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Abstract Impaired wound healing in humans under psycho-
logical stress and the positive effects of antidepressant drugs
on wound healing were also shown in the literature. However,
there are currently no studies regarding the effects of antide-
pressant drugs on tendon healing. The aim of this study was to
compare tendon healing under normal conditions versus so-
cial stress. We also aimed to perform a histological and bio-
mechanical analysis of the effects of the antidepressant drug
fluoxetine on tendon healing. Sixty Sprague Dawley rats were
divided into six groups. A social stress regimen was used to
stress the rats. The use of fluoxetine in the social stress group
yielded significantly better biomechanical results and the col-
lagen organizations of the fluoxetine group were more similar
to the normal tendon collagen organization. Fluoxetine seems

to inhibit the negative effects of stress on tendon healing and
seems to improve tendon healing.
Levels of Evidence: Level 5

Keywords Socialstress .Fluoxetine .Tendonhealing .Social
stress and tendon healing . SSRI and tendon healing

Introduction

Hand injuries are among the most common injuries seen in
daily life, and they constitute 6–28 % of trauma cases present-
ing to the emergency departments [1].

Previous studies have shown that patients who have sustained
hand injuries due to glass fisting are under high psychologic
stress [2]. Inability to use the extremity during and after the
operation, along with a long recovery period that requires phys-
ical therapy create a significant psychologic stress on the patients.

It has been shown that psychologic stress negatively affects
wound healing [3]. Tendon healing is in fact a process of
wound healing, consisting of the inflammation, proliferation/
repair, and remodeling phases [4].

Antidepressants were shown to have positive effects on
wound healing [5]. However the effects of antidepressants
on tendon healing have not been investigated.

The aim of this study was to analyze the effects of social
stress and antidepressant fluoxetine on tendon healing, evalu-
ate the differences between normal tendon healing and healing
under antidepressant treatment, and assess the endurance, ten-
sile strength, and histologic healing patterns of the tendon
during the healing process in rats.
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Material and Method

The study was approved by the Bezmi Alem Vakıf University
Animal Studies Local Ethics Committee (Ethics Committee
Approval Date: 21.02.2012/Number: 2012–95).

The rat Achilles tendon healing model, which is used fre-
quently as an animal model, was used also in this study [6, 7].

Sixty rats weighing between 300 and 350 g were used for
the study.

Groups

Sixty rats were separated into six groups: control 1 and 2,
study 1 and 2, sham 1 and 2. There were ten rats each group,
seven for biomechanical and three for histologic evaluations.

Rats in the control group were operated without application
of stress, the right Achilles tendons were cut and repaired
surgically. The rats were sacrificed three or six weeks after
the operation, and the repaired Achilles tendons were evalu-
ated biomechanically and histologically.

Rats in the study group were operated after a 15 day long
stress regimen. The right Achilles tendons were cut and
repaired. Following the operation, they received intraperitone-
al injection of Fluoxetine 1 mg/kg/day until they were
sacrificed on either the third or sixth weeks. The Achilles
tendons on the legs of animals sacrificed on the sixth week
were evaluated biomechanically and histologically.

Rats in the sham group underwent transaction and repair of
the Achilles tendon following a 15 day stress regimen.
Animals in this group received 1 mgkg/day intraperitoneal
injection of saline, and this treatment continued until they
were sacrificed on the third and sixth weeks. The Achilles
tendons of the animals sacrificed on the sixth week were eval-
uated biomechanically and histologically.

Social Stress Regimen

A social stress regimen was applied to the animals as de-
scribed previously [8]. The rats were kept in isolation for
24 h and in a crowded environment for 24 h. Isolation was
applied by keeping the rat alone in a single cage, and crowded
environment was applied by putting ten rats into each single
animal cage.

Surgical Procedure

All the rats were operated by the same surgeon. A 1.5 cm long
longitudinal incision was made on the posterior aspect of the
right leg. The Achilles and plantaris tendons were exposed,
the Achilles tendon was cut transversely with a scalpel, 0.5 cm
proximal to its insertion point on the calcaneal bone. The
plantaris tendon was also transected to prevent an internal
splint effect.

The Achilles tendon was repaired with a 5–0 monofilament
polypropylene suture (Propilen®, Doğsan, Turkey) on a round
body needle, using the modified Kessler method. The skin
was repaired with the same suture after tendon repair. No
surgery was applied on the left Achilles tendons.

Sections including the Achilles tendon repair sites were
prepared from all animals, three sections in each group were
used for histologic evaluations and seven for biomechanical
examination.

Histologic Evaluation

The sections were stained with hematoxylin and eosin stain,
and evaluated under light microscope and polarized light.

Sections were blinded and the evaluationwas performed by
the same pathologist for the level of cellularity (fibroblast
proliferation), the level of vascular proliferation, the level of
inflammatory response (lymphocyte infiltration), the level of
fibroblast organization and the amount of collagen matrix
density between the cells. These were graded as (+: mild, ++
: moderate, +++: advanced).

Extracellular matrix-collagen density and the collagen
alignments were evaluated under the polarized light micros-
copy, and grading was performed based on the classification
of Yuan et al. [9]. (Table 1).

Biomechanical Evaluation

The cross sectional area examinations were done before the
sectioning of the tendon from the widest and narrowest point
of the tendon healing site using a micrometer (Series 523,
Mitutoyo, Japan). Cross section areas were calculated by mul-
tiplication of these values and expressed as mm2.

Achilles tendons were tested on the tension machine (MTS
858 Mini Bionix II, Eden Prairie, MN, U.S.A.) and the max-
imum tension before rupture was measured in Newtons (N).

The maximum resistance at the time of rupture was divided
by the cross section area of the tendon and Rupture Stress
Values that showed the structural power of the tendon were
found in N/mm2.

Statistical Evaluation

Mean and standard deviation were used in the complementary
statistics of the data. The tests used during assessment were
Kruskal Wallis Test which is used to compare the groups,
Dunn’s Multiple Comparison Test which is used to compare
the subgroups and Mann-Whitney-U test which is used to
compare the differences between two independent groups.
The level of significance was accepted as p < 0.05.
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Results

Histologic Evaluation

Light microscopy evaluation revealed that the groups were
similar with respect to cellularity, vascular proliferations, and
inflammatory response. (Table 2.)

Evaluation of the three week groups (study 2, control
2, sham 2) showed that the sham group had less colla-
gen density compared to control and study groups. In
the study group collagen density was increased com-
pared to other groups at the same weeks, in addition
fibroblast alignment was more organized and parallel
to the long axis of the tendon, similar to normal tenocytes.
(Fig. 1).

Evaluation of the sixth week groups (study 1, control 1,
sham 1) revealed an increased collagen density in all groups
compared to the third week. However when the study
group was compared with the control and sham groups,
collagen was more dense in the study group. Fibroblasts in the
study group had flatter nuclei and more organized alignment.
(Figs. 2 and 3).

Polarized light microscopy examination showed that
compared to the control and sham groups, collagen ac-
cumulation in the study group was more organized and
the ratio of collagen bundles (double refraction of po-
larized light) was higher (Fig. 3.) Collagen alignment in
the study groups was parallel to the long axis of the
tendons, whereas it had a nodular style in other groups.
(Table 2.)

Biomechanical Evaluation

The results of biomechanical evaluation are given on
Table 3.

Prerupture maximum resistance in the third and sixth week
study groups were significantly higher than the values in the
control and sham groups (p < 0.05). Prerupture maximum
resistance in the control group was significantly (p < 0.05)
higher than the sham group on the sixth week, this difference
was not significant (p > 0.05) on the third week. (Table 3.)

Cross section area was significantly (p < 0.05) lower in the
study group on both the third and sixth weeks when compared
to the control and sham groups. Cross section area in the
control group was significantly (p < 0.05) lower than the sham
group on sixth week, this difference was not significant
(p > 0.05) on the third week. (Table 3.)

Rupture stress in the study group was significantly higher
than the control and sham groups on both the third and sixth
weeks (p < 0.05). Rupture stress was significantly (p < 0.05)
higher in the control group than the sham group both on the
third and sixth weeks. (Table 3.)

Discussion

There are wide series in the literature showing that psychologic
stress negatively affects wound healing [10–12]. A metaanalysis
investigating various wound healing models showed that psy-
chologic stress slowed wound healing by 42 % [13].

Table 2 Assessment of the groups under light microscopy and collagen alignment in polarized light examination

Fibroblast
proliferation

Vascular
proliferation

Inflammatory
response

Collagen
density

Fibroblast
alignment

Collagen
Alignment

Ratio of Collagen bundles
(double refraction of light)

Mean
score

Study 1 +++ + + +++ +++ Fairly parallel Near Complete 4

Study 2 +++ + + ++ ++ Fairly parallel 40 % 3

Control 1 +++ + + ++ ++ Nodular 40 % 3

Control 2 +++ + + + + Nodular 20 % 2

Sham 1 +++ + + ++ + Nodular 10 % 2

Sham 2 +++ + + + + Nodular 20 % 2

Table 1 Assessment of collagen fibril organization with the polarized light microscope

Score 1 No bire-fringence of collagen fibre bundles, collagen fibres show no unique orientation.

Score 2 Collagen fibrils formed bundles. Collagen bundle ratio in cross section is <50 %, with loose network structure.

Score 3 Less than 50 % of collagen fiber bundles formed but with tight network structure.

Score 4 Over 50 % of collagen bundles formed in the healing site. These bands are aligned along the long axis of the tendon.

Score 5 Normal tendon structure.
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Poor wound healing will increase the surgery related
wound complications. Tendon healing is basically a wound
healing process, therefore such disorders will result in unde-
sired results such as adhesions or ruptures in healing where the
principal goal is functional recovery.

Previous studies showed that social isolation in rats is re-
lated to anxiety and depressive behaviour, and fluoxetine ap-
plication is protective against these effects [14].

In our study, we found a decreased collagen density on the
third and sixth weeks in the sham groups compared to the
study and control groups. This may be explained by suppres-
sion of collagen synthesis by cortisone which is one of the
factors responsible for the effects of stress on wound healing
[15].

On the other hand, in the presence of chronic stress high
glucocorticoid levels persist in the blood for a long time,
resulting in the development of tolerance against glucocorti-
coids at the cellular level. This effect results in an extreme
inflammation in wound healing [16, 17]. Other negative ef-
fects of the glucocorticoids on wound healing include preven-
tion of angiogenesis by suppression of VEGF, decreased pro-
duction of factors necessary for wound healing such as IGF
and TGF, suppression of collagen production, and increased
production of proinflammatory cytokines by activation of
macrophages through alternative routes [15, 18–20]. In bio-
mechanical tests, cross sectional areas in the sham group on
the third week were significantly greater in the control and
study groups. This may be explained by the proinflammatory

effect described above, the irregularity of collagen in a nodular
and irregular way, and an irregular distribution of the fibro-
blasts under the polarized light microscope.

A study on the effects of fluoxetine on wound healing in
rats under stress similarly showed that collagen alignment and
fibroblast distribution were irregular in the stressed groups
[21].

Prerupture maximum resistance and rupture stress mea-
surements on the sixth week sham group were significantly
lower in the control and study groups on the same time period.
When it is considered that tendon healing is basically a wound
healing process, this finding may be considered to be consis-
tent with other reports negative effects of stress on wound
healing [22].

On the third week, prerupture maximum resistance values
were similar between the sham and control groups but on the
sixth week the measurements of the sham group was signifi-
cantly lower. These results show that stress affects tendon
healing especially during the late phase. However because
the late three week period has a critical significance in the
development of complications such as ruptures and adhesions
after tendon repair, the prevention of negative effects during
especially this phase is important.

Study of the collagen density in animals on the third and
sixth week study groups revealed an increased density com-
pared to sham and control groups on the same weeks. This
effect may be explained by the fact that fluoxetine inhibits the

Fig. 2 aH/E evaluation of sixth week Study group tendon cross sections.
There is an increased collagen density compared to the third week. Fi-
broblasts have an organized alignment similar to normal tenocytes
(X200). b H/E evaluation of sixth week Control group tendon cross

sections. Collagen density has increased compared to the third week.
Fibroblast orientation is less organized compared to the Study group
(X200)

Fig. 1 a H/E evaluation of third week Study group cross sections.
Relatively increased collagen accumulation (red color in the background)
and more organized fibroblasts are observed (×200). b H/E evaluation of
third week Control group tendon cross sections. Collagen density is

relatively less. Fibroblast orientation is not organized (X200). c H/E
evaluation of third week Sham group tendon cross sections. Collagen
density is relatively less. The fibroblasts are organized. (X200)
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glucocorticoids' suppression on collagen synthesis seen in
chronic stress.

The study group had significantly smaller cross sectional
areas on the third and sixth weeks compared to the control and
sham groups. This difference may be explained by the
antiinflammatory effects of fluoxetine during the early period
and as well as to the regular alignment of collagen which is
parallel to the long axis of the tendon under the polarized light
microscope. Better rupture stress and prerupture maximum
resistance values on the third and sixth weeks in the study
group despite having smaller cross sectional areas than the
control and sham groups support this explanation.

In addition to its known antidepressive effects, fluoxetine
has anxiolytic and antinociceptive effects. The combination of
all these effects contribute to the positive contribution of flu-
oxetine on wound healing [23–25].

Wound healing consists of a balance between the inflam-
mation period and healing. The disruption of this balance to-
wards inflammation will delay healing.

Fluoxetine shows an antiinflammatory effect by signifi-
cantly decreasing the levels of proinflammatory cytokines in-
cluding IL-1β, IL-2, TNFα, and also by significantly increas-
ing the levels of an antiinflammatory cytokine IL-10 [26, 27].

Matrix metalloproteinases (MMP) are involved in wound
healing by degradation of the extracellular matrix and remod-
eling phases. A study performed on rats showed that fluoxe-
tine inhibited the MMPs, suppressed inflammation by pre-
serving intercellular links, and prevented neural injury by this
route [28].

In addition to shifting the wound healing process toward
healing by suppressing the inflammation, fluoxetine also im-
proves microvascular circulation by affecting the thrombo-
cytes, and increase NO synthesis and angiogenesis [29, 30].
These may explain its positive effects on tendon healing.

One of the limitations of this study is that we did not per-
form any tests to show the exact mechanism of the fluoxetine
blocking the negative effects of the stress on tendon healing.
Additional studies may overcome this limitation. Although
the rat is not a human hand, and that these results are not
evidence for an effect in humans, but do seem to justify further
work in this area.

Conclusion

In our study the social stress in rats seems to have negative
effects on tendon healing and the fluoxetine use seems to
prevent these negative effects. In addition, the results of his-
tological and biomechanical evaluations were found to be bet-
ter in the fluoxetine group compared to the control group that
was not exposed to stress and expected to have normal tendon

Table 3 Maximum resistance before rupture, cross section area and rupture stress measurements. Comparison of the values between groups

Study Group
(mean +/− s.d.)

Control Group
(mean +/− s.d.)

Sham Group
(mean +/− s.d.)

(Difference between
the groups) p

Maximum Resistance Before Rupture

3rd week 33,6 +/− 1,3 N 26,0 +/− 2,5* N 20,1 +/− 1,3* Ŧ N 0000

6th week 36,6 +/− 7,8 N 27,7 +/− 3,5* N 25,3 +/− 2,9* N 0002

(Difference between at two time periods) p 0354 0313 0001

Creoss Section Area

3rd week 4,8 +/− 0,4 mm2 5,7 +/− 0,4* mm2 6,9 +/− 0,3* Ŧ mm2 0000

6th week 4,3 +/− 0,3 mm2 5,3 +/− 0,3* mm2 6,3 +/− 0,3* Ŧ mm2 0000

(Difference between at two time periods) p 0007 0062 0003

Rupture Stress

3rd week 7,0 +/− 0,7 N/mm2 4,6 +/− 0,5* N/mm2 2,9 +/− 0,2* Ŧ N/mm2 0000

6th week 8,6 +/− 1,6 N/mm2 5,3 +/− 0,8* N/mm2 4,1 +/− 0,6* Ŧ N/mm2 0000

(Difference between at two time periods) p 0036 0083 0001

*p < 0.05 difference with the study group/Ŧ p < 0.05 difference with the study group

ANOVA (Tukey test)/Independent Sample t test

Fig. 3 In polarized light microscopy of the sixth week study group,
collagen fibers have double refraction of the light in wide field (white
areas) and organized appearance are observed (×200)
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healing. We believe that the use of fluoxetine may have pos-
itive effects on tendon healing which should be supported
with additional studies.
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