
HAL Id: hal-01175679
https://hal.science/hal-01175679v1

Submitted on 11 Jul 2015

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

TOL19-001 reduces inflammation and MMP expression in
monolayer cultures of tendon cells

Catherine Baugé, Sylvain Leclercq, Thierry Conrozier, Karim Boumediene

To cite this version:
Catherine Baugé, Sylvain Leclercq, Thierry Conrozier, Karim Boumediene. TOL19-001 reduces inflammation
and MMP expression in monolayer cultures of tendon cells. BMC Complementary and Alternative Medicine,
2014, 15 (1), pp.217. ⟨10.1186/s12906-015-0748-7⟩. ⟨hal-01175679⟩

https://hal.science/hal-01175679v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


RESEARCH ARTICLE Open Access

TOL19-001 reduces inflammation and MMP
expression in monolayer cultures of tendon cells
Catherine Baugé1,2*, Sylvain Leclercq1,2,3, Thierry Conrozier4 and Karim Boumediene1,2

Abstract

Background: Tendinopathies are tendon conditions associated with degeneration and disorganization of the matrix
collagen fibers, tendon cells apoptosis and inflammation through up-regulation of proinflammatory cytokines, matrix
metalloproteinase (MMP) expression, and prostaglandin E2 (PGE2) production. Currently, the pharmacological treatment
is mainly based on non-steroidal anti-inflammatory drugs (NSAIDs) use and corticosteroid injections, which both can
lead to numerous side effects for patients. TOL19-001 is a diet supplementary composed mostly of spirulina and
glucosamine sulfate whose antioxidant properties could be helpful to treat tendinopathies while avoiding taking
NSAIDs. In this study we developed an in vitro model of tendinopathy in order to evaluate the therapeutic potential
of TOL19-001.

Methods: Tendon cells were cultured on monolayer and treated with interleukin-1β (IL-1β) or ciprofloxacin (CIP), and
then, MMPs, PGE2 and collagen expression was evaluated by RT-PCR or Elisa. In addition, a cotreatment with increased
doses of TOL19-001 was done. Toxicity of TOL19-001 was evaluated using a metabolic activity assay.

Results: This study demonstrates that IL-1β mimics some aspects of tendinopathies with PGE2 induction, MMP
expression (mostly MMP1 and MMP3), and increases of type III/I collagen ratio. CIP, meanwhile, leads to an increase of
MMP2 and p65 mRNA, whereas it reduces TIMP1 expression. Scleraxis expression was also increased by CIP whereas it
was decreased by IL-1β treatment. Besides, TOL19-001 cotreatment suppresses tendon cell inflammation in vitro,
marked by the downregulation of PGE2, MMPs and type III collagen in IL-1β stimulated-cells. TOL19-001 also represses
CIP induced-changes.

Conclusions: These findings indicate that TOL19-001 exerts anti-inflammatory effects on tendon cells, which might
explain why TOL19-001 diet may improve tendon function in patients with tendon injury. Future research is required
to determine TOL19-001 effect on injured or overused tendons in vivo.

Keywords: Cytokines, Tendons, Tendinopathy, Spirulina, Quinolone, Ciprofloxacin, Interleukin-1, Matrix
metalloproteinases, Inflammation, Dietary supplements, Humans, In vitro model

Background
A tendon is a fibrous connective tissue which attaches
muscle to bone, and transmits force producing movements.
Tendons also function to stabilize joints and absorb large
shocks, protecting muscles from damage. The major ele-
ments of the extracellular matrix are collagen fibers which
represent about 65 to 80 % dry weight of tendon. These
collagen fibers, which are composed of type I collagen
(95 % of collagens) [1], and of some minor collagens

(collagen III, V and X), provide the tendons with
strength to withstand high loads. Proteoglycans, such as
decorin, glycoproteins and elastin also composed ten-
don matrix [1, 2]. These specific matrix components
give tendon its resilience and biomechanical stability.
The cellular component is represented by tenoblasts and

tenocytes, which are arranged in parallel rows between the
collagen fibers. Tenoblasts are immature spindle-shaped
tendon cells, containing abundant cytoplasmic organelles,
reflecting their high metabolic activity. As they age, teno-
blasts become elongated and transform into tenocytes. To-
gether, tenoblasts and tenocytes account for 90 to 95 % of
the cellular elements of tendons. The remaining cellular
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elements consist of chondrocytes, synovial cells and endo-
thelial cells [3]. Tenocytes have a low mitotic activity and
are poorly vascularized. Consequently, the metabolic rate of
tendons is relatively limited; oxygen consumption is 7.5
times lower than that of skeletal muscle and the turnover
time for tendon collagen varies from 50 to 100 days [4]. So,
damaged tendons are difficult to regenerate [5], and its re-
covery after injury takes time.
Historically, chronic pain referring to a symptomatic ten-

don was called “tendinitis”, implying inflammation as a
central pathological process. The more generically term
“tendinopathy” (TP) is now currently preferred [3, 6].
These tendon disorders are common and account for a
high proportion of referrals to rheumatologists and ortho-
pedic surgeons [7]. Several factors have been implicated in
TP pathogenesis, most of which may cause localized in-
flammatory reactions and also microdegeneration. Genetic
background and age may also play a role. Additionally, the
use of several drugs has been associated with TPs: the asso-
ciation has been proven for fluroquinolone antibiotics [8],
whereas the responsibility of statins [9], oral contraceptives
and locally injected corticosteroids [10, 11] is still debated.
Tendon healing occurs in three distinct but partially

overlapping phases [12]. The acute inflammatory phase
lasts for up to 3 to 7 days after injury. During this phase,
inflammatory agents such as interleukin-1β (IL-1β) are
produced by macrophages and other inflammatory cells
at the injured site. Then, the proliferation phase lasts
between 5 and 21 days. Tenocytes produce collagen,
which gradually increases the mechanical strength of the
tendon, so that loading can lead to elastic deformation.
The last phase is the maturation and remodeling phase
and it can take place for up to a year. The cross-linking
among collagen fibers increases and the tensile strength,
elasticity and structure of the tendon are improved.
The healing process [13] is primarily mediated by matrix

metalloproteinases (MMPs) and metalloproteinases with
thrombospondin motifs (ADAMTs) [14] and their tissue
inhibitors (TIMPs) [15]. These enzymes participate in
both collagen degradation and remodeling [14]. In
addition, during TP, changes in rates of collagen were
observed, including an increase in the proportion of colla-
gen type III compared to collagen type I. Wounding and
inflammation also provoke the release of growth factors
and cytokines from platelets, polymorphonuclear leuko-
cytes, macrophages and other inflammatory cells. These
growth factors induce neovascularization and stimulate
fibroblasts and tenocyte proliferation and synthesis of
collagen [16]. PGE2 could also be involved in the
healing process. PGE2 is a potent inhibitor of type I
collagen synthesis [17–19] and it has recently been
shown that PGE2 has catabolic effects on tendon struc-
ture, decreasing proliferation and collagen production
in human patellar tendon fibroblasts [20].

Since tendon injuries are common in adults, and require
more than 300,000 surgeries of tendons each year in the
U.S. [21], it is important to identify substances that can im-
prove the treatment or prevented tendon injuries. Non-
steroidal anti-inflammatory drugs and corticosteroids are
commonly prescribed to minimize inflammation and sub-
sequent damage to tissue integrity [22]. They may be bene-
ficial for pain and function in the early phases of disease,
but are usually ineffective later [23, 24], and associated
with numerous side effects including inhibitory effects on
proteoglycan synthesis and cell proliferation [25]. There-
fore, investigation continues for safer and more selective
pharmaco-therapies for tendinopathies. Preliminary studies
utilizing Platelet-Rich-Plasma (PRP) [26], anakinra (an
interleukin-1 antagonist) [26] or apronitin (a MMP-
inhibitor) [28] have produced encouraging results, suggest-
ing that substances targeting IL-1β or inhibiting MMPs
may be useful. Here, we propose that the association of
spirulina, glucosamine sulfate, ginseng, selenium, sillicium,
iron, vitamin E and zinc (TOL19-001, marketed as Cica-
tendon®, LABRHA Laboratory, Lyon, France) may have a
beneficial effect on tendon healing and repair.
In this study, we developed two original models to

investigate in vitro effects of drugs on a heterogeneous
population of human resident tendon cells in adherent
monolayer culture, and showed that TOL19-001
efficiency reduces inflammation and MMP expression.

Methods
Reagents
Reagents were supplied by Invitrogen (Fisher Bioblock
Scientific, Illkirch, France) unless otherwise noted. IL-1β
(Sigma-Aldrich, St. Quentin Fallavier, France) was resus-
pended in phosphate buffered saline (PBS) with BSA.
Ciprofloxacin (CIP) was provided by Fresenius Kabi
(Sèvres, France). Oligonucleotides were supplied by
Eurogentec (Angers, France). TOL19-001 (Cicatendon®,
Labhra, Lyon, France) was resuspended in PBS.

Tendon cell culture
Tendons from the pyramidal muscle were obtained from
patients undergoing arthroscopic surgery. All donors signed
agreement forms before surgery, according to local legis-
lations (agreement #A13-D46-VOL.19 obtained from local
ethical committee, “Comité de Protection des Personnes
Nord Ouest III”). Human resident tendon cells were isolated
by washing several times tendon samples with phosphate
buffered saline (PBS), dissection into small pieces and incuba-
tion with 2 % collagenase type II in DMEM supplemented
with 10 % fetal calf serum (FCS) overnight at 37 °C. The
digested material was then placed in a tissue culture flask and
cultured in DMEM supplemented with 10 % FCS and anti-
biotics. Cells were incubated at 37 °C, 95 % humidity and 5 %
carbon dioxide with a change of medium every 2–3 days.
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Experimental design
In all experiments, tendon cells after one passage were
used to prevent their dedifferentiation.
Tendon cells were treated at confluency with IL-1β or

CIP in the presence or not of TOL19-001 for 48 h. Then,
different analysis were performed on cells or culture
medium.

RNA Extraction and real-time reverse transcription–
Polymerase chain reaction
Total RNA from primary tendon cell cultures were ex-
tracted using Trizol® Reagent (Life Technologies, #15596-
018) [27, 28]. After extraction, 1 μg of DNase-I–treated
RNA was reverse transcribed into cDNA in the presence of
oligodT and Moloney murine leukemia virus reverse tran-
scriptase. The reaction was carried out at 37 °C for 1 h
followed by a further 10-min step at 95 °C. Amplification of
the generated cDNA was performed by real-time PCR in an
Applied Biosystems SDS7000 apparatus with appropriate
primers designed with Primer Express software. The rela-
tive mRNA level was calculated with the 2–ΔΔCT method.

WST1 assay
Cytotoxicity was evaluated by tetrazolium colorimetric
WST1 assay (Product No 05015944001, Roche Diagnostics,
Meylan, France) [29, 30]. Tetrazolium salts are cleaved to
formazan by the succinate-tetrazolium reductase system
(EC 1.3.99.1) which belongs to the respiratory chain of the
mitochondria, and is only active in metabolically intact
cells. Therefore, the amount of formazan dye formed
(which can be quantitated with a scanning multi-well
spectrophotometer) directly correlates to the number of
metabolically active cells in the culture.
Tendon cells (undergoing one passage) were plated into

96-well microtiter plates. At 70 % confluence, cells were
incubated with CIP (100 μg/ml) or IL-1β (1 ng/ml). One
hour before the end of incubation, 10 μl of WST1 solution
were added to all wells. Optical density was measured on
a spectrophotometer plate reader (1420 Multilabel Coun-
ter, Perkin Elmer) at 450 nm. A well without cells contain-
ing complete medium and WST1 only acted as blanks.

Elisa
PGE2 and MMPs released into conditioned media was
quantified using commercially available enzyme immuno-
assay kit (R&D Systems). Absorbance was determined at
450 nm with a wavelength correction set at 540 nm.

Statistical analysis
Three different experiments were performed. The values
are means ± standard deviation and the significance of
differences was calculated with Student’s t test.

Results
This study was undertaken to investigate the effect of
TOL19-001® in human tendon cells in two in vitro models
of tendinopathies. However, such models do not currently
exist. Since tendon overuse injuries and tendinopathies
are accompanied by inflammation through up-regulation
of proinflammatory cytokines, matrix metalloproteinase
(MMP) expression, and prostaglandin E2 (PGE2) produc-
tion, which could initiate the degradation and remodeling
of tendons [31, 32], we tried to reproduce these changes
in tendon cell culture. Two approaches were tested: the
first one was a treatment with a fluoroquinolone anti-
biotic, called ciprofloxacin (CIP); the second one consists
to treat cells with a proinflammatory cytokine, IL-1β.

CIP and IL-1β differently induced MMP expression in
tendon cells
First, we analyzed the induction of MMPs (MMP1, 2, 3) by
CIP and IL-1β (Figure 1). Tendon cells (at passage 1) were
treated with IL-1β (1 ng/ml) or CIP (100 μg/ml) for 48 h. By
RT-PCR and Elisa, we found that IL-1β strongly increased
MMP1, MMP2 and MMP3 mRNA level, and release in
medium. The effect on MMP2 was more moderated com-
pared to MMP1 and MMP3. CIP, meanwhile, induced a
slight increase of MMP1, MMP2 and MMP3 mRNA levels.
The induction of MMP2 was more important compared to
other MMPs, and similar to this obtained with IL-1β treat-
ment. However, no significant effect on MMP release in
medium was observed after CIP treatment.
Furthermore, we investigated the effect of IL-1β and

CIP on TIMP1 expression, and showed that 48 h-treat-
ment with IL-1β increased TIMP1 mRNA level, whereas
CIP reduced it.

CIP, but not IL-1β increased p65 mRNA expression
Since it is known that MMPs are regulated, in part, by
NFκB pathway, we hypothesized that IL-1β and CIP may
activate this signaling pathway in tendons cells. Insofar
as we have previously observed that IL-1β regulates
NFκB signaling in chondrocytes, in part, by increasing
mRNA expression of the NFκB subunit p65, we postu-
lated that, in tendon cells, IL-1β and CIP may also
upregulate p65. Surprisingly, IL-1β (1 ng/ml) did not in-
duce an increased p65 mRNA level in tendon cells after
48 h-treatment (Fig. 2a). However, CIP increased its ex-
pression. This suggests that CIP and IL-1β have different
mechanisms of action.

IL-1β, but not CIP, induced PGE2 in tendon cells
We also investigated the effect of IL-1β and CIP treat-
ment on PGE2 expression (Fig. 2b). As for MMPs, we
found a differential response of tendon cells to treat-
ments. In our culture conditions, only IL-1β was able to
significantly induce PGE2 release by tendon cells.
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IL-1β downregulated type I collagen and scleraxis,
whereas it upregulated type III collagen
Furthermore, we examined whether CIP or IL-1β treat-
ment modify matrix gene expression (Fig. 3a and b). We
focused on type I and type III collagens, the major compo-
nents of tendon matrix. Interestingly, we found that IL-1β
treatment reduced type I collagen mRNA level, whereas it
increased type III collagen expression. In contrast, we
could not find a significant effect of CIP.

It is known that type I collagen is regulated in part by
scleraxis in tenocytes. Therefore, we investigated the effect
of IL-1β on scleraxis expression (Fig. 3c), and showed that
IL-1β down-regulated scleraxis mRNA that could explained
the reduction of type I collagen by IL-1β.

TOL19-001® is not toxic for tendon cells
Tendon cells treated with TOL19-001 (0.5 – 3 μg/ml of
spirulina) showed no sign of cytotoxic effects or any

Fig. 1 Effect of CIP and IL-1β on MMPs and TIMP-1 expression. Tendon cells (have been incubated with CIP (100 μg/ml) or IL-1β (1 ng/ml) for
48 h. Next, MMP1, MMP2 and MMP3 mRNA levels were determined by RT-PCR (a), and MMP release by ELISA (b). TIMP1 mRNA expression was
also determined by RT-PCR (c). Histograms represent mean values from 3 independent experiments ± SEM

Fig. 2 Effect of CIP and IL-1β on p65 mRNA level and PGE2 release. Tendon cells were treated as Fig. 1, and p65 mRNA level (a) and PGE2 release
(b) were determined by RT-PCR and ELISA, respectively. Histograms represent mean values from 3 independent experiments ± SEM
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negative effects on cell viability (data not shown) at the
light microscopic. In addition, treatment did not affect
cell proliferation as shown by Wst1 assay (Fig. 4).

TOL19-001® reduced PGE2 and MMP expression in IL-1β
stimulated- tendon cells
Co-treatment with TOL19-001 reduced the effects of IL-1β.
Indeed, at mRNA level, TOL19-001, (used at 1.5 μg/ml of
spirulina), significantly inhibited the induction of MMP1,
MMP2 and MMP3 (by about 40 %) (Fig. 5a). These effects
were also found when we analyzed MMP release in
medium, but were less important (Fig. 5b). In addition,
TOL19-001 impaired PGE2 release in IL-1β stimulated-
tendon cells (Fig. 5B). Interestingly, co-treatment of tendon
cells with TOL19-001 also reduces type III collagen expres-
sion in IL-1β treated-cells (Fig. 5c).

TOL19-001® decreased MMP2 and p65 expression in CIP
stimulated-tendon cells

We, also, examined whether TOL19-001 was also able to
counteract CIP effects on tendon cells. TOL19-001 co-
treatment reduced MMP2 and p65 mRNA expression,

Fig. 3 Effect of CIP and IL-1β on type I and III collagen and scleraxis mRNA level. Tendon cells were treated as Fig. 1, and type I and III collagen
(a, b) and scleraxis (c) mRNA expression was evaluated by RT-PCR. Histograms represent mean values from 3 independent experiments ± SEM

Fig. 4 Effect of TOL19-001® on metabolic activity of tendon cells.
Tendon cells (at passage 1) have been incubated in the presence of
TOL19-001® (dose equivalent to 0.5 to 3 μg/ml of spirulina) for 48 h.
Then, metabolic activity was evaluated by Wst1 assay. Values were
normalized to OD from untreated cells. Histograms represent mean
values from 3 independent experiments ± SEM
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whereas it increased that of TIMP1 in CIP stimulated-
tendon cells (Fig. 6).
These results showed that TOL19-001 counteracts

most of CIP and IL-1β induced-effects on tendon cells.

Discussion
A major difficulty to identify efficient treatments against
TPs is the absence of models easily usable in laboratory. In-
deed, there is currently no in vitro nor in vivo model cap-
able of mimicking all the conditions of these pathologies.

Here, we used two different condition cultures able to
induce some modifications comparable to human TP
pathologies, which are accompanied by inflammation and
degradation of the tendon extracellular matrix.
The first model was a treatment of monolayer culture

of tendon cells with CIP, a fluoroquinolone antibiotic.
This family of drugs is, indeed, known to induce tendon
lesions in vivo [33–40] by causing matrix disruption,
inflammation, and degenerative changes of tenocytes
[37, 41]. In this study, we showed that CIP affects

Fig. 5 Effect of TOL19-001® in IL-1β stimulated-tendon cells. Tendon cells have been treated with IL-1β (1 ng/ml) and TOL19-001 (dose equivalent
to 0.5 μg/ml and 1.5 μg/ml of Spirulina) for 48 h. Then, MMP, PGE2, collagen and scleraxis expression was evaluated by RT-PCR (a and c) or ELISA
(b). Histograms represent mean values from 3 independent experiments ± SEM
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tendon cells, including inhibition of cell proliferation
(data not shown), increased expression of p65 NFkB
subunits and MMPs (at least at mRNA level). However,
unlike others works [42, 43], we did not observe a
reduction of matrix genes.
The second model consisted to treat monolayer cell

cultures with IL-1β [44]. Indeed, pro-inflammatory cyto-
kines such as IL-1β have been identified as the main ini-
tiators of tendinopathy, stimulating inflammation,
apoptosis and matrix degradation [45]. At a tendon in-
jury site, pro-inflammatory cytokines such as IL-1β may
initiate a cascade of events leading to tendon destruction
and loss of biomechanical structural integrity. Further-
more, besides the up-regulation of inflammatory media-
tors (PGE2), we found that IL-1β significantly up-
regulates MMPs, and down-regulates the expression of
type I collagen whereas it increases type III collagen
mRNA in tendon cells. These modifications of matrix
gene expression are coherent with changes of tissue re-
modeling observed during TPs. Indeed, whereas normal
tendons mainly comprise type I collagen, injured ten-
dons have a higher percentage of type III collagen, which
is deficient in the number of cross-links between and
within the tropocollagen units [46]. Surprisingly, we did
not observe an increased expression of p65 mRNA after
IL-1β treatment. However, it is possible that the IL-1β
dose or treatment time was inadequate to observe NFkB
activation. Indeed, it is well known that IL-1β acts very
quickly on NFkB pathway (about minutes). However,
here, we analysed effects of IL-1β on tendon cells after
48 h-treatments. It may be too long [47]. Beside, here,
we used a single concentration of IL-1β (1 ng/ml)
whereas in the majority of previous study showing NFkB
activation in tenocytes, IL-1β was used at higher concen-
tration [48–50]. So, we may observe an effect whether
we had studied higher dose of IL-1β, or used a shorter
incubation time. In addition, we could not exclude that,
in tenocytes, IL-1β induces NFκB activation through a

post-transcriptional regulation. Indeed, NF-κB is present in
the cytoplasm in its resting stage as a heterotrimer complex
consisting of two subunits and an additional inhibitory sub-
unit, IκBα [51]. During the activation process, the inhibitory
subunit IκBα is phosphorylated at Ser-32 and Ser-36
residues by IKK kinase (IκBα kinase) and is subsequently
degraded. Once released, subunits of activated NF-κB trans-
locate to the nucleus and mediate transcription of various
inflammatory and catabolic gene products [52, 53]. Thus, it
is likely that IL-1β induces NF-κB activation in tenocytes
[44], whereas it does not upregulate p65 mRNA expression,
and consequently by a different mechanism than CIP. IL-1β
may also act through the activation of numerous other
signal transduction systems such as MAP kinases.
Although CIP and IL-1β have been several times used

in tenocytes [42, 43, 54, 55], this is, at our knowledge,
the first report comparing their effects. This work shows
that CIP has moderate effects on tendon cells, compared
to IL-1β, suggesting that IL-1β treatment is a better
model to mimic tendinopathies in vitro (with an increase
of MMPs, PGE2 and type III collagen expression) than
CIP. However, a CIP treatment may also be used to
mimic fluroquinone-induced TP.
Next, we used these both treatments to investigate the ef-

fect of a nutraceutical formulation composed mainly of
Spirulina (TOL19-001®) on tendon cells. We found that
TOL19-001® reduces the expression of MMPs, PGE2 and
type III collagen in IL-1β stimulated cells. In addition, in
CIP-treated cells, TOL19-001® decreases MMP2 and p65
mRNA expression, whereas it increases one of TIMP1. This
data suggest that TOL19-001® may be benefit for patients
suffering of tendinopathies.
The downregulation of PGE2, which is present at high

levels in injured tendons and causes vasodilatation [56]
and hyperalgesia [57], may reduce pain associated with
tendon inflammation. Indeed, PGE2 can increase the
amount of substance P, a major neuro-transmitter of
pain sensations which is released in sensory nerves [58].

Fig. 6 Effect of TOL19-001® in CIP stimulated-tendon cells. Tendon cells have been treated with CIP (100 μg/ml) and TOL19-001 (dose equivalent
to 0.5 μg/ml and 1.5 μg/ml of Spirulina) for 48 h. Then, MMP2, TIMP1 and p65 mRNA expression was evaluated by RT-PCR. Histograms represent
mean values from 3 independent experiments ± SEM
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Furthermore, healing tendons eventually form type III
collagen-rich scar tissue, which impairs tendon function
and makes the tendon susceptible to re-injury because
the scar tissue has inferior mechanical properties com-
pared to intact tendons (rich in type I collagen) [59]. In
these conditions, TOL19-001® may have a benefit effect
on healing in reducing type III collagen production.
Besides, TOL19-001® reduces expression of MMPs,

which may reduce the deterioration of tendons. Indeed,
matrix metalloproteinases are known to be involved in
tendon matrix degradation [60, 61] due to their ability to
degrade various ECM components, including collagen,
fibronectin, and proteoglycans [62]. MMPs are expressed
in normal tendon and upregulated during tendon healing
[63, 64]. Given their role in the degradation and remodel-
ing of tissue, we hypothesize that the inhibition of MMP
expression induced by TOL19-001® might favor regenera-
tive processes and tendon scarring.
TOL19-001® is mainly composed of Spirulina (S. max-

ima) (about 60 %), glucosamine sulfate (~20 %), and gin-
seng (~15 %). Consequently, it is difficult to know which
component is responsive for TOL19-001® action. Spirulina
(Arthrospira) maxima, is an undifferentiated multicellular
filamentous cyanobacterium (blue-green alga) [65] that has
a long history of use as food. Early interest in Spirulina
focused mainly on its potential as a source of protein and
vitamins [65, 66], but recently more attention has been
made to study its therapeutic use, and a number of pub-
lished reports suggest beneficial effects of this microalgae.
Spirulina have anti-cancer and immune suppressing
actions [67–69], antioxidant properties [70] and anti-
inflammatory activity [71–73]. Antioxidant properties of
this cyanobacterium are attributed to molecules, such as
c-phycocyanin, β-carotene, tocopherol, γ-linolenic acid,
and phenolic compounds. The c-phycocyanin from Spiru-
lina has been shown to exert strong free radical scavenging
activity [74]. Studies in vitro and in vivo have shown that
the antioxidant components produced by Spirulina [65,
75] can prevent or delay oxidative damage by reducing the
accumulation of ROS [76] through the activation of the
antioxidant enzyme systems of catalase (CAT), superoxide
dismutase (SOD), and glutathione peroxidase (GPx) [77].
Besides, the anti-inflammatory activity of phycocyanin has
been demonstrated in various in vitro studies and in vivo
experimental models such as mice with arthritis or sepsis
[78–80]. In addition to Spirulina, glucosamine sulfate may
also be responsive for anti-inflammatory effects of TOL19-
001® in tendon cells.

Conclusions
Tendon injuries are a common condition encountered
in orthopaedic surgery and sport medicine practice. In
the past few decades, incidences of tendon injuries have
increased significantly in both recreational and highly-

competitive athletes. NSAID are insufficient for treat
tendinopathies due to their numerous side effects. Here,
thanks to the characterization of in vitro models using
tendon cells cultured in monolayer to study TP, we show
that diet supplementary enriched in Spirulina and
glucosamine sulfate, such as TOL19-001®, may be ben-
efic against TP by regulating inflammation and tendon
matrix remodeling.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
CB participated in the conception and design of the study, carried out the
experiments, and drafted the manuscript. SL participated in the design of
the study and carried out the experiments. TC participated to the
coordination of the study. KB participated in the conception and design of
the study, carried out some experiments, and helped to draft the
manuscript. All authors read and approved the final manuscript.

Acknowledgments
The authors thank MC Enos (EA4652 MILPAT) for administrative assistance.

Funding
The funding support for this study was from Labhra laboratory, which
supplied also TOL19-001 reagent. The funding lab had no role in the study
design, data collection and analysis, decision to publish, or preparation of
the manuscript.

Author details
1Normandie Univ, Caen, France. 2EA4652 Equipe BioConnecT, UFR de
médecine, Université de Caen, CS14032 Caen cedex 5, Caen, France.
3Clinique Saint-Martin, Caen, France. 4Service de rhumatologie, Hôpital Nord
Franche-Comté, Belfort, France.

Received: 12 December 2014 Accepted: 25 June 2015

References
1. Riley G. The pathogenesis of tendinopathy. A molecular perspective.

Rheumatol Oxf Engl. 2004;43:131–42.
2. Parkinson J, Samiric T, Ilic MZ, Cook J, Handley CJ. Involvement of

proteoglycans in tendinopathy. J Musculoskelet Neuronal Interact.
2011;11:86–93.

3. Abate M, Gravare-Silbernagel K, Siljeholm C, Di Iorio A, De Amicis D, Salini V,
et al. Pathogenesis of tendinopathies: inflammation or degeneration?
Arthritis Res Ther. 2009;11:235.

4. Vailas AC, Tipton CM, Laughlin HL, Tcheng TK, Matthes RD. Physical activity
and hypophysectomy on the aerobic capacity of ligaments and tendons.
J Appl Physiol. 1978;44:542–6.

5. Woo SL, Hildebrand K, Watanabe N, Fenwick JA, Papageorgiou CD, Wang
JH. Tissue engineering of ligament and tendon healing. Clin Orthop.
1999;367 Suppl:S312–323.

6. Maffulli N, Khan KM, Puddu G. Overuse tendon conditions: time to change a
confusing terminology. Arthrosc J Arthrosc Relat Surg Off Publ Arthrosc
Assoc N Am Int Arthrosc Assoc. 1998;14:840–3.

7. Bamji AN, Dieppe PA, Haslock DI, Shipley ME. What do rheumatologists do?
A pilot audit study. Br J Rheumatol. 1990;29:295–8.

8. Chhajed PN, Plit ML, Hopkins PM, Malouf MA, Glanville AR. Achilles tendon
disease in lung transplant recipients: association with ciprofloxacin.
Eur Respir J. 2002;19:469–71.

9. Marie I, Delafenêtre H, Massy N, Thuillez C, Noblet C. Network of the
French Pharmacovigilance Centers: Tendinous disorders attributed
to statins: a study on ninety-six spontaneous reports in the period
1990–2005 and review of the literature. Arthritis Rheum.
2008;59:367–72.

10. Fredberg U. Local corticosteroid injection in sport: review of literature
and guidelines for treatment. Scand J Med Sci Sports. 1997;7:131–9.

Baugé et al. BMC Complementary and Alternative Medicine  (2015) 15:217 Page 8 of 10



11. Van der Linden PD, Sturkenboom MCJM, Herings RMC, Leufkens HMG,
Rowlands S, Stricker BHC. Increased risk of achilles tendon rupture with
quinolone antibacterial use, especially in elderly patients taking oral
corticosteroids. Arch Intern Med. 2003;163:1801–7.

12. Aspenberg P. Stimulation of tendon repair: mechanical loading, GDFs and
platelets. A mini-review Int Orthop. 2007;31:783–9.

13. Sharma P, Maffulli N. Tendon injury and tendinopathy: healing and repair.
J Bone Joint Surg Am. 2005;87:187–202.

14. Riley GP, Curry V, DeGroot J, van El B, Verzijl N, Hazleman BL, et al. Matrix
metalloproteinase activities and their relationship with collagen remodelling
in tendon pathology. Matrix Biol J Int Soc Matrix Biol. 2002;21:185–95.

15. Nagase H, Visse R, Murphy G. Structure and function of matrix
metalloproteinases and TIMPs. Cardiovasc Res. 2006;69:562–73.

16. Sharma P, Maffulli N. Biology of tendon injury: healing, modeling and
remodeling. J Musculoskelet Neuronal Interact. 2006;6:181–90.

17. Riquet FB, Lai WF, Birkhead JR, Suen LF, Karsenty G, Goldring MB.
Suppression of type I collagen gene expression by prostaglandins in
fibroblasts is mediated at the transcriptional level. Mol Med Camb Mass.
2000;6:705–19.

18. Thampatty BP, Im H-J, Wang JH-C. Leukotriene B4 at low dosage negates
the catabolic effect of prostaglandin E2 in human patellar tendon
fibroblasts. Gene. 2006;372:103–9.

19. Varga J, Diaz-Perez A, Rosenbloom J, Jimenez SA. PGE2 causes a coordinate
decrease in the steady state levels of fibronectin and types I and III
procollagen mRNAs in normal human dermal fibroblasts. Biochem Biophys
Res Commun. 1987;147:1282–8.

20. Cilli F, Khan M, Fu F, Wang JH-C. Prostaglandin E2 affects proliferation and
collagen synthesis by human patellar tendon fibroblasts. Clin J Sport Med
Off J Can Acad Sport Med. 2004;14:232–6.

21. Pennisi E. Tending tender tendons. Science. 2002;295:1011.
22. Bernard-Beaubois K, Hecquet C, Houcine O, Hayem G, Adolphe M. Culture and

characterization of juvenile rabbit tenocytes. Cell Biol Toxicol. 1997;13:103–13.
23. Alfredson H, Ohberg L, Forsgren S. Is vasculo-neural ingrowth the cause of

pain in chronic Achilles tendinosis? An investigation using ultrasonography
and colour Doppler, immunohistochemistry, and diagnostic injections.
Knee Surg Sports Traumatol Arthrosc Off J ESSKA. 2003;11:334–8.

24. Hay EM, Paterson SM, Lewis M, Hosie G, Croft P. Pragmatic randomised
controlled trial of local corticosteroid injection and naproxen for treatment
of lateral epicondylitis of elbow in primary care. BMJ. 1999;319:964–8.

25. Riley GP, Cox M, Harrall RL, Clements S, Hazleman BL. Inhibition of tendon
cell proliferation and matrix glycosaminoglycan synthesis by non-steroidal
anti-inflammatory drugs in vitro. J Hand Surg Edinb Scotl. 2001;26:224–8.

26. Orchard J, Massey A, Brown R, Cardon-Dunbar A, Hofmann J. Successful
management of tendinopathy with injections of the MMP-inhibitor aproti-
nin. Clin Orthop. 2008;466:1625–32.

27. Baugé C, Legendre F, Leclercq S, Elissalde JM, Pujol JP, Galéra P, et al.
Interleukin-1β impairment of transforming growth factor β1 signaling by
down-regulation of transforming growth factor β receptor type II and
up-regulation of Smad7 in human articular chondrocytes. Arthritis Rheum.
2007;56:3020–32.

28. Chomczynski P. A reagent for the single-step simultaneous isolation of RNA,
DNA and proteins from cell and tissue samples. Biotechniques. 1993;15:532–4.

29. Baugé C, Lhuissier E, Girard N, Quesnelle C, Ewert G, Boumediene K.
Anti-inflammatory effects of an injectable copolymer of fatty acids
(Ara 3000 beta®) in joint diseases. J Inflamm Lond Engl. 2015;12:17.

30. Mosmann T. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J Immunol Methods.
1983;65:55–63.

31. Alvares O, Klebe R, Grant G, Cochran DL. Growth factor effects on the
expression of collagenase and TIMP-1 in periodontal ligament cells.
J Periodontol. 1995;66:552–8.

32. Tewari DS, Qian Y, Tewari M, Pieringer J, Thornton RD, Taub R, et al.
Mechanistic features associated with induction of metalloproteinases in
human gingival fibroblasts by interleukin-1. Arch Oral Biol. 1994;39:657–64.

33. Corps AN, Harrall RL, Curry VA, Fenwick SA, Hazleman BL, Riley GP.
Ciprofloxacin enhances the stimulation of matrix metalloproteinase 3
expression by interleukin-1beta in human tendon-derived cells. A potential
mechanism of fluoroquinolone-induced tendinopathy. Arthritis Rheum.
2002;46:3034–40.

34. Kashida Y, Kato M. Toxic effects of quinolone antibacterial agents on the
musculoskeletal system in juvenile rats. Toxicol Pathol. 1997;25:635–43.

35. Kashida Y, Kato M. Characterization of fluoroquinolone-induced Achilles
tendon toxicity in rats: comparison of toxicities of 10 fluoroquinolones and
effects of anti-inflammatory compounds. Antimicrob Agents Chemother.
1997;41:2389–93.

36. Kashida Y, Kato M. Possible involvement of nitric oxide in the quinolone-
induced tendon lesions in rats. Drugs Exp Clin Res. 1997;23:139–43.

37. Kato M, Takada S, Kashida Y, Nomura M. Histological examination on
Achilles tendon lesions induced by quinolone antibacterial agents in
juvenile rats. Toxicol Pathol. 1995;23:385–92.

38. Pierfitte C, Royer RJ. Tendon disorders with fluoroquinolones. Therapie.
1996;51:419–20.

39. Shakibaei M, de Souza P, van Sickle D, Stahlmann R. Biochemical changes in
Achilles tendon from juvenile dogs after treatment with ciprofloxacin or
feeding a magnesium-deficient diet. Arch Toxicol. 2001;75:369–74.

40. Zabraniecki L, Negrier I, Vergne P, Arnaud M, Bonnet C, Bertin P, et al.
Fluoroquinolone induced tendinopathy: report of 6 cases. J Rheumatol.
1996;23:516–20.

41. Shakibaei M, Stahlmann R. Ultrastructure of Achilles tendon from rats after
treatment with fleroxacin. Arch Toxicol. 2001;75:97–102.

42. Bernard-Beaubois K, Hecquet C, Hayem G, Rat P, Adolphe M. In vitro study
of cytotoxicity of quinolones on rabbit tenocytes. Cell Biol Toxicol.
1998;14:283–92.

43. Williams 3rd RJ, Attia E, Wickiewicz TL, Hannafin JA. The effect of
ciprofloxacin on tendon, paratenon, and capsular fibroblast metabolism.
Am J Sports Med. 2000;28:364–9.

44. Shakibaei M, Buhrmann C, Mobasheri A. Anti-inflammatory and anti-
catabolic effects of TENDOACTIVE® on human tenocytes in vitro. Histol
Histopathol. 2011;26:1173–85.

45. Tsuzaki M, Guyton G, Garrett W, Archambault JM, Herzog W, Almekinders L,
et al. IL-1 beta induces COX2, MMP-1, −3 and −13, ADAMTS-4, IL-1 beta and
IL-6 in human tendon cells. J Orthop Res Off Publ Orthop Res Soc.
2003;21:256–64.

46. Kader D, Saxena A, Movin T, Maffulli N. Achilles tendinopathy: some aspects
of basic science and clinical management. Br J Sports Med. 2002;36:239–49.

47. Corps AN, Curry VA, Buttle DJ, Hazleman BL, Riley GP. Inhibition of
interleukin-1β-stimulated collagenase and stromelysin expression in human
tendon fibroblasts by epigallocatechin gallate ester. Matrix Biol.
2004;23:163–9.

48. Buhrmann C, Mobasheri A, Busch F, Aldinger C, Stahlmann R, Montaseri A,
et al. Curcumin Modulates Nuclear Factor κB (NF-κB)-mediated
Inflammation in Human Tenocytes in Vitro ROLE OF THE
PHOSPHATIDYLINOSITOL 3-KINASE/Akt PATHWAY. J Biol Chem.
2011;286:28556–66.

49. Busch F, Mobasheri A, Shayan P, Stahlmann R, Shakibaei M. Sirt-1 Is Required
for the Inhibition of Apoptosis and Inflammatory Responses in Human
Tenocytes. J Biol Chem. 2012;287:25770–81.

50. Busch F, Mobasheri A, Shayan P, Lueders C, Stahlmann R, Shakibaei M.
Resveratrol Modulates Interleukin-1β-induced Phosphatidylinositol 3-Kinase
and Nuclear Factor κB Signaling Pathways in Human Tenocytes. J Biol
Chem. 2012;287:38050–63.

51. Kumar A, Takada Y, Boriek AM, Aggarwal BB. Nuclear factor-kappaB: its role
in health and disease. J Mol Med Berl Ger. 2004;82:434–48.

52. Ding GJ, Fischer PA, Boltz RC, Schmidt JA, Colaianne JJ, Gough A, et al.
Characterization and quantitation of NF-kappaB nuclear translocation
induced by interleukin-1 and tumor necrosis factor-alpha. Development and
use of a high capacity fluorescence cytometric system. J Biol Chem.
1998;273:28897–905.

53. Largo R, Alvarez-Soria MA, Díez-Ortego I, Calvo E, Sánchez-Pernaute O, Egido
J, et al. Glucosamine inhibits IL-1beta-induced NFkappaB activation in
human osteoarthritic chondrocytes. Osteoarthr Cartil OARS Osteoarthr Res
Soc. 2003;11:290–8.

54. Kempka G, Ahr HJ, Rüther W, Schlüter G. Effects of fluoroquinolones and
glucocorticoids on cultivated tendon cells in vitro. Toxicol Vitro Int J Publ
Assoc BIBRA. 1996;10:743–54.

55. Pouzaud F, Bernard-Beaubois K, Thevenin M, Warnet J-M, Hayem G, Rat P. In
vitro discrimination of fluoroquinolones toxicity on tendon cells: involve-
ment of oxidative stress. J Pharmacol Exp Ther. 2004;308:394–402.

56. Williams TJ. Prostaglandin E2, prostaglandin I2 and the vascular changes of
inflammation. Br J Pharmacol. 1979;65:517–24.

57. Ferreira SH, Nakamura M, de Abreu Castro MS. The hyperalgesic effects of
prostacyclin and prostaglandin E2. Prostaglandins. 1978;16:31–7.

Baugé et al. BMC Complementary and Alternative Medicine  (2015) 15:217 Page 9 of 10



58. Kopp UC, Cicha MZ. PGE2 increases substance P release from renal pelvic
sensory nerves via activation of N-type calcium channels. Am J Physiol.
1999;276(5 Pt 2):R1241–8.

59. Butler DL, Juncosa N, Dressler MR. Functional efficacy of tendon repair
processes. Annu Rev Biomed Eng. 2004;6:303–29.

60. Archambault J, Tsuzaki M, Herzog W, Banes AJ. Stretch and interleukin-1beta
induce matrix metalloproteinases in rabbit tendon cells in vitro. J Orthop
Res Off Publ Orthop Res Soc. 2002;20:36–9.

61. Tsuzaki M, Bynum D, Almekinders L, Yang X, Faber J, Banes AJ. ATP
modulates load-inducible IL-1beta, COX 2, and MMP-3 gene expression in
human tendon cells. J Cell Biochem. 2003;89:556–62.

62. Jung J-C, Wang PX, Zhang G, Ezura Y, Fini ME, Birk DE. Collagen fibril growth
during chicken tendon development: matrix metalloproteinase-2 and its
activation. Cell Tissue Res. 2009;336:79–89.

63. Loiselle AE, Bragdon GA, Jacobson JA, Hasslund S, Cortes ZE, Schwarz EM, et
al. Remodeling of murine intrasynovial tendon adhesions following injury:
MMP and neotendon gene expression. J Orthop Res Off Publ Orthop Res
Soc. 2009;27:833–40.

64. Oshiro W, Lou J, Xing X, Tu Y, Manske PR. Flexor tendon healing in the rat: a
histologic and gene expression study. J Hand Surg. 2003;28:814–23.

65. Kulshreshtha A, Zacharia AJ, Jarouliya U, Bhadauriya P, Prasad GBKS, Bisen
PS. Spirulina in health care management. Curr Pharm Biotechnol.
2008;9:400–5.

66. Saeid A, Chojnacka K, Korczyński M, Korniewicz D, Dobrzański Z. Biomass of
Spirulina maxima enriched by biosorption process as a new feed
supplement for swine. J Appl Phycol. 2013;25:667–75.

67. Ayehunie S, Belay A, Baba TW, Ruprecht RM. Inhibition of HIV-1 replication
by an aqueous extract of Spirulina platensis (Arthrospira platensis). J Acquir
Immune Defic Syndr Hum Retrovirology Off Publ Int Retrovirology Assoc.
1998;18:7–12.

68. Hayashi O, Katoh T, Okuwaki Y. Enhancement of antibody production in mice
by dietary Spirulina platensis. J Nutr Sci Vitaminol (Tokyo). 1994;40:431–41.

69. Iwata K, Inayama T, Kato T. Effects of Spirulina platensis on plasma
lipoprotein lipase activity in fructose-induced hyperlipidemic rats. J Nutr Sci
Vitaminol (Tokyo). 1990;36:165–71.

70. Miranda MS, Cintra RG, Barros SB, Mancini Filho J. Antioxidant activity of the
microalga Spirulina maxima. Braz J Med Biol Res Rev Bras Pesqui Médicas E
Biológicas Soc Bras Biofísica Al. 1998;31:1075–9.

71. González R, Rodríguez S, Romay C, Ancheta O, González A, Armesto J, et al.
Anti-inflammatory activity of phycocyanin extract in acetic acid-induced
colitis in rats. Pharmacol Res Off J Ital Pharmacol Soc. 1999;39:55–9.

72. Romay C, Ledón N, González R. Phycocyanin extract reduces leukotriene B4
levels in arachidonic acid-induced mouse-ear inflammation test. J Pharm
Pharmacol. 1999;51:641–2.

73. Romay C, Ledón N, González R. Effects of phycocyanin extract on
prostaglandin E2 levels in mouse ear inflammation test.
Arzneimittelforschung. 2000;50:1106–9.

74. Huang Z, Guo BJ, Wong RNS, Jiang Y. Characterization and antioxidant
activity of selenium-containing phycocyanin isolated from Spirulina
platensis. Food Chem. 2007;100:1137–43.

75. Reddy CM, Bhat VB, Kiranmai G, Reddy MN, Reddanna P, Madyastha KM.
Selective inhibition of cyclooxygenase-2 by C-phycocyanin, a biliprotein
from Spirulina platensis. Biochem Biophys Res Commun. 2000;277:599–603.

76. Zhang H, Chen T, Jiang J, Wong Y-S, Yang F, Zheng W. Selenium-containing
allophycocyanin purified from selenium-enriched Spirulina platensis
attenuates AAPH-induced oxidative stress in human erythrocytes through
inhibition of ROS generation. J Agric Food Chem. 2011;59:8683–90.

77. Thaakur SR, Jyothi B. Effect of spirulina maxima on the haloperidol induced
tardive dyskinesia and oxidative stress in rats. J Neural Transm Vienna
Austria. 1996;114:1217–25.

78. Remirez D, González R, Merino N, Rodriguez S, Ancheta O. Inhibitory effects
of Spirulina in zymosan-induced arthritis in mice. Mediators Inflamm.
2002;11:75–9.

79. Romay C, Armesto J, Remirez D, González R, Ledon N, García I. Antioxidant
and anti-inflammatory properties of C-phycocyanin from blue-green algae.
Inflamm Res Off J Eur Histamine Res Soc Al. 1998;47:36–41.

80. Romay C, Delgado R, Remirez D, González R, Rojas A. Effects of phycocyanin
extract on tumor necrosis factor-alpha and nitrite levels in serum of mice
treated with endotoxin. Arzneimittelforschung. 2001;51:733–6.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Baugé et al. BMC Complementary and Alternative Medicine  (2015) 15:217 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Reagents
	Tendon cell culture
	Experimental design
	RNA Extraction and real-time reverse transcription–Polymerase chain reaction
	WST1 assay
	Elisa
	Statistical analysis

	Results
	CIP and IL-1β differently induced MMP expression in tendon cells
	CIP, but not IL-1β increased p65 mRNA expression
	IL-1β, but not CIP, induced PGE2 in tendon cells
	IL-1β downregulated type I collagen and scleraxis, whereas it upregulated type III collagen
	TOL19-001® is not toxic for tendon cells
	TOL19-001® reduced PGE2 and MMP expression in IL-1β stimulated- tendon cells
	TOL19-001® decreased MMP2 and p65 expression in CIP stimulated-tendon cells

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgments
	Funding
	Author details
	References



