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Objective: Although Achilles tendon ruptures can have many causes, they are known to

develop most commonly with trauma. Nonsteroidal anti-inflammatory drugs (NSAID) and

low doses of corticosteroids are used in the medical treatment of tendon ruptures. Ellagic

acid (EA), which also has an anti-inflammatory effect, has been reported to show its effect

via cyclooxygenase 2 (COX2) inhibition as well. The effects of EA and diclofenac sodium on

tendon healing were compared in this study.

Methods: We used a total of 18 male New Zealand rabbits in 3 groups with 6 in each. The

study was performed under general anesthesia with a xylazine-ketamine combination.

After a defect was created in the right Achilles tendon of all the rabbits, group I was

administered diclofenac sodium and group II was administered EA for 1 week, whereas the

control group (group III) was not administered anything. Postoperative follow-up was

provided for all groups.

Results: Euthanasia was performed in all subjects at the end of the eighth week, and the

tendons were compared in terms of macroscopic and histopathologic features and tensile

resistance. Although there was no statistically significant difference in the tensile resistance

Newton values of group I and group II, these values were higher than in the control group,

and the NSAI group values were statistically significantly higher than in the control group.

Conclusions: We concluded that EA and NSAIs could be effective in the recovery of tendon

integrity and tensile strength and increasing the movement capacity in pathology caused by

tendon damage because of their anti-inflammatory features.
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Although Achilles tendon ruptures can have
many causes, they are known to develop most

commonly with trauma.1–3 Partial or total tears can
develop during trauma with the extension of the
Achilles tendon. Treatment for this condition is
planned according to whether the tear is partial or
total. Conservative or surgical treatment has been
recommended for partial tears in the literature. A
duration of 6 to 8 weeks can be sufficient for
conservative treatment.1–6 Nonsteroidal anti-inflam-
matory drugs (NSAIDs) and low doses of cortico-
steroids are used in the medical treatment of tendon
ruptures.6 NSAIDs are preferred for preventing
adhesions and providing postoperative analgesia,
eliminating edema, shortening the healing process,
and preventing periarticular ossification.7–9 Diclofe-
nac sodium, an NSAID, has an important place
among the commonly used clinical agents, and its
anti-inflammatory mechanism of action is cycloox-
ygenase (COX2) inhibition. Ellagic acid (EA), which
also has an anti-inflammatory effect, has been
reported to show its effect via COX2 inhibition as
well. EA is a natural antioxidant that is found in
significant quantities in walnuts, carrots, tomatoes,
pomegranates, grape juice, grape wine, blueberries,
blackberries, and strawberries.10–13 It is a phenolic
acid derivative that inhibits lipid peroxidation
besides its anti-inflammatory, antiproliferative, anti-
angiogenesis, and anticarcinogenic effects.14,15

We aimed to compare the healing effects of EA,
with its anti-inflammatory and antiadhesive effects,
and diclofenac sodium, which is widely used for
tendon repair, in the postinjury period in an
experimental animal model in this study.

Materials and Methods

This study was conducted after obtaining permis-
sion from the Kafkas University Animal Experi-
ments Local Ethics Committee (KAÜ-HADYEK-
2012-54).

The animal material in the study consisted of 30
3- to 3.5-kg male New Zealand rabbits. The 30
rabbits were divided into 3 different groups of 10
each. However, 4 rabbits from each group died after
the experiment started because of infection (pneu-
monia) or altered feeding habits because of torticol-
lis. We therefore continued the experiment with a
total of 18 rabbits consisting of 6 rabbits in each
group. Group I was the diclofenac sodium group,
group II was the EA group, and group III was the
control group. All the rabbits in all study groups
were kept in the same laboratory environment for 1

week before the experiment and fed standard rabbit
food and water ad libitum. The operations were
performed on the right Achilles tendon under
general anesthesia provided by xylazine 10 mg/kg,
intramuscular (IM; Rompun 2%, Bayer, Istanbul,
Turkey) and ketamine HCl 80 mg/kg IM (Ketasol,
Interhas, Turkey). Once routine preparations were
completed and the operation region covered with
sterile drapes, the Achilles tendon of the rabbits in
all groups was accessed by passing through the
skin, subcutaneous ligaments, and tendon sheath
using a 5-cm vertical incision 3 cm proximal to the
tarsal joint. A partial rupture was created in the
Achilles tendon midline by creating a Z incision
with a number 15 scalpel. We made sure the scalpel
exited the other side when the incision was being
made. The area was then closed routinely without
sutures, and no external support was applied to the
relevant extremity.

A first-generation cephalosporin (Sefazol 250 mg,
Mustafa Nevzat, Istanbul, Turkey) was adminis-
tered IM to the animals in all groups at a dose of 25
mg/kg for 3 days for prophylaxis against infection.
Group I was administered diclofenac sodium 5 mg/
kg (Dikloron 50-mg tablet, DEVA, Tekirdağ, Turkey)
by orogastric gavage. EA 85 mg/kg was mixed with
10 mL drinking water, and group II was adminis-
tered this mixture in the same way for 7 days. No
drug administration except prophylaxis was per-
formed in group III. All rabbits were observed for 8
weeks and whether they used the relevant extrem-
ities or not was noted. The rabbits were euthanized
with a high dose of sodium pentobarbital (nembutal
sodium 100 mg/kg, 50 mL, intravenously, Ovation
Pharmaceuticals, Inc, Deerfield, Illinois) at the end
of the eighth week.

The right leg Achilles tendon was excised to
include the region of the gastrocnemius muscle near
the tendon origin proximally and the calcaneus
distally following death. The tissue samples were
kept at �208C for 2 weeks. Biomechanical tests
followed by histopathologic evaluation were con-
ducted at the end of this duration.

Biomechanical tests were performed using an
axial tensile force and proximal and distal connec-
tions for each operated and control tendon. The AG
IS-50 kN (Shimatzu, Kyoto, Japan) tensile test device
was used at the Istanbul University Mechanical
Engineering Laboratory for the biomechanical tests
(Figs. 1–4). A computer connected to the device was
used to record the biomechanical force measure-
ments and endurance power scale graphs (Fig. 5).
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Following the biomechanical tests, samples were
taken and transferred for histopathologic examina-
tion performed with the hematoxylin-eosin stain
(H&E) and 1003 magnification. The cellular mor-
phology, degenerative changes in the muscle, nerve
and collagen structures, and the vascularization
features were evaluated during this analysis (Figs.
6–9).

SPSS version 18 software was used for the
statistical analyses of all data obtained from the
study. The mean and standard deviations, which are
the central distribution measures, were calculated,
and the intragroup differences of the nominal values
were studied using Fisher’s exact v2 test for the
analysis of nonparametric data. P , 0.05 was
accepted as significant. We used the Kruskal-Wallis
test for the analysis of the measurement values,
whereas statistical significance between 2 groups
was evaluated with the Mann-Whitney U test. P ,

0.015 was accepted as significant with Bonferroni
correction.

Results

The rabbits were followed up for 8 weeks regarding
their use of the relevant extremity as the clinical
finding. None of the rabbits used the relevant
extremity in the first 3 days. We observed that 4 of
the rabbits in group II started to use their operated
legs on the third day, and all group II rabbits on the
fourth day. Group I and III rabbits were seen to start
using their extremities after the seventh day. We
used the visual analog scale (VAS) and pain simple
descriptive scale (SDS) for the follow-ups during the
study.16–20

The mean tensile force was 169.93 6 50.4 N
(minimum, 112 N; maximum, 253 N) in group I,
131.5 6 49.2 N (minimum, 75 N; maximum, 223 N)

Fig. 1 Initiation of tensile force application to the Achilles

tendon in the mechanism.

Fig. 2 Tendon stress caused by tensile force application in the

mechanism.

Fig. 3 Rupture of tendon fibers with increased force on Achilles

tendon in the mechanism.

Fig. 4 Total rupture of the Achilles tendon in the mechanism.
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in group II, and 89.80 6 10.37 (minimum, 80 N;

maximum, 101 N) in group III in Newton’s units on

biomechanical evaluation. A statistically significant

difference was not found between group I and

group II (P . 0.05) but was present between group I

and group III (P , 0.05; Tables 1 and 2).

Cellular growth, vascularization, and degenera-
tive changes in the muscle and collagen were
investigated in each section during the histopatho-
logic evaluation. The vessels had a normal appear-
ance in all groups. Generally mild hyalinization was
usually noticed in collagen bundles and some
muscle bundles in all cases (Fig. 6). Inflammatory
cell infiltration was observed in a single case in all
groups (Fig. 7). Although this cell infiltration was
composed of mononuclear cells and predominantly
of lymphocytes, neutrophil leukocytes were also
noted. The axons in sections passing through nerve
bundles were found to be swollen and the myelin
granular, whereas the Schwann cells were swollen
and hyperchromatic in appearance, especially in the
control and NSAID groups (Figs. 7 and 8). Tenocytes
were swollen in all 3 groups (Figs. 7–9).

Discussion and Conclusion

We aimed to investigate the effects of EA, which has
many effects, but especially is antioxidant and anti-
inflammatory, on tendon laceration and peritenon
adhesion development and compared them with
diclofenac, which is commonly used for similar
purposes.

Diclofenac has a nonsteroidal anti-inflammatory
effect, and various studies using various methods on

Fig. 5 Graphical representation of tensile force application in the mechanism.

Fig. 6 Collagen (arrowhead) and muscle (arrow) bundle

hyalinization, H&E, 2003. Control group.
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experimental animals and humans have shown it to
be an inhibitor of selective COX2 activity and to have
various effects on the tendon structure as with other
selective COX2 inhibitors.15–17 Although the antiox-
idant, anti-inflammatory, and antiangiogenesis effects
of EA that were the subject of our comparisons are
already known, its antiadhesive or other positive or
negative effects on tendon healing are not fully
recognized. The anti-inflammatory effect of EA by
inhibiting COX2 is also known.24 NSAIDs are
recommended for the treatment of the acute pain of
tendinopathy but do not provide effective treatment
for the tendon tissue with long-term use.3,21–23 Early
period exercise that does not place stress on the ankle
joint in addition to mobilization through small
movements has been found to increase Achilles
tendon vascularization, decrease muscle atrophy,
and support tendon healing.3,5 The lack of adhesion
and scar formation in the Achilles tendon and the
presence of peritenon vascularization enable early
repair and functional improvement in the early
period in Achilles tendon injuries.

The oral forms of both substances were admin-
istered postoperatively, and the comparative effects
were evaluated in this study.

Experimental animal tests have shown that
NSAIDs usually have an antiadhesive effect by
decreasing leucocyte migration, edema, granulation
tissue, collagen deposits, and fibrosis and have a
positive effect in ensuring tendon healing and
functional stability with COX1 and COX2 inhibition
at specified doses and use durations with their anti-
inflammatory activity.8,9,21–25 An experimental study
on induced Crohn’s disease has found that EA
prevented hyperemia, edema, and necrosis in

Table 1 Mann-Whitney U test results for the experimental and control

groups

Group n
Mean
rank SD v2 P

Significant
difference

Operated NSAI (I) 6 14.0 2 9.977 ,0.007 1–3
Operated Antioxidant

(II)
6 10.17

Control (III) 6 4.33

Table 2 Mean tensile strength by group

Group I
(n ¼ 6)

Group II
(n ¼ 6)

Group III
(n ¼ 6)

Tensile strength
(N)

169.93 6 50.4a 131.5 6 49.2ab 89.80 6 10.37b

Different superscript letters indicate a statistically significant
difference at P , 0.05.

Fig. 7 Inflammatory cell infiltration (arrows) and swollen

tenocytes (arrowheads), H&E, 2003. Control group.

Fig. 8 Swollen Schwann cells (arrows) and axons (arrowheads)

in nerve bundles, H&E, 2003. Operated NSAI group.

Fig. 9 Swollen tenocytes (arrowheads), H&E, 2003. Operated

EA group.
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intestinal tissue and started re-epithelialization in
the healing process by inhibiting COX2 and nitric
oxide synthase (NOS) activity.26 Other experimental
models on liver toxicity have found decreased liver
necrosis, fattening, and inflammatory reactions.27,28

We observed the effects of NSAI and EA in groups
of rabbits receiving these substances and deter-
mined their effect on pain, movement capacity, and
feeding using the VAS and SDS scales throughout
the study period. We believe that our clinical
observation of the early period increases in move-
ment capacity in the EA groups subjects compared
with group I and group III is because of the decrease
in both pain and inflammation.

We also observed mild necrotic changes in the
collagen and muscle bundles in the tendons on
histopathologic evaluation of all 3 groups in this
study. Despite the low levels of edema in the
tenocytes in all groups, edema was less in the EA
group than the NSAI group. Inflammatory cell
infiltration was similar in the EA and NSAI
groups. This finding was also similar in the
control group. Although edema and inflammation
were histologically observed in the tendons in all 3
groups, there was no edema or granular appear-
ance of myelin in the EA group in contrast to the
marked edema and granular appearance of myelin
in the NSAI and control groups (Figs. 7 and 8).
These findings indicate that the EA group expe-
rienced better recovery of the tendons than the
other two groups.

We also did not find a significant difference
between the biomechanical stress test results of the
operated NSAI and EA groups. We can therefore
state according to our study results that they have
beneficial effects on the tendon just like their effects
on the gastrointestinal system as reported previous-
ly thanks to the inhibition of COX2 and NOS
activity.14,26 The fact that these effects were similar
to those from the NSAI group also indicates that EA
has an anti-inflammatory effect similar to that of
NSAIs, again according to our study results.

Tendon mechanical behavior evaluation and
biomechanical analysis enable us to understand
the mechanism of the damage created and also give
us important data about the tendon. Tendons
continue working under normal and overload
conditions until specific stress forces develop. When
the load damages the tendon, the degree of damage
is related to the load amount and application
frequency. Various studies have demonstrated that
appropriate mechanical loading contributes to the
building processes of the tendon such as matrix

protein and collagen synthesis. It has also been
reported that overloading can damage the tendon
by supporting destructive processes such as matrix
structure degradation.15,29–32 Tendon immobiliza-
tion or disuse is known to have a destructive effect.
Mechanical loading at appropriate intervals for
hemostasis to develop and adhesion to decrease is
required for tendon damage to recover.31,32

We did not use any bandage or limit the motility
of the animals in any way in this study. We found
that besides the anti-inflammatory effect, early
mobilization or force application resulted in early
recovery of tendon functions and tendon healing.
Biomechanical tests in group I (NSAI) and group II
(EA) showed favorable results in the comparison of
our anti-inflammatory applications. The biomechan-
ical tensile resistance results showed that damaged
tendons were weaker than normal tendons with the
resistance to applied force significantly decreased
and the tendon integrity suffering mechanical
disruption, according to the maximum deformation
amount, the hardness and decreased stored energy
that indicate the structural features of the tissue and
the maximum rupture force that best indicates the
structural integrity. Our tensile resistance results in
group I and group II were higher than in the control
group. It was observed that the structural integrity
of the tendons in group I and group II were better
protected and more resistant to mechanical tensile
forces.

In conclusion, we found that the use of EA and
NSAIs was effective in the recovery of tendon
integrity and tensile strength and increases in
motion capacity in tendon damage–related pathol-
ogy because of their anti-inflammatory features, in
addition to the positive effect of early mobilization
on tendon healing. However, more advanced im-
munohistologic and bimolecular investigations and
follow-up are needed to support the effect of EA on
tendon recovery. The required dose and use dura-
tion also need to be evaluated with various methods
using in vivo models.
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