing

Excellent 0

Good 1

significant adhesions to the epitenon
Fair 2

epitenon.
Poor 3

Reestablishment of tendon continuity with smooth epitenon
Apposition of wound margins with regular intratendinous collagen and epitenon disorganization, but no

Apposition of wound margins with irregular intratendinous collagen, often interrupted by adhesions to the

Complete deterioration of the repair site due to adhesions

of the tendon repair and fibrosis levels in the
tendon repair site was performed. Then, the right
Achilles tendons of the rats were totally detached
for histopathological and immunohistochemical
examination. At the end of the procedure, all the rats
were sacrificed with cervical dislocation.

Macroscopic examination

Semi-quantitative  grading system was
used to analyze the severity and extent of the
peritendinous adhesion based on the surgical
findings. This grading system was divided
to five levels. Grade 1, no adhesion; Grade 2,
filmy adhesion (separable with blunt dissection);
Grade 3, slight (separable with sharp dissection);
Grade 4, moderate (adhesion field of 35 to 60%);
and Grade 5, severe (adhesion field >60%).11 All
macroscopic examinations were performed by a
researcher who was blind to the group allocation.

Histopathological examination

The detached tendon tissue was fixed in 10%
formaldehyde solution and prepared as paraffin block
after routine histological tissue monitoring stages.
The 5 um sagittal sections in thickness taken from
the paraffin blocks were stained with hematoxylin
and eosin (H&E) staining method to examine the
probable pathological changes in the tissue and
masson-trichrome (MT) staining method to assess the
collagen fiber rate.

Histologically, tendon healing grading system
used by Turner et al' was utilized to assess the
level of tendon healing, while the grading system
described by Tang et al.'”! was used to assess the
severity of adhesion formation in the peritendinous
field (Tables I and II). An experienced histopathologist
carried out the histological examination as a blind
observer without having any information about
tendons.

Immunohistochemical analysis

Expressions of collagen I and collagen III in
the granulation tissue were determined by
immunohistochemical analysis. In addition,
proliferating cell nuclear antigen (PCNA) expression
to determine fibroblast cell proliferation, which plays
an important role in tendon healing and vascular
endothelial growth factor (VEGF) expression to
determine angiogenesis density were evaluated. The
sections taken for immunohistochemical analysis
were deparaffinized and rehydrated. The slides
were exposed to 3% H»O» to prevent endogenous
peroxidase activity. These were heated in citrate
buffer (pH: 6.0) twice to avoid antigen masking in

TABLE Il

Criteria described by Tang et al.'"! for microscopic
evaluation of peritendinous adhesion grading system

Points features of adhesion
Quantity
0 No apparent adhesions
1 A number of scattered filaments
2 A large number of filaments
3 Countless filaments
Quality
0 No apparent adhesions
1 Regular, elongated, fine, and
filamentous
2 Irregular, mixed, shortened, and
filamentous
3 Dense, not filamentous
Grading of adhesions
0 None
1-2 Slight
3-4 Moderate
5-6 Severe
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nucleus and incubated in Ultra-V-Block and, then,
incubated with collagen I (Bioss, bs-10423R, 1:300),
collagen III (Bioss, bs-0948R, 1:300), PCNA (Santacruz,
sc-25280, 1:100), and VEGF (Bioss, bs-0279R, 1:300)
primary antibodies at +4°C for overnight. Then,
the sections were washed with phosphate-buffered
saline (PBS) and incubated in biotinylated secondary
antibody and streptavidin-peroxidase, respectively.
After the sections were stained with chromogen
diaminobenzidine and counterstaining Mayer’s
hematoxylin, they were examined under a light
microscope. They were analyzed and photographed
using cellSens software imaging systems (Olympus,
Tokyo, Japan) in a light microscope (Olympus BX53,
Tokyo, Japan). For immunohistochemical evaluation,
it was scored according to intensity indices of the
brown color.

Statistical analysis

Statistical analysis was performed using
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FIGURE 1. The macroscopic view of tendon adhesion. (a) Control group, (b) treatment group.

the SAS version 9.4 software (SAS Institute, NC,
USA). Descriptive data were expressed in
mean + standard deviation (SD) or number and
frequency, where applicable. The Shapiro-Wilk test
was used for the assumption of normality of the data.
Immunohistochemical differences among the groups
were evaluated using one-way analysis of variance
(ANOVA) and the Duncan’s post-hoc test. The Mann-
Whitney U test was used to analyze the differences
between two groups for histological assessment
and macroscopic adhesion. A p value of <0.05 was
considered statistically significant.

RESULTS

Macroscopic examination of the adhesions

In the control group, moderate and severe adhesions
were observed in four and three rats, respectively. In
the treatment group, no adhesion was found in four
rats, while filmy adhesions were observed in three

TABLE Il
Macroscopic adhesion results of the groups

Macroscopic adhesion*

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Control 0 0 0 4 3
Treatment 4 3 0 0 0

* p<0.01.
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FIGURE 2. Hematoxylin and Eosin staining of representative longitudinal sections of tendon healing (x400).
(b) control group, (¢) Treatment group.

(b) control group, (c) treatment group.

rats (Figure 1, Table III). There was a statistically
significant difference in the macroscopic examination
of the adhesions between the control and treatment
groups (p<0.01).

Histopathological findings

Sagittal sections stained by H&E and MT
revealed that collagen fibers increased in the control
group and showed a disorganized pattern, whereas
collagen fibers decreased in the treatment group
and collagen fiber integrity showed a more regular
formation (Figure 2). Histologically, the healing
level of the tendons and severity of peritendinous
adhesions were evaluated based on the groups

(Figure 3, Table IV). The treatment group was
statistically significant in terms of tendon healing
and tendon adhesions compared to the control
group (p<0.01).

Immunohistochemical findings

The highest value in terms of collagen I was in
the sham group and the lowest value was in the
treatment group (p<0.05). In terms of collagen III,
VEGF and PCNA, the highest value was observed
in the control group, while the lowest value was
obtained in the sham group (p<0.05). The difference
among the groups was significant for collagen I
(p<0.01), collagen III (p<0.001), VEGF (p<0.001), and

TABLE IV

Histological results of tendon healing and tendon adhesion

Histological assessment

Tendon healing*

Tendon adhesion**

Excellent Good Fair None Slight ~ Moderate  Severe
Control 0 6 1 0 0 3 4
Treatment 5 2 0 3 4 0 0

* p<0.01; ** p<0.01.
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FIGURE 4. Immunohlstochemmal images of collagen |, collagen Ill, VEGF and PCNA expressmns in the

tendon of rats (x400).
VEGF: Vascular endothelial growth factor; PCNA: Proliferating cell nuclear antigen.

Ach|lles

TABLE V

ANOVA and post-hoc (Duncan) test results for collagen |, collagen lll, VEGF, and PCNA

Groups Collagen I Collagen III VEGF PCNA
Mean+SD Mean+SD Mean+SD Mean+SD

Sham 108.20+12.48* 25.20+5.68¢ 8.60+2.70¢ 21.20+6.18¢
Control 88.20+14.03" 77.20+15.11* 29.60+5.41* 95.60+13.69*
Treatment 68.80+7.66¢ 58.60+12.16° 17.60+5.18° 51.40£11.85°
4 * kek ek ek
ANOVA: Analysis of variance; VEGF: Vascular endothelial growth factor; PCNA: Proliferating cell nuclear antigen; * p<0.01
#% p<0.001; a, b, ¢: Values in the same column without a common superscript differ significantly (p<0.05).

PCNA (p<0.001) (Figure 4, Table V).
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the effects of PFD on the prevention of tendon
adhesions and tendon healing were investigated.

DISCUSSION The findings of the study showed that PFD was
In this preliminary study, which was carried effective in preventing peritendinous adhesions
out by creating a tendon injury model in rats, macroscopically,  histopathologically  and
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immunohistochemically, and did not impair
tendon healing.

Tendon adhesions are the fibrous bands which
are formed between the injured tendon and the
surrounding tissues, and limit the motion of
the tendon. These adhesions occur as a result of
excessive and irregular accumulation of collagen.
The TGF-p is the main cytokine responsible for
fibrosis formation. The increased TGF-p expression
in systemic sclerosis, hypertrophic scar tissue after
burn, and in keloid has been associated with high
collagen I, III, and VI production. On the contrary,
the inhibition of TGF-B expression decreases
accumulation of collagen and cicatrix.!'8°!

In the macroscopic and microscopic examination
in this study, we observed that peritendinous
adhesions were statistically significantly less in the
PFD group. This can be attributed to the anti-fibrotic
activity of PFD. Previous studies have shown that
PFD can prevent the formation of fibrotic lesions and
can inhibit fibrosis formation after tissue injuries.
It exerts this anti-fibrotic activity by inhibiting
both fibroblast proliferation and differentiation
of fibroblasts into myofibroblasts via TGF-f and
reducing collagen synthesis.?” Bayhan et al.l
experimentally showed that PFD could be used as
an effective agent in prevention of postoperative
intra-abdominal adhesions and inflammation.
Besides, Shi et al. showed in a rat laminectomy
model that PFD reduced the formation of epidural
fibrosis by inhibiting fibroblast proliferation and
suppressing collagen synthesis.

In another study including 19 patients, PFD
reduced scar tissue formation and increased
epithelialization in the donor site from which
split-thickness skin graft was taken. Also, PFD
was shown to suppress the contraction of keloid
fibroblasts in an in vitro scar contraction model and,
therefore, it could be used as a therapeutic for keloid
lesions.™™ Chan et al.® documented in a study in
which they experimentally created cartilage damage
in a rat knee that PFD both prevented joint fibrosis
and also demonstrated protective effect on cartilage
and bone.

Ideal agents and materials used in tendon repair
are expected to prevent tendon adhesions without
impairing tendon healing. In this study, we observed
histologically that collagen fiber density decreased,
but the collagen fiber integrity had a more regular
and organized formation in the PFD treatment group
compared to the control group. In a previous study,
the alignment and organization of collagen fibrils
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required for tendon healing were more important
than the amount of collagen.”® Around the fourth
week after injury, proliferation of fibroblasts of
intrinsic origin increases. These fibroblasts
(tenocytes) mostly originate from endotenon and
actively remodel collagen.” In the current study, PFD
reduced collagen synthesis and provided collagen
maturation. Based on these findings, it can be
speculated that PFD does not impair intrinsic tendon
healing .

Another important finding of this study was that
collagen I and collagen III expressions were lower in
the PFD group than in the control group. Collagen I
and collagen III are seen intensely in fibrosis and scar
tissue. Fibroblasts, which migrate to the damaged
tendon area around the fifth day after injury, begin
to synthesize collagen and continue to increase until
the remodeling phase. When TGF-p is applied to
the healing tendon, the expression of collagen I
and III is induced.”™ We believe that the reason for
the low collagen expression in this study is that PFD
inhibits fibroblast proliferation and the production of
fibrogenic mediators, such as TGF-f, during the repair
phase of tendon healing.

In the current study, we also observed that PCNA
expression was lower in the treatment group compared
to the control group. The proliferative phase of tendon
healing is hypercellular and growth factors such as
platelet-derived growth factor, insulin-like growth
factor, TGF-p, and basic fibroblast growth factor
regulate fibroblast proliferation.! We consider that
the reason for low PCNA expression in the current
study may be due to the anti-proliferative activity
of PFD, which acts by inhibiting growth factors,
particularly TGF-3.

Another finding of this study was that VEGF
expression was lower in the treatment group compared
to the control group. Angiogenesis is crucial for
facilitating tendon healing, such as delivering oxygen
and nutrients to the damaged tendon area, removing
waste products, and controlling immune responses.
The VEGEF is one of the most vital angiogenic factors
that regulate blood vessel formation in tendon
healing. It plays a prominent role in the inflammatory
and proliferative phases of tendon healing. Its
overproduction has been associated with fibrosis.!
Pirfenidone has been shown to have an antiangiogenic
effect by inhibiting VEGF expression during the
wound healing process after glaucoma surgery.””! The
low expression of VEGF in the current study supports
the anti-angiogenetic activity of PFD.

Extrinsic healing is more dominant than intrinsic
healing in the inflammatory, proliferative, and
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reparative phases of tendon healing after tendon
injury. The extrinsic mechanism is responsible
for tendon adhesions. Fibroblast proliferation and
excessive synthesis of collagen should be inhibited
to prevent tendon adhesions. Anti-proliferative, anti-
fibrotic, and anti-inflammatory activity of PFD can
suppress the extrinsic mechanism, reduce tendon
adhesions, and provide tendon healing without
disturbing the intrinsic mechanism in rats.

The lack of biomechanical analyses is the
main limitation to this study. The application of
biomechanical tests which measures the strength of
the tendon is as important as histological evaluation
of tendon healing. Another limitation of this study
is that the effects of different doses of PFD on
tendon adhesion and tendon repair were unable to
be examined. However, to the best of our knowledge,
this is to first study to investigate the effectiveness
of PDF on tendon adhesion and tendon repair in
rats. Further studies should be conducted to evaluate
varying doses and efficacy of PFD.

In conclusion, in this experimental study, PFD
decreased collagen synthesis by inhibiting fibroblast
proliferation and prevented the formation of
peritendinous adhesion; however, it did not impair
tendon healing in rats. The results of this study
suggest that PFD can be a potential therapeutic drug
for prevention of tendon adhesions. Nevertheless,
there are further clinical studies to confirm these
findings.
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