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ABSTRACT: Ciprofloxacin-induced tendinopathy and tendon rupture have been previously described, principally affecting the Achilles
tendon. This study was designed to investigate the effect of ciprofloxacin on expressions of matrix metalloproteinases (MMP)-2 and -9,
tissue inhibitors of metalloproteinase (TIMP)-1 and -2 as well as type I collagen in tendon cells. Tendon cells intrinsic to rat Achilles
tendon were treated with ciprofloxacin and then underwent MTT (tetrazolium) assay. Real-time reverse-transcription polymerase chain
reaction (RT-PCR) and Western blot analysis were used, respectively, to evaluate the gene and protein expressions of type I collagen, and
MMP-2. Gelatin zymography was used to evaluate the enzymatic activities of MMP-2 and -9. Reverse zymography was used to evaluate
TIMP-1 and -2. Immunohistochemical staining for MMP-2 in ciprofloxacin-treated tendon explants was performed. Collagen degradation
was evaluated by incubation of conditioned medium with collagen. The results revealed that ciprofloxacin up-regulated the expression
of MMP-2 in tendon cells at the mRNA and protein levels. Immunohistochemistry also confirmed the increased expressions of MMP-2 in
ciprofloxacin-treated tendon explants. The enzymatic activity of MMP-2 was up-regulated whereas that of MMP-9, TIMP-1 or TIMP-2
was unchanged. The amount of secreted type I collagen in the conditioned medium decreased and type I collagen was degraded after
ciprofloxacin treatment. In conclusion, ciprofloxacin up-regulates the expressions of MMP-2 in tendon cells and thus degraded type I
collagen. These findings suggest a possible mechanism of ciprofloxacin-associated tendinopathy. © 2010 Orthopaedic Research Society.
Published by Wiley Periodicals, Inc. J Orthop Res 29: 67-73, 2011
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The fluoroquinolone class of antibiotics (e.g.,
ciprofloxacin, levofloxacin, moxifloxacin) has been
used to treat a wide range of infections. It was reported
in the literature that quinolone-induced tendinopa-
thy or even tendon rupture principally affected the
Achilles tendon.!? However, the mechanisms by which
ciprofloxacin predisposes tendinopathy or even tendon
rupture remain to be investigated.

In animal studies with fluoroquinolone-treated rats,
disorganization of the extracellular matrix (ECM),
inflammation of the paratenon and degenerative
changes in tendon cells have been demonstrated.?*
Besides, fluoroquinolone class of antibiotics has been
documented to exert a number of effects on vari-
ous cell types in vitro, including reduced expression
of some ECM proteins,>® decreased mitochondrial
activity,’ enhanced matrix metalloproteinase (MMP)
expression®’ noncytotoxic inhibition of tendon cell
proliferation®® and inhibition of tendon cell migration.’
Further matrix degradation or repeated micro-trauma
to a tendinopathic tendon might inevitably lead to a
tendon rupture.

The basic constituent of a tendon is collagen, which
accounts for 70% of the dry weight of a tendon.'® Approx-
imately 90% of collagen in normal tendons is type I
and less than 10% is type III collagen.!! Type I colla-
gen is organized into fibrils grouped in parallel to form
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organized bundles while type III collagen is almost com-
pletely confined to the endotendineum which surrounds
the bundles.!? Tendon cells (fibroblasts), which are its
basic cellular component of a tendon, are the source
of collagen production, protein mediators of repair, and
matrix proteoglycans.!® It appears that the physiologic
response of tendon cells to trauma induces production
of both types I and III collagen.!® The biomechanical
properties of a tendon are primarily a feature of the
ECM (mainly collagen), which is in a state of dynamic
equilibrium between synthesis and degradation.*

Gelatinase such as MMP-2 and MMP-9 are MMPs
with collagenolytic activity.!>1® The activity of MMP
is inhibited by tissue inhibitors of MMPs (TIMPs)!7-18
and the balance in MMPs and TIMPs regulated tendon
remodeling. The expression of MMP-2 was up-regulated
in Achilles tendinopathy and MMP-9 expression was
also up-regulated in the ruptured area of Achilles
tendon.'®20 It is concerned that the potential combi-
nation of increased local matrix-degrading activity by
enhanced MMP expression and/or decreased ECM pro-
duction in tendon cells after ciprofloxacin treatment
might induce the occurrence of tendinopathy or tendon
rupture. The aim of this study is to investigate the effect
of ciprofloxacin on expressions of type I collagen, MMP-
2, MMP-9, TIMP-1, and TIMP-2 of tendon cells.

METHODS
All procedures were approved by the Institutional Animal Care
and Use Committee.
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Primary Culture of Rat Achilles Tendon Cells

Tendon cells were obtained from Sprague-Dawley rats
(200-250 g) as previously described.?! Samples from passages
2 to 4, with proper growth rate and normal fibroblast shape,
were used. All the following experiments were performed at
least in triplicate.

MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-Diphenyltetrazolium
Bromide) Assay

Tendon cells were left untreated or treated with 5, 10, 20,
and 50 pg/mL ciprofloxacin. Cell survival was determined
by MTT assay 24h after treatment. MTT (50 pg/mL) was
added and incubated at 37°C for 1h. Then, the MTT solu-
tion was discarded and 1mL DMSO was added to dissolve
formazan crystals. Optical density at 570 nm (OD 570 nm) in
aliquots was read using a spectrophotometer (Nano Drop 1000,
Thermo Scientific, Wilmington, DE). Percentages of OD value
for ciprofloxacin treated cells relative to the control were cal-
culated.

Quantitative Real-Time RT-PCR Analysis

Total RNA was extracted from tendon cells using solu-
tion D (1mL solution D/107 cells). Subsequently, total RNA
was extracted with phenol and chloroform/isoamyl alcohol
(49:1) to remove proteins and genomic DNAs. Comple-
mentary (¢c) DNA was synthesized using 1mg total RNA
in a 20mL volume RT reaction mix containing 0.5mg
of random primers, 0.8 mM dNTP, 0.1M DTT, and 1L
first strand buffer. Quantitative real-time RT-PCR was per-
formed using an SYBR Green and MxPro-Mx3000P QPCR
machine (Stratagene, NeoMarkers, Fremont, CA). Aliquots
(20ng) of cDNA were used for each quantitative PCR, and
each reaction was run in triplicate. The following primers
were used: GAPDH: 5'-TTCATTGACCTCAACTACAT-3' (for-
ward) and 5-GAGGGGCCATCCACAGTCTT-3' (backward),
type I collagen: 5'-TGGAGACAGGTCAGACCTG-3 (forward)
and 5-TATTCGATGACTGTCTTGCC-3' (reverse), as well
as MMP-2: 5-GGAAGCATCAAATCGGACTG-3 (forward)
and 5'-GGGCGGGAGAAAGTAGCA-3 (reverse). Relative gene
expressions between experimental groups were determined
using MxPro software (Stratagene) and GAPDH was used as
an internal control. All real-time RT-PCRs were performed in
triplicate, and changes in gene expressions were reported as
multiples of increases relative to the untreated controls.

Western Blot Analysis

The levels of MMP-2 in the conditioned medium were ana-
lyzed by Western blot analysis. The methods were described
as previous study.’ Primary antibodies such as mouse mono-
clonal antibody against tubulin, type I collagen, and MMP-2
were used. The semi-quantitative measurement of the band
density was calculated by using 1D Digital Analysis Software
(Kodak Digital Science™, Eastman Kodak, Rochester, NY).
The band densities were normalized to relative cell number
with the results being band density divided by the percent-
age of cell number from the results of corresponding MTT
assay. Normalized data were expressed as 100% in control

group.

Gelatin Zymography

MMP-2 and -9 in conditioned medium were detected by gelatin
zymography. It was performed under nonreducing conditions
using a 7.5 % SDS-polyacrylamide gel containing 2 mg/mL
gelatin (Mini-PROTEAN II system, Bio-Rad Laboratories Ltd,
Hempstead, UK). Gels were washed in 2.5% Triton X-100 to
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remove SDS and allow renaturation of MMPs, then transferred
to 50mM Tris (pH 7.5), 5mM CaCly, 1mM ZnCl; and incu-
bated at 37°C for 18 h. After staining with Coomassie brilliant
blue R250 (Bio-Rad Laboratories, Hercules, CA), pro-MMPs
and active MMPs result in white lysis bands, due to gelatin
degradation.

Reverse Zymography

Reverse zymography was performed similarly as zymography
with the exception that conditioned medium which contained
activities of MMP-2 and -9, was included in the gel mix except
gelatin. All washes and incubations procedures were the same
as for zymography. TIMP-1 and -2, which inhibited gelatin
digestion by MMP-2 and -9, appeared as dark bands on a white
background.

Ex Vivo Experimental Design and Immunohistochemistry
Achilles tendon (six tendons from three rats) was chopped
into two pieces and put separately into two dishes. Culture
medium made of Dulbecco’s modified Eagle’s medium (DMEM;
HyClone, Logan, UT), with 10% FBS (Cansera, Rexdale, ON,
Canada), 100 U/mL penicillin, and 100 mg/mL streptomycin in
the presence or absence of ciprofloxacin was added for 24 h.
The paraffin-embedded tissue sections were stained by the
standard immunoperoxidase staining procedure. In brief, the
paraffin embedded tendon blocks were cut into 5 um sections,
de-paraffinized, washed and then sequentially blocked for
endogenous peroxidase activity with 3% Hy 02, and nonspecific
antibody binding sites with 1% BSA and 1% goat serum. After
three washings in PBS, the tissue sections were incubated for
1h with mouse monoclonal antibodies against MMP-2 (Neo-
Marks, Fremont, CA) diluted in blocking solution. Negative
control was performed following the same procedures except
incubation with primary antibody. The signal was detected
with DAKO labeled streptavidin—biotin system and color
development was performed by incubation with diaminobenzi-
dine substrate-chromogen (DAKO, Via Real, Carpinteria, CA)
for 5 min.

Collagen Degradation

The condition media of tenocytes treated with or without vari-
ous concentrations of ciprofloxacin (5, 10, 20, and 50 pg/mL)
were collected and then mixed with collagen (0.5 mg/mL)
extracted from tendon (1:1). After incubation in 37°C for 24 h,
the reaction products were revealed by nondenaturing gel elec-
trophoresis. The collagen degradation, as demonstrated by the
decreased amount (band density) of collagen, was observed
after the gel was stained with Coomassie blue.

Statistical Analysis

All nonparametric data obtained by MTT assay and den-
sitometric analysis were expressed as the mean+ SEM.
Ciprofloxacin-treated and control cells were compared using
the Kruskal-Wallis test. The Mann—Whitney test was used to
determine the significance of differences. p values less than
0.05 were considered significant.

RESULTS
The Effect of Ciprofloxacin on Tendon Cell Viability

MTT data revealed that ciprofloxacin reduced relative
OD 570 nm in a dose-dependent manner. The OD value
relative to control group was 100.1 +1.6%, 90.8 +0.2%,
80.8 +4.4%, and 74.5 + 2.0% for cultures treated with 5,
10, 20, and 50 pg/mL ciprofloxacin, respectively. These
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Figure 1. The results of real-time RT-PCR (A) and densitometric
analysis of the results of Western blot analysis normalized to cell
number (MTT result) (B) (*p <0.05, n =3).

results indicated that ciprofloxacin decreased the cellu-
larity of tendon cells (p < 0.05).

The Effect of Ciprofloxacin on mRNA and Protein
Expressions of MMP-2

The results of real-time RT-PCR revealed that gene
expression of MMP-2 was up-regulated by ciprofloxacin
dose-dependently (Fig. 1A). Densitometric analysis for
the Western blot analysis for the amounts of secreted
MMP-2 normalized to cell number (MTT results)
revealed that the protein expression of MMP-2 (Fig. 1B)
was also up-regulated by ciprofloxacin dose dependently.
The difference between control and ciprofloxacin treated
cells were statistically significant (p < 0.05).

The Effect of Ciprofloxacin on Enzymatic Activities of
MMP-2 and -9

Result of gelatin zymography that analyzed the activi-
ties of MMP-2 and MMP-9 was shown in Figure 2A. The
major gelatinase activity in tendon cells was found to
be MMP-2, but not MMP-9. The MMP-2 activities from
different samples analyzed by densitometric method,
after subtracting the background value, were normal-

ized to cell number (MTT results) and dose-dependent
increase of MMP-2 activities was demonstrated after
ciprofloxacin treatment (Fig. 2B). However, the MMP-9
activities remained unchanged (Fig. 2C).

The Effect of Ciprofloxacin on Enzymatic Activities of
TIMP-1 and TIMP-2

Result of reverse zymography that analyzed the activ-
ities of TIMP-1 and -2 was shown in Figure 3A. The
densitometric analysis of TIMP-1 and -2 activities after
normalization to cell number remained unchanged after
ciprofloxacin treatment (Fig. 3B and C).

The Ex Vivo Effect of Ciprofloxacin on Expression of
MMP-2 in Tendon Explants

Immunohistochemical staining for MMP-2 in tendon
explants was further performed to validate whether
the same results could be found ex vivo (Fig. 4). Ten-
don explants treated with 50 wg/mL ciprofloxacin (Fig.
4D) revealed more significant brown staining within the
cytoplasm of tendon cells as compared to the control
explants (Fig. 4C), indicating increased expression of
MMP-2 in tendon treated with ciprofloxacin.

The Effect of Ciprofloxacin on Type | Collagen Expression
As shown in Figure 5A and B, both the mRNA
and cytosolic protein expressions of type I collagen
as reflected by real-time RT-PCR and Western blot
analysis, respectively, remained unchanged in tendon
cells after treatment with ciprofloxacin for 24h. In
contrast, the amount of secreted type I collagen in con-
ditioned medium was dose-dependently decreased by
ciprofloxacin (Fig. 5A and C), which was correlated well
with the increase of MMP-2 activities in the conditioned
medium.

Collagen Degradation

The result showed that more type I collagen was
degraded by the conditioned medium from tenocytes
treated with ciprofloxacin (Fig. 6). The dose-dependency
was expected to be more significant when the band
intensity was normalized by the cellularity of each sam-
ple.

DISCUSSION

There are evidences indicating that the increased
expressions of certain MMPs are associated with
tendinopathy or tendon rupture. Immunohistochem-
istry studies have shown MMP-1 expressed at the
tear edge in ruptured supraspinatus tendons?? and in
patellar tendinosis.22 Meanwhile, there is an increased
amount of denatured collagen and MMP-1 in ruptured
supraspinatus tendon which implied the increase in
MMP-1 activity and degradation of the collagen fib-
ril network might be a potential cause of a tendon
rupture.?* The up-regulation of MMP-13 at both the
mRNA and protein levels was demonstrated in patients
with complete tears of rotator cuff tendons.?® In accor-
dance with this study, an animal model revealed that
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Figure 2. (A) Zymography of conditioned medium (CM) revealed that the enzymatic activities of MMP-2 (lower band: 72kDa) and

MMP-9 (upper band: 95kDa). (B) Densitometric analysis of MMP-2 (*p < 0.05, n = 3) and (C) MMP-9 normalization to cellularity.

expression of MMP-2 at the edges of an acute tear in
the supraspinatus tendon.?® Besides, the expression of
MMP-2 was up-regulated in Achilles tendinopathy.!%-20

Previous study using canine tenocytes with treat-
ment of ciprofloxacin has demonstrated an increase of
matrix-degrading activity.® The present study further
confirms that MMP-2 is up-regulated both in vitro and
ex vivo after ciprofloxacin treatment. Collagenase which
cleaves collagen at a single locus in the collagen triple
helix, creating 3/4 and 1/4 fragments which can then
be further degraded by a variety of proteinases includ-
ing the gelatinases, such as MMP-2 and MMP-9.27 A
study of synovial fluids from the glenohumeral joint of
patients with rotator cuff pathology showed no change
in the levels of TIMP-1.28 This study also revealed that

ciprofloxacin exerted no effect on TIMP-1 or TIMP-2
expression.

The results of this study implied that ciprofloxacin
might exert a negative effect on tendon structure or
its healing process through the mechanism by up-
regulating gelatinase (MMP-2) expression. This finding
is further supported by the result that decreased amount
of type I collagen in the conditioned medium and
increased degradation of type I collagen. Blockage of
MMPs has been demonstrated to enhance tendon-bone
healing of anterior cruciate ligament grafts that further
supports the hypothesis of this study.??

In studies of human tenocytes pretreated with
interleukin-1 (IL-1), it revealed an up-regulation of
MMP-1 and MMP-3 expression by ciprofloxacin.”
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(A) Reverse zymography of the conditioned medium (CM) revealed that the enzymatic activities of TIMP-1 (28.5kDa) and

TIMP-2 (21 kDa). Densitometric analysis of TIMP-1 (B) and TIMP-2 (C) normalization to cell number (MTT results) revealed that the

enzymatic activity was unchanged by ciprofloxacin (n = 3).
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Figure 4. Immunohistochemical staining for MMP-2. Tendon cells in tendon explants treated with 50 g/mL ciprofloxacin (D) revealing
more brown staining within the cytoplasm as compared to tendon cells in control explants (C) (A and B, negative: negative control).
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Figure 5. (A) Western blot analysis of tubulin (as an internal control) and type I collagen in cytosol and conditioned medium which
were identified at 57 and 95 kDa, respectively. (B) Real-time RT-PCR revealed the mRNA expression of type I collagen. (C) Densitometric
analysis of secreted type I collagen in conditioned medium normalization to cell number was decreased by ciprofloxacin (*p < 0.05, n = 3).
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Figure 6. Type I collagen was degraded by conditioned medium
from cells treated with ciprofloxacin. Two major bands revealed by
Coomassie blue staining after nondenaturing gel electrophoresis
were indicated by arrow.

As compared with this previous study, the present
study documented that ciprofloxacin could directly up-
regulate expressions of MMP-2 without the presence
of IL-1. Furthermore, to our knowledge, the result
of immunohistochemical staining for MMP-2 in this
study is the first one to document the ex vivo effect
of ciprofloxacin on up-regulating MMP-2. Besides, this
study specifically documents that type I collagen might
be degraded by MMPs which are up-regulated by
ciprofloxacin. Because fluoroquinolones may also stimu-
late inflammatory pathways in or around the tendon,3°
the combined effect on tendon matrix turnover may
account for the mechanisms of tendinopathy in some
patients treated with ciprofloxacin.

An analysis of the results obtained from this study
suggests that enhanced MMP expression might signifi-
cantly compromise the integrity of the tendon ECM and
thus induce the occurrence of tendinopathy or tendon
rupture. The peak serum concentrations of ciprofloxacin
given orally or intravenously were reported to range
from 0.5 to 10 wg/mL3134 and 5 pg/mL ciprofloxacin was
the initial concentration to induce the expressions of
MMP-2. Although, the concentration of ciprofloxacin in
tendon tissue after standard dosing regimens remains
unknown, the result of this study suggest a potential
link between ciprofloxacin-associated tendinopathy and
increased dosage of ciprofloxacin.

Because of the small size of the explants (about 0.5 cm
in length, 0.2 cm in diameter), it is difficult to perform a
biomechanical test to evaluate the changes in mechani-
cal properties of a tendon after ciprofloxacin treatment.
Further animal studies to investigate if there is a dete-
rioration of the mechanical properties of a tendon after
ciprofloxacin treatment are needed to validate the find-
ings of this study.

In conclusion, ciprofloxacin up-regulates the expres-
sion of MMP-2 in tendon cells with concomitant
degradation of type I collagen. These findings provide
novel molecular mechanisms of ciprofloxacin-induced
tendinopathy or tendon rupture.
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