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Effects of montelukast sodium on tendon healing: 
An experimental study

Atilla Polat, Mehmet Kerem Canbora, Dilek Akakın1, Faruk Aykanat

AbstrAct
Introduction: Montelukast sodium (MS) a selective leukotriene antagonist of the cysteinyl leukotriene receptor, has been used 
in the treatment of asthma and allergic rhinitis. In this study, we evaluated the effect of MS on the early inflammatory phase 
(histological) of nonsynovial tendon healing.
Materials and Methods: Rats were divided randomly into two groups (n = 6 each). MS (Singulair) was administered to one 
group at 10 mg/kg/day [250 g/day intraperitoneally (i.p.)]. The control group was administered 250 g/day of 0.9% saline i.p. This 
nonsynovial tendon was longitudinally divided at the midportion, cut transversely and then sutured. In both groups, the rats were 
sacrificed by decapitation 10 days later.
Results: Decreased inflammatory cell infiltration and more properly oriented collagen fibres were observed in the MS group’s 
histopathological specimens as compared to the control group’s (P < 0.05). Additionally, vascularity was decreased in the MS group.
Conclusion: MS decreased tendon healing, apparently by inhibiting the early inflammatory phase of nonsynovial tendon healing.
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introduction

Montelukast sodium (MS) is a potent, selective 
antagonist of the cysteinyl leukotriene (CysLT1) 
receptor and is under investigation for the treatment 

of bronchial asthma and allergic rhinitis, which are chronic 
inflammatory disease that affect people worldwide. MS is 
the drug used for longer periods or lifelong. Their healing 
effects on patients with tendon injury and fractures have 
been investigated by many authors. In this study, we 
investigated the effect of MS on the acute inflammatory phase 
of tendon healing in injured tendon. The three main stages 
of tendon healing are inflammation, repair or proliferation 
and remodeling. We focused on the inflammatory phase 
of tendon healing because MS is thought to affect only this 
phase, which lasts appproximately 10 days.1-4

Some drugs have negative effects on tendon healing, 
particularly (NSAIDs).5 In clinical practice; the treatment 
of common nonsynovial tendon injuries and asthmatic 
patients with NSAIDs must consider the effects of MS. 
Although they do not produce CysLTs, neutrophils do 
possess receptors for LTC4 and LTD4, the activation of 
which triggers relatively modest pro-inflammatory responses 
in these cells. Interference with neutrophil activation by 
CysLTs released from other cell types, such as monocytes 
and macrophages, mast cells or eosinophils, may therefore 
underlie the neutrophil-directed therapeutic efficacy of 
MS.6,7 In this study, we evaluated the effects of MS on the 
inflammatory phase of tendon healing in a rat model.

mAteriAls And metHods

This study was approved by local ethics committee and 
was conducted at the Marmara University Experimental 
Research and Animal Laboratory.

CysLTs are potent mediators involved in various 
inflammatory diseases as well as lung disorders such as 
asthma. MS functions as a CysLT inhibitor during the 
inflammatory phase of tendon healing, resulting in delayed 
healing of an injured tendon.8 Thus, healing of an injured 
tendon was evaluated histologically in the inflammatory 
phase. Twelve 6-month old male Sprague–Dawley rats 
with mean weight of 220 g were included in this study. For 
anesthesia, the rats received 15 mg/100 g intraperitoneal 
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(i.p.) ketamine. All the rats underwent full-thickness surgical 
incision of the Achilles tendon followed by primary repair. A 
mid longitudinal posterior 10 mm incision was made more 
than 4 mm proximal to the right. Achilles tendon insertion 
point of each rat, exposing the Achilles tendon [Figure 1a]. 
This nonsynovial tendon was longitudinally divided at the 
midportion in two halves.  One half of longitudinally divided 
tendon was cut transversely and then sutured (synthetic 
absorbable suture) [Figure 1b]. The skin was also sutured 
(with 3-0 polyglactine) and the dressing was changed daily. 
No antibiotic was used for infection prophylaxis.

The 12 rats were divided randomly into two groups (n = 6 
each). The recommended dose of MS 10 mg/kg/day, which 
is that used in humans.9 MS (Singulair) was administered 
to the MS group at 10 mg/kg/day (1 ml/100 g animal body 
weight). The drug was diluted with 2.5 ml of 0.9% saline 
and administered (i.p.) 1 cm to the left side of the umbilicus. 
Rats in the control group were administered only 2.5 ml 
of 0.9% saline (as placebo) similarly. The first dose was 
administered on the first postoperative day and the dosage 
was continued until sacrifice.

The two groups were kept in separate cages. The rats had 
access to standard rat chow and water ad libitum. In both 
groups, all six rats were sacrificed by decapitation 10 days 
later. The skin suture was reopened and the tendon was 
cut 5 mm above and 5 mm below the tendon suture site 
[Figure 1b]. Horizontal and longitudinal sectionsthrough 
the sutured region were obtained.

Histopathological analysis
The excised tendons from the rats were fixed in 10% neutral 
buffered formalin overnight and then dehydrated through 

an alcohol solution. The fixed tissues were next processed 
and embedded in paraffin. Sections that were 5-μ m thick 
were obtained using a standard rotary microtome and 
then were stained with hematoxylin and eosin according to 
standard protocols. Finally, Achilles tendons sections were 
examined by light microscopy (Olympus BX51, Tokyo, 
Japan).

For the histopathological analysis, each group was 
evaluated for the following features; 1-inflammatory cell 
infiltration, 2-hemorrhage, 3-collagen fibre orientation and 
4-vascularity in the inflammatory phase. Each item was 
graded by a single histologist without the knowledge of the 
specimen group according to a semi-quantitative approach 
as follow; absent (0), mild (1), moderate (2), moderate to 
severe (3) and severe (4). Statistical analysis was performed 
using the Chi-squared test. A P value less than 0.05 was 
deemed to indicate statistical significance.

results

Histopathological examination of the tissue sections 
revealed inflammatory cell infiltration, haemorrhage, 
disorganised collagen fibre orientation and increased 
vascularity in the control group [Figure 2a]. Decreased 
inflammatory cell infiltration and more properly oriented 
collagen fibres were observed in the MS group compared 
with the control group [Figure 2b]. Vascularity was also 
somewhat decreased in the MS group.

The differences between the control and study groups 
regarding inflammatory cell infiltration and collagen 
fibre oriantation were statistically significant (P < 0.05) 
[Tables 1 and 2].

Figure 1: Peroperative clinical photographs showing (a) Partial tenotomy was performed before the initiating by montelukast sodium. (b) Ends 
of tendon was repaired with a single suture
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discussion

NSAIDs have been shown to have a negative effect on 
tendon healing in the early proliferative phase, but could be 
beneficial during the remodelling phase when inflammation 
might impede healing.10 A significantly lower tensile 
strength was found in rats administered both parecoxib 
and indomethacin compared with the control group. Both 
parecoxib and indomethacin impaired tendon healing; 
however, the negative effect was most pronounced with 
parecoxib.11 Leukotriene receptor antagonists, such as 
MS, are currently being used to treat rhinitis and asthma; 
however, their anti-inflammatory role is not well understood.

We investigated whether MS, a selective leukotriene 
antagonist, had a negative effect on tendon healing and 
found this to be the case. Although leukotrienes have 
been conventionally viewed as paracrine mediators of 
inflammatory disease processes, such as in asthma, more 
recent information suggests that they are also important 
participants in disease processes characterized by cellular 
proliferation and fibrogenesis. Indeed, MS is a potent, 
CysLT1 receptor antagonist that has a negative effect on 
tendon healing.12

In this study, we evaluated the inflammatory phase of 
tendon healing. In the initial inflammatory phase, which 
lasts about 24 h, erythrocytes, platelets and inflammatory 
cells, such as neutrophils, monocytes and macrophages, 
migrate to the wound site and eradicate necrotic materials by 
phagocytosis. Simultaneously, vasoactive and chemotactic 
factors are released that recruit tendon fibroblasts to begin 
collagen synthesis and deposition. Nevertheless MS has 
a significant and progressive inhibitory effect on collagen 
maturation.13,14

We found decreased inflammatory cell infiltration and more 
properly oriented collagen fibres in the MS group compared 
with the control group. Vascularity was also somewhat 
decreased in the montelukast group. The cause of the 
increase in properly oriented collagen fibre was likely that 
inactivity markedly decreased collagen turnover. Training 
leads to a chronically increased collagen turnover and to 
some degree, depending on the type of collagen, net collagen 
synthesis.15 We believe that collagen fibre turnover does not 
depend on inflammatory situation as well as rats activity 
because of the remaining intact portion of the tendon.

Yuan et al. found that leukotriene D4 stimulated the 

Table 1: Histopathological analysis of injured rat Achilles 
tendons in the montelukast group

Inflammatory 
cell 

infiltration

Haemorrhage Collagen 
fibre 

orientation

Vascularity 
in the 

inflammatory 
phase

1-MG 0 3 3 2
2-MG 1 4 4 3
3-MG 1 2 4 1
4-MG 0 3 3 3
5-MG 1 4 4 4
6-MG 0 3 4 2

Table 2: Histopathological analysis of injured rat Achilles 
tendons in the control group

Inflammatory 
cell 

infiltration

Haemorrhage Collagen 
fibre 

orientation

Vascularity 
in the 

inflammatory 
phase

1-CG 4 3 2 4
2-CG 4 4 1 4 
3-CG 3 4 0 4
4-CG 4 2 1 4
5-CG 4 3 0 4
6-CG 3 4 1 4

Figure 2: Histopathological sections showing (a) Control group. Increased vascularity (arrows), perivascular inflammatory cell infiltration 
(arrowhead), hemorrhage (h) and disorganised collagen fibre (*). Montelucast group. (b) Decreased inflammatory cell infiltration, more properly 
oriented collagen fibre (*) and somewhat decreased vascularity (arrow). (Hematoxylin and Eosin stain. ×200, original magnification)
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migration, but not the proliferation, of endothelial cells, 
mediated by the CysLT1 receptor and the extracellular 
signal-regulated kinase (ERK) pathway. This migration was 
inhibited by MS as a leukotriene receptor antagonist and 
the ERK1/2 inhibitor UO126.16

Ogasawara et al. using in situ hybridization demonstrated for 
the first time that mCysLT1 and mCysLT2 were expressed 
in subcutaneous fibroblasts.17 Tolazzi et al. in their study of 
60 rats, showed that MS did not alter the contraction rate 
of excisional wounds but had a significant and progressively 
inhibitory effect on collagen maturation.14 In an investigation 
of collagen production, a recent in vitro study revealed that 
mast cells express the CysLT1 receptor, human tumour 
necrosis factor-α (TNF-α) production by mast cells was 
increased by incubation with CysLT1 and the latter increase 
was significantly suppressed by treatment with a selective 
CysLT1 receptor antagonist, MK571. Thus, because CysLT1 
receptor antagonists inhibit TNF-α production by mast cells 
in the synovium, they may attenuate the development 
of collagen-induced arthritis in mice. To test this and to 
further examine the role of mast cells in the pathogenesis 
of arthritis, the therapeutic effects of a selective CysLT1 
receptor antagonist (MS) were assessed in the development 
of collagen-induced arthritis in mice.18 

Cyclic stretching of human tendon fibroblasts increases the 
production of PgE2 and LTB4. Blocking PgE2 production 
leads to increased leukotriene B (4) levels and vice versa. 
It was found that the use of NSAIDs may increase the 
levels of leukotriene B (4), thus potentially contributing to 
the development of tendinosis.19 Çakıcı et al.20 investigated 
the effects of the leukotriene receptor antagonist MS on 
histological, radiological and densitometric parameters 
of fracture healing. No significant differences was found 
between the two groups regarding any parameter evaluated 
at either time interval (P > 0.05).20 Our study possessed 
some limitations. Most importantly, we examined only the 
effects of MS during the early inflammatory phase in a 
nonsynovial tendon and did not assess the biomechanical 
impact and effect of MS on synovial tendons.

To conclude, this study on rats, decreased inflammatory 
cell infiltration and more properly oriented collagen fibres 
were observed in the MS-treated group. Thus, MS decreases 
tendon healing by inhibiting the early inflammatory phase 
of the healing process. However, the long term effects 
of this drug on a healing need to be investigated in a 
biomechanical study.
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