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Substance P accelerates hypercellularity and
angiogenesis in tendon tissue and enhances
paratendinitis in response to Achilles tendon overuse

In a tendinopathy model

Gustav Andersson,’ Ludvig J Backman,' Alexander Scott,%3 Ronny Lorentzon,*

Sture Forsgren,' Patrik Danielson’

ABSTRACT

Background Tenocytes produce substance P (SP), and
its receptor (neurokinin-1 receptor (NK-1R)) is expressed
throughout the tendon tissue, especially in patients with
tendinopathy and tissue changes (tendinosis) including
hypercellularity and vascular proliferation. Considering
the known effects of SP, one might ask whether SP
contributes to these changes.

Objectives To test whether development of tendinosis-
like changes (hypercellularity and angiogenesis) is
accelerated during a 1-week course of exercise with
local administration of SP in an established Achilles
tendinopathy model.

Methods Rabbits were subjected to a protocol of
Achilles tendon overuse for 1 week, in conjunction with
SP injections in the paratenon. Exercised control animals
received NaCl injections or no injections, and unexercised,
uninjected controls were also used. Tenocyte number and
vascular density, as well as paratendinous inflammation,
were evaluated. Immunohistochemistry and in situ
hybridisation to detect NK-1R were conducted.

Results There was a significant increase in tenocyte
number in the SP-injected and NaCl-injected groups
compared with both unexercised and exercised,
uninjected controls. Tendon blood vessels increased

in number in the SP-injected group compared with
unexercised controls, a finding not seen in NaCl-
injected controls or in uninjected, exercised animals.
Paratendinous inflammation was more pronounced in the
SP-injected group than in the NaCl controls. NK-1R was
detected in blood vessel walls, nerves, inflammatory
cells and tenocytes.

Conclusions SP accelerated the development of
tendinosis-like changes in the rabbit Achilles tendon,
which supports theories of a potential role of SP in
tendinosis development; a fact of clinical interest since
SP effects can be effectively blocked. The angiogenic
response to SP injections seems related to paratendinitis.

INTRODUCTION

The potential role of substance P (SP) in tendons
has gained increased interest in recent years (see
ref ! for a review). Most studies performed on SP
and tendons to date have focused on healing pro-
cesses after tendon rupture (eg, see refs >=°) but
there are also potential roles of SP in tendinosis,
that is, chronic tendon pain (tendinopathy) with
degenerative-like tissue changes, which warrant
further investigation.*

BrJ Sports Med 2011;45:1017-1022. doi:10.1136/bjsm.2010.082750

In addition to its established role in periph-
eral pain, SP has known proinflammatory
effects and effects on vasodilation and vascular
permeabilisation,5 7 as well as reparative effects
including angiogenesis® and cell proliferation, the
latter also in tendon tissue.? * We recently demon-
strated in human Achilles tendons that tenocytes
produce SP mRNA? and that the preferred recep-
tor for SP, the neurokinin-1 receptor (NK-1R), is
widely distributed in blood vessel walls, nerve
fascicles and tenocytes of the tendon tissue.” 1°
Evidence of SP production and NK-1R expression
were particularly prominentin tendons displaying
characteristic features of tendinosis (hypercellu-
larity and neovascularisation). There are also find-
ings suggesting an increase in SP-immunoreactive
nerve fibres and an increase in mast cell numbers
in tendinosis.!! 12 The potential for effects of SP
in Achilles tendons includes modulation of angio-
genesis and/or vascular regulation, tenocyte and
mast cell function and pain signalling.

Healing of ruptured Achilles tendons is associ-
ated with aningrowth of SP-positive nerve fibres.'®
This finding has led to the hypothesis that exog-
enously administered SP could actually facilitate
tendon healing. Indeed, paratendinous injection
of SP enhanced cell proliferation, angiogenesis
and collagen reorganisation during rat Achilles
tendon healing.? 4 In light of this, it is interesting
to note that tendinosis is often characterised as a
process of failed tendon healing due to an imbal-
ance between reparative capacity and ongoing
repetitive microtrauma.'* 1% In fact, some cardinal
features of tendinosis are commonly observed in
tendon healing after rupture, particularly teno-
cyte proliferation and neovascularisation.!® It
could therefore be hypothesised that SP has a
role in tendinosis development by exacerbation of
repeated inflammation-repair responses.

To test this hypothesis, we used a model of
Achilles tendon overuse,” based on the studies
by Backman and collaborators,'® 1 in which we
recently demonstrated that tendinosis-like tissue
changes (tenocyte hypercellularity and vascular
proliferation) occur after 3 weeks of exercise, but
not after a single week of exercise.l” Specifically,
we aimed to determine whether repetitive injec-
tions of SP to the paratendinous tissue would
accelerate the development of tendinosis-like
changes in the rabbit Achilles tendon.
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MATERIAL AND METHODS

Animals

Twenty-four mature female New Zealand white rabbits
were randomly divided into four groups of six; one control
group was not subjected to the overuse protocol (‘untrained
controls’), two groups were subjected to this protocol for
1 week and were given repetitive injections of SP (‘SP-injected
group’) or saline (‘NaCl-controls’), respectively, and one group
was subjected to the protocol for 1 week without injections
(“1-week controls’). The untrained controls and the 1-week
controls were also analysed in a previous study.!

Experimental design

An animal model shown to induce tendinosis-like changes
was used. The apparatus produced passive dorsiflexion and
plantar flexion of the right ankle in combination with a con-
trolled, concentric, muscle contraction through electrical stim-
ulation. The exercise regimen was performed for 2 h, every
second day, for 1 week. The left leg was not attached to the
apparatus. For details, see ref 7.

Anaesthesia was administered by intramuscular injection
of fentanylfluanison (0.2-0.3 ml/kg) and diazepam (5 mg/ml,
0.2 ml/kg). An additional 0.1 ml/kg of fentanylfluanison
was given every 30-45 min. Subcutaneous buprenorphine
(0.01-0.05 mg/kg) was given after each training session.
Experiments were approved by the local ethics committee for
animal research.

17 18

Injection treatments

In addition to the above described training regimen, injections
of SP (10-% pmol, Sigma, Saint Louis, Missouri, USA: code
S6883; in 1 ml sterile water) or, as control, 0.9% NaCl (1 ml)
were given immediately following each exercise session in the
connective tissue ventral to the Achilles tendon. The group
injected with SP received bilateral injections, as we previously
noted that the overuse protocol lead to bilateral changes.!”
In the NaCl control group, one rabbit was lost due to adverse
effects of anaesthesia.

Sampling, fixation and sectioning

One day after the last exercise, the rabbits were killed with
an overdose of pentobarbital. Achilles tendon was collected
and biopsies of approximately 5x5 mm were gathered from
the distal tendon (adjacent to the calcaneal insertion), the mid-
portion of the tendon and the muscle-tendon junction (proxi-
mal part of the tendon).

Samples from all animals were either immediately frozen
in propane chilled with liquid nitrogen or fixed in 4% formal-
dehyde and washed in Tyrode’s solution, before freezing. All
biopsies were mounted on cardboard in transverse orientation
to the longitudinal axis of the tendons, in optimal cutting tem-
perature compound (TissueTek; Miles Laboratories, Naperville,
Illinois, USA), and stored at —80°C until sectioning.

Histological evaluation: tenocytes and inflammation

H&E staining for morphological evaluation was performed
on sections from all samples. Four of the researchers (GA, LB,
SE, PD) evaluated the general morphology, including tenocyte
morphology and the pattern of collagen organisation, while
two (GA, LB) made detailed quantifications of tenocyte num-
bers in the tendon tissue proper independently, according to
the system used in ref V. Furthermore, one researcher (GA)
graded the degree of inflammation in the paratendinous tissue.
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The latter grading was done with a score of 0-3, 0 being ‘no
visible inflammatory cells” and 3 being ‘marked inflammatory
infiltration of the tissue’. This grading was performed twice
and the mean was calculated for statistical analysis.

Data from the counting of tenocytes concerning tendons
from both sides of the untrained controls and the 1-week con-
trols were re-used from a previous study.'” In accordance with
this previous collection of tendon tissue, tissue from the non-
exercised (left) leg of the SP-injected animals was collected for
comparison with the tissue from the exercised side.

Immunohistochemistry: receptor patterns and vascular
evaluation

Sections of 7 pm thickness were stained with the primary
antibodies (Table 1) according to established protocols.” ¥
Detection was done using a tetramethylrhodamine isothiocy-
anate-conjugated rabbit antimouse immunoglobulin G (Dako,
Denmark), 1:40 (for CD31), or Alexa Fluor 488 (Invitrogen,
California, USA), a green dye conjugated to a donkey antigoat
antibody, 1:300 (for NK-1R).

Vascularity was graded based on a Bonar scale?® that has
been modified,"” in which each tendon gets a final, combined
grade of 0 (normal) to 9 (highly vascular). Analogous to our
previous analysis of vascular proliferation in this model,"”
the mean grade of both tendons for each rabbit was used in
these comparisons, since there was no significant difference
(Wilcoxon signed rank test) between the two tendons in any
of the groups. This was possible for all groups except the NaCl
controls for which the unexercised tendon was not collected.

One observer (GA) graded the vascularity of the slides in a
blinded fashion. The previous study has shown the test-retest
reliability for this researcher to be good."”

Control stainings were performed via a phosphate-buffered
saline control and preabsorption of the NK-1R antibody via a
blocking peptide from the same manufacturer (sc-5220P, Santa
Cruz, California, USA) using a dilution of 50 pg/ml.

In situ hybridisation

Digoxigenin(DIG)-hyperlabelled oligonucleotide probes (ssDNA)
were used to detect NK-1R (also known as TACR1) mRNA
(GD1001-DS custom designed; GeneDetect, New Zealand) on
10 pm sections of unfixed tissue. As the rabbit TACR1 sequence
has not yet been cloned, a ‘triple probe cocktail’ was prepared.
This contained three antisense probes directed towards both
rat and human TACR1 mRNA and was considered to have a
very high probability of detecting the rabbit TACR1 mRNA.
The probe cocktail for TACR1 mRNA was used at 50 ng in 15
pl of hybridisation solution. For antisense probe sequences, see
Table 2. A ‘triple probe cocktail’ of the corresponding sense DIG-
hyperlabelled ssDNA probes was used as negative control. As
positive controls, a poly(dT) probe (GD4000-OP; GeneDetect,
New Zealand) and a B-actin antisense probe (GD5000-OP, Gene
Detect, New Zealand) were used.

The in situ hybridisation (ISH) procedure has been reported
by our laboratory in previous studies,” as well as by other
groups using similar techniques upon which our protocol is
based.?! In this protocol, an alkaline phosphatase (AP)-labelled

Table 1 Details of the primary antibodies used

Antigen Code Source Raised in Dilution
CcD31 M0823  Dako, Glostrup, Denmark Mouse (monoclonal) 1:100
NK-1R sc-5220 Santa Crug, California, USA  Goat (polyclonal) 1:50

BrJ Sports Med 2011;45:1017-1022. doi:10.1136/bjsm.2010.082750
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Table 2 Sequences of the digoxigenin-hyperlabelled ssDNA
antisense probes in the ‘triple probe cocktail’ custom designed to
detect rabbit TACR1 mRNA (GeneDetect, New Zealand)

Probe sequences

Probe #1: 5-GGCTGCACGAACTGGTTAGACTCAGAGGTGTTGGTGGAGATGTTGGGG-3
Probe #2: 5-TGGAGCTTTCTGTCATGGTCTTGGAGTTGCTGCGAGAGGAGCCGTTGG-3"
Probe #3: 5-TGACCACCTTGCGCTTGGCAGAGACTTGCTCGTGGTAGCGGTCAGAGG-3”

anti-DIG antibody (Roche, Germany, 11 093 274 910) is used
for detection.
Sections were evaluated by three of the scientists (GA, PD, SF).

Statistics
The Wilcoxon signed rank test was performed to compare ten-
dons of the same rabbit. The Kruskall-Wallis test was used to
test for differences between the groups, followed by pairwise
comparisons using the Mann-Whitney U test. The attained
p values were multiplied by the number of pairwise tests
(Bonferroni correction). These multiplied values are the ones
presented in the Results section.

Computer software (PASWStatistics18.0 for Macintosh
SPSS Inc, Chicago, Illinois, USA) was used for all statistical
calculations, with significance predetermined at p<0.05.

RESULTS

General morphology

The tendon tissue proper from the animals of the injected
groups was to varying degrees found to display tendinosis-like
tissue morphology, ie, occasional tenocytes of abnormal shape,
irregular collagen and separation of collagen bundles, similar
to that previously noticed for animals that had exercised for
3 weeks or more in the protocol.l” This was only rarely noted
forthe 1-week controls, and not at all for the untrained controls.
No evident differences between limbs were noted. However,
interindividual variations existed within all groups and the
influence on tissue morphology by postharvesting treatment
of biopsies (fixation, sectioning etc) made it difficult to draw
objective conclusions concerning the organisation of the col-
lagen. Nevertheless, cellularity and vascularity could easily be
analysed, and these features of tendinosis were therefore cho-
sen as objective measurements in accordance with the already
established protocol for evaluating this model regarding devel-
opment of tendinosis-like tissue changes.!”

As for the paratendinous tissue, an invasion of inflam-
matory cells was observed in the tissue from the exercised
groups, especially in proximity to the myotendinous junction.
Particularly, a marked cellularity of the paratenon was noted
in the SP-injected group. In this group, a pronounced swelling
of the paratendinous tissue, as seen macroscopically, was also
observed. Further notes on inflammation are described below.
Inflammatory cells were absent in the tendon tissue proper, as
is typically the case in human tendinosis.'®

NK-1R immunoreactions and mRNA

NK-1R (Figure 1A) and NK-1R-mRNA (Figure 1B) were seen in
cells of blood vessel walls of the tendon tissue in the SP- and
NaCl-injected groups, as evidenced by immunohistochemistry
and ISH, respectively. The reactions were mainly seen in the
endothelium, but the smooth muscle cells also expressed the
receptor. The negative control stainings showed no reactions
(preabsorptions and sense staining, respectively). However,
some vessels were immunonegative for NK-1R in all groups

BrJ Sports Med 2011;45:1017-1022. doi:10.1136/bjsm.2010.082750

Figure 1  Presence of NK-1R and NK-1R mRNA in vessels of the
rabbit Achilles tendon. (A) Transverse section of rabbit Achilles
tendon tissue from the exercised leg of a rabbit in the substance

P (SP)-injected group stained for NK-1R. Reactions are seen in the
endothelial layer of a large vessel (arrows). (B) Section from a rabbit
in the SP-injected group (exercised leg) processed with in situ
hybridisation, using digoxigenin-alkaline phosphatase detection,
detecting NK-1R (TACR1) mRNA. Antisense staining. Fine endothelial
reactions are seen in a blood vessel (arrows). (C) Tissue from a
rabbit in the SP-injected group (exercised leg) processed for NK-1R
immunohistochemistry. This vessel shows no NK-1R immunoreactivity
in endothelial cells (asterisk). This shows that there was a diversity
between different blood vessels concerning NK-1R reaction patterns
(cf. A). A 63x/0.95 objective-equipped microscope was used for the
immunofluorescence stainings and in situ hybridisation.

(Figure 1C). Paratendinous nerve fascicles, as well as inflam-
matory cells, showed NK-1R reactions (not shown). NK-1R
immunoreactivity (Figure 2, inset), as well as NK-IR mRNA
(Figure 2), were seen in the tenocytes in both injected groups.

For the untrained controls and 1-week group, it has previ-
ously been shown that these reactions are noticeable in the
tendon tissue.??

Quantification of tenocytes

There was a significant increase in the number of tenocytes
of the tendon tissue proper in the SP-injected group compared
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Figure 2  Section of Achilles tendon tissue from an animal in

the substance P-injected group (exercised leg) processed with in

situ hybridisation detecting NK-1R (TACR1) mRNA. Reactions are
seen in tenocytes (arrow) of the tendon tissue proper when using

an antisense probe cocktail and an alkaline phosphatase-labelled
antibody detecting the probe cocktail (cf. Material and Methods).
Inset: A tenocyte immunohistochemically stained for NK-1R displaying
reactions in the cellular membrane. Achilles tendon tissue from

a rabbit in the 1-week control group (exercised leg). A 63x/0.95
microscope objective was used.

with both the untrained controls and the 1-week controls
(Mann-Whitney U pairwise test; p<0.05, Figure 3). The
NaCl-injected group also showed increased tenocyte number
compared with untrained controls. There was, however, no
significant difference between the SP-injected group and the
NaCl controls, or between the latter and the 1-week controls
(Figure 3).

The median number of tenocytes quantified in the areas
of biopsy (283x213 pm?) was 99 for the untrained controls
(with the middle 50% of the observations, that is, the IQR,
lying between 93 (Ql=lowest quartile) and 101 (Q3=highest
quartile)) and 87 for 1-week controls (IQR: 78-101), see ref V.
The numbers were 157 for the NaCl-injected group (IQR: 135-
178) and 160 for the SP-injected group (IQR: 144-175).

In the SP-injected group, comparisons were made between
the tendons of both legs, both of which had been subjected to
SP injections. No significant difference in the number of teno-
cytes was seen when comparing the exercised (right) with the
non-exercised (left) legs (Figure 4). The non-exercised leg of
the animals in the SP-injected group had a median number of
tenocytes per quantified area of 155 (IQR: 153-164).

Vascularity
An increased vascularity was noted in the SP-injected group
compared with untrained controls (p=0.020, Figure 5). The
median vascular score for the SP-injected group was 7.25
(IQR: 5.25-8.25) and for the untrained control group it was
3.50 (IQR: 3.00-4.00). There was no significant increase of the
vascularity in the NaCl group (median: 4.00, IQR: 2.00-6.00)
compared with the untrained controls, and no statistically sig-
nificant difference in vascularity could be seen in any other
analysis made between the groups (see Figure 5).

There was no significant difference between the median
vascular grade of the tendons in the exercised leg and the grade
of those in the unexercised leg in the SP-injected group.
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Figure 3 Tenocyte count of the right (exercised) leg of the four
groups (untrained controls (‘controls’), 1-week controls, NaCl-
injected and substance P (SP)-injected groups). The median number
of tenocytes in the counted area (size 283213 um?; mean of

the counted number in three micrographs per tendon part) was
significantly (*p<0.05) increased in the injected groups compared
with the untrained control and/or 1-week groups. No significant
difference (ns) was found between the NaCl- and SP-injected groups.
Error bars indicate IQR. Mann—Whitney U test was used.
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number

300
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200

150 1
100

50

Right Left

Figure 4 Tenocyte count of the right and left legs of the animals in
the substance P-injected group. No significant difference (ns) in the
median number of tenocytes could be seen between the exercised
(right) and non-exercised (left) legs of the same rabbits. Wilcoxon
signed rank test. Error bars indicate IQR.

Paratendinous inflammation
Paratendinousinflammation was noted for all exercised groups.
The infiltration of inflammatory cells in the paratendinous tis-
sue was more extensive in the SP-injected group compared
with the NaCl controls, although there were also inflamma-
tory cells in the paratendinous tissue of the latter group as well
as in that of the 1-week controls.

The most apparent infiltration was seen in the loose con-
nective tissue at the level of the myotendinous junction. When

BrJ Sports Med 2011;45:1017-1022. doi:10.1136/bjsm.2010.082750
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Figure 5 Vascularity of the tendon tissue. Semiquantitative grading
of vascular structures using the modified Bonar scale. The median
grades for vascularity of the combined score for the three parts of
the tendon (mean grade for both tendons when available) showed a
significant (*p<0.05) difference only between the untrained control
group (‘controls’) and the substance P (SP)-injected group. Mann—
Whitney U test. Error bars indicate IQR.

using blinded grading of the level of inflammation (see Material
and Methods), and Mann-Whitney U statistical test, to com-
pare the two injected groups, a difference concerning grade
of inflammation was seen for the myotendinous junction, in
which the grade of inflammation was significantly higher for
the SP-injected group compared with the NaCl control group
(Figure 6; SP group: median=2.75, IQR=2.38-3.00, NaCl con-
trol group: median=1.50, IQR=0.50-1.75). No significant dif-
ference could be seen between the groups when looking at the
distal parts of the tendon or the middle portion.

DISCUSSION

In this study, we show that paratendinous SP injections accel-
erate the development of the tendinosis-like changes studied
(tenocyte hypercellularity and vascular proliferation) in the
Achilles tendon in response to an overuse protocol during a
time period of 1 week. We have previously shown that these
changes do not develop until after a minimum of 3 weeks of
exercise in this model, if no injections are given."” The obser-
vations presented here thus support an involvement of SP in
the processes that occur in the early development of tendino-
sis, and are in line with previous studies showing that SP con-
tributes towards tendon repair.? # Through stainings for the
preferred receptor for SP, the tachykinin receptor NK-1R, an
anatomic basis was provided for widespread SP effects in the
injected rabbit tendon tissue, including effects on blood ves-
sels, nerve structures, inflammatory cells and tenocytes. This
is in accordance with previous findings in human Achilles
tendon tissue,” 10 further underlining that this rabbit model is
valid for studies on SP effects in tendon diseases.

Surprisingly, a significant increase in tenocyte prolifera-
tion was noted not only in the SP-injected group but also in
the group injected with NaCl (saline). There was, however,
no increase in vascularity in the latter group. NaCl is consid-
ered a suitable control when analysing effects of administrated
substances. However, in this study, NaCl injections promoted

BrJ Sports Med 2011;45:1017-1022. doi:10.1136/bjsm.2010.082750
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NaCl Sp

Figure 6 Degree of inflammation in the paratenon of the proximal
part of the Achilles tendon (close to the myotendinous junction). A
significant difference (*p<0.05) in the semiquantitative grading of
inflammatory infiltrates could be seen, with a higher median grade for
the substance P (SP)-injected group, when compared with the NaCl-
injected group. Mann—Whitney U test. Error bars indicate IQR.

hypercellularity almost to the same degree as did SP. One
explanation for this finding is that the injections increased
local tissue pressure triggering an adaptive response, that is,
cellular proliferation. The administered volume of 1 ml (SP or
NaCl) in the connective tissue around the tendon might exert
a notable increase in intratendinous pressure. Alternately, the
proliferation of tenocytes may have been secondary to a pos-
sible increase in local release of SP or inflammatory cytokines
caused by the NaCl injections themselves; a phenomenon pre-
viously shown to occur in a mouse model in which intradermal
saline injections in the ear elevated tissue SP levels.?3 Moreover,
it has been theorised that an important clinical aspect of injec-
tion treatments for tendinosis may be due to a volume effect.?*
25 However, the mechanism of this volume effect is currently
unknown.

The observation that the vascularity of the tendon was
increased in the SP-injected group was not an unexpected
result, given the well-known angiogenic effects of SP.
However, if NaCl injections induced tenocyte proliferation
by stimulating endogenous SP production, as speculated in
the previous section, then why did such a possible increased
SP production due to NaCl injections not also affect vascu-
lar proliferation? An explanation may be that the angiogenic
effect was mostly related to effects of SP in the paratendinous
region, including effects on vessel ingrowth into tendon tis-
sue and proinflammatory effects. Indeed, this study shows
that SP injections led to significantly higher degrees of para-
tendinous inflammatory infiltration than NaCl injections.
Thus, it is possible that the more pronounced vascular prolif-
eration in the SP-injected group compared with NaCl controls
could potentially be ascribed to direct angiogenic effects of
SP,8 26 in parallel with the known proinflammatory effect of
SP, including mast cell activation. In fact it has been proposed
that tendinosis might occur secondarily to inflammation of
the paratendinous structures.?”

Interestingly, SP injections, being given in both legs,
increased the tenocyte number and vascular density not
only in the exercised leg, but also in the unexercised leg (see

1021


http://bjsm.bmj.com/
http://group.bmj.com/

Downloaded from bjsm.bmj.com on October 9, 2012 - Published by group.bmj.com

Original article

What is already known on this topic

» The tissue changes seen in tendinosis include cellular
proliferation and angiogenesis.

» Patients with tendinopathy show signs of an upregulated
substance P (SP) system within the diseased tendon.

» SP has established angiogenic and cell proliferative effects.

What this study adds

» Exogenously administered SP accelerates tenocyte
proliferation and angiogenesis in the Achilles tendon, and
causes a paratendinous inflammation, during tendinosis
development in a rabbit model.

» SPis likely to be involved in the development of tendinosis,
and is thus a possible target for intervention treatments.

Figure 4). In our previous study of this re-established animal
model,"” we showed that the unexercised leg was not a suit-
able control, as there were noticeable bilateral tendinosis-like
changes in response to unilateral training, possibly due to cen-
tral neuronal mechanisms; albeit that also on the resting side
these changes were seen only after a minimum of 3 weeks of
exercise if no injections were given. The present study dem-
onstrates that SP injections lead to tendinosis-like changes in
the rabbit tendon also without the tendon being directly exer-
cised. Consequently, SP alone, or possibly in combination with
transferred effects of exercise in the contralateral leg, seems to
produce the tissue changes, although this is not controlled for
in the present study.

Genderaspects are of importance in tendonresearch. Early in
vitro studies on rabbit tendon tissue cells showed that mRNA
levels of different important tissue regulators, such as insulin-
like growth factor-2, tissue inhibitor of metalloproteinase-1
and urokinase, are influenced by exogenously administered
SP, and, most interestingly, that the changes seen are gender
specific.’® When assessing the outcome of the present study, it
must therefore be stressed that only female animals were used
throughout the studies.

Summarising the results from this study, we found that injec-
tions of SP in combination with only 1 week of tendon over-
use caused histopathological changes similar to those found in
human Achilles tendinosis (angiogenesis and hypercellularity).
We also observed a pronounced paratendinous inflammatory
response to the injections. Saline injections had a statistically
significant effect on the number of tenocytes in the tendon tis-
sue proper, but caused no increase in vascularity or paratendi-
nous inflammation compared with the non-injection group. It
is obvious that SP may participate in the events that occur in
tendinosis development, which is clinically interesting since
substances are available for blocking of SP effects via NK-1R.
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