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Abstract: Levofloxacin was previously reported to induce apoptosis of rat annulus fibrosus (AF) cells by upregulating 
active caspase-3 and matrix metalloproteinase (MMP)-3 expression in vitro. However, the effects of levofloxacin on 
rat AF cells, as well as the related mechanism, have not been revealed completely. The purpose of this study was 
to further explore the changes in extracellular matrix and MMPs of rat AF cells based on levofloxacin-induced apop-
tosis. AF cells isolated from rat AF regions were cultured in monolayers and treated with levofloxacin in a dose- and 
time-dependent manner. To determine the cytotoxic effects of levofloxacin, inverted phase-contrast microscopy was 
used to perform morphological observation of apoptotic cells. The mRNA expression levels of MMP-2, -9 and -13 
were quantified by reverse transcription and real-time quantitative polymerase chain reaction (RT-qPCR). Protein 
level of MMP-2 and MMP-13 were determined by western blot. The results showed that levofloxacin induced marked 
AF cell apoptosis, which was observed by inverted phase-contrast microscopy, and indicated by the increased ex-
pression of active caspase-3. Both RT-qPCR and western blot revealed that MMP-2 and MMP-13 expression were 
upregulated by levofloxacin treatment in a time- and dose-dependent manner. Moreover, cellular binding to type I 
collagen was found to be decreased by levofloxacin. In conclusion, the results above suggest that the possible cyto-
toxic effects of levofloxacin on AF cells in vitro may be attributed to the decreased cell binding to type I collagen and 
up-regulated expression of MMP-2 and MMP-13.
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Introduction

The fluoroquinolone (FQ) antibiotics have good 
antibacterial activities because of its excellent 
tissue penetration and are used in the treat-
ment of a variety of infections [1], such as uri-
nary tract infection [2]. However, the related 
side effects of fluoroquinolone are not uncom-
mon in the connective tissue toxicities: such as 
articular cartilages and epiphyseal growth plate 
pain [3, 4], Sode showed that quinolone use 
might increase the risk of tendon rupture, prin-
cipally described for the Achilles tendon [5]. 
There were literatures reporting that levofloxa-
cin can induce apoptosis of rabbit anterior cru-
ciate ligament cells [6] and fibroblast-like  
synoviocytes [7] through enhanced mRNA 
expression of MMPs. Corps et al. indicated that 
the ciprofloxacin, a kind of fluoroquinolones, 
significantly upregulating the mRNA expression 

of MMP-1, -3 and -13 in cultured human teno-
cytes [8, 9]. There were reports about the 
expression of tendon matrix composition, like 
collagen and proteoglycan, changed after appli-
cation of various quinolones [10, 11]. In addi-
tion, our recent study found that the levofloxa-
cin, a typical fluoroquinolone, induced rat AF 
cell apoptosis and higher expression of cas-
pase-3 and MMP-3 in vitro [12]. Taken together, 
the experimental studies aboverevealed quino-
lones could induce apoptosis, and MMPs may 
play a role in the cytotoxic effects of quino- 
lones.

Intervertebral disc (IVD) degeneration (IVDD) is 
a multifactorial disease that considered a major 
source of pain in patients with radiculopathy or 
chronic low back pain [13, 14]. Several sequen-
tial events seem to be involved in the process 
of IVDD, including loss of cells, degradation of 
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extracellular matrix (ECM) and to altered bio-
mechanics [11, 15, 16]. AF was comprised of 
fibroblasts, which can produce large number of 
ECM, which contains large amounts of collagen 
type I with other collagen types [17]. These col-
lagen molecules can be degraded only by spe-
cific enzymes, particularly the various MMPs, 
which are believed to be especially important in 
ECM degradation and apoptosis. Several MMPs 
have been shown to be expressed at elevated 
levels in the AF of diseased discs, such as 
MMP-2 [18]. But the toxic effect of levofloxacin 
on AF has rarely been reported. Thus, further 
studies were performed to investigate the 
effects of levofloxacin on IVDD.

In the previous studies, levofloxacin was proved 
to induced rat AF cells apoptosis and higher 
expression of caspase-3 and MMP-3 [12]. 
However, it remains to be elucidated whether 
the toxic effect of levofloxacin on AF cells is 
associated with the regulation of ECM and 
MMPs. Thus, this work is a further exploration 
focused on ECM and MMPs based on previous 
studies. The aim with the study is to explore the 
regulating effect of levofloxacin on ECM and 
MMPs in rat AF cells.

Materials and methods

Ethics statement

Animal protocols were approved by the 
Institutional AnimalCare and Use Committee of 
the Third Hospital of Hebei Medical University.

Cell isolation and culture

AF tissue was harvested under sterile condi-
tions from lumbar disc segments of freshly 
slaughtered SD rats (about 200-220 g) 
obtained from the Laboratory Animal Center of 
Hebei Medical University (Shijiazhuang, Hebei, 
China; permission was obtained to use these 
animal parts for research). AF cells were isolat-
ed from tissue via enzyme solution of 0.2% col-
lagenase type II (Sigma Chemical Co., St. Louis, 
MD) digestion at 37°C for 1 h. The supernatant 
liquid was discarded after centrifugation for 5 
min and digested with 0.25% trypsin/0.02% 
EDTA (Sigma Chemical Co., St. Louis, MD) at 
37°C for 3 min, then centrifugate again and 
abandoned the supernatant cultured cells in 
complete media: DMEM/F12 (Hyclone, Logan, 
UT) + 10% FBS (Hyclone, Logan, UT) at 37°C in 
an incubator under 5% CO2. The medium was 

changed every three days. Cells were expanded 
and culturedin complete media for 1 day prior 
to drug treatment. The AF cells were cultured in 
serum-free DMEM/F12 with 0, 10, 30, 60, 90 
or 120 μg/mL levofloxacin for a further 0, 8, 12, 
24, 36 or 48 h then collected for morphological 
observation, western blot and RT-qPCR.

Morphological observation

AF cells were plated in six-well plates at a den-
sity of 2×105 cells per well and cultured with 
complete culture medium. Upon reaching 90% 
confluence, the cells were cultured in serum-
free DMEM/F12 with 0, 10, 30, 60, 90 or 120 
μg/mL levofloxacin for a further 0, 8, 12, 24, 36 
or 48 h and observed by inverted phase-con-
trast microscopy (Olympus, Tokyo, Japan) and 
photographed by digital camera (Nikon, Japan).

Caspase-3 activity assay

The first-passage AF cells were treated as men-
tioned above. Caspase-3 activity was detected 
using a Caspase-3 activity kit (Beyotime, China). 
According to the product description, treated 
cells were lysed with lysis buffer (100 μl per 
2×106 cells) for 15 min on ice and then washed 
with cold HBSS. After incubating the mixture 
composed of 10 μl of cell lysate, 80 μl of reac-
tion buffer and 10 μl of 2 mM caspase-3 sub-
strate in 96-well microtiter plates at 37°C for 4 
h, caspase-3 activity was quantified in the sam-
ples with a microplate spectrophotometer 
(Biotek) at an absorbance of 405 nm. 
Caspase-3 activity was expressed as the fold of 
enzyme activity compared to that of synchro-
nized cells.

Cellular binding assay

Rat AF cells were sub-cultured in six-well plates 
at 2×105 cells per well with complete culture 
medium. After reaching 90% confluence, the 
medium was changed to DMEM/F12 contain-
ing 1% FBS for 12 h to synchronize the cells. 
Cells were cultured in serum-free DMEM/F12 
with 0, 10, 30, 60, 90 or 120 μg/mL levofloxa-
cin for a further 24 h. Rat AF cells were treated 
as described above and then assayed for their 
ability to bind collagen type I according to the 
reported method [33].

RNA isolation and RT-qPCR

Total RNA was extracted with TRIzol reagent 
(TIANGEN Biotech (Beijing, China) Co., Ltd) 
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according to the manufacturer’s instructions. 
The total RNA (2 µg) was used as a template to 
generate cDNA by oligo (dT15) using the 
GoScript™ Reverse Transcription System 
(Promega Biotech (Beijing, China) Co., Ltd). 
Primer pairs used for PCR were synthesized by 
Invitrogen, Carlsbad, CA and are shown in Table 
1. RT-qPCR was conducted using the CFX 
Connect Real-Time PCR Detection System (Bio-
Rad (China) Co., Ltd) in a final volume of 20 µl, 
which included 10 µl GoTaq®qPCR Master Mix 
(Promega Biotech (Beijing, China) Co., Ltd), 0.4 
µl forward primer (10 µM), 0.4 µl reverse primer 
(10 µM), 2 µl cDNA and 7.2 µl Nuclease-Free 
Water. PCR amplification was performed using 
the following protocol: 95°C for 2 min, then 40 
cycles of 95°C for 15 sec, and finally 60°C for 1 
min. Standard curves were run in each opti-
mized assay which produced a linear plot of 
threshhold cycle (Ct) against log (dilution). The 
amount of target was quantified based on the 
concentration of the standard curve and was 
presented as relative Ct value. The transcrip-
tion levels of GAPDH served as a loading 
control.

Western blot analysis

Total proteins were extracted using a protein 
extraction kit, and quantified using an Enhanced 
BCA Protein Assay kit, both from Beyotime 
Institute of Biotechnology, Haimen, China. 
Protein was transferred onto PVDF membranes 
by electrophoretic transfer following electro-
phoretic separation by SDS-PAGE. The mem-
branes were probed with primary antibodies 
against MMP-2, MMP-13 (1:500; Proteintech 
Group, USA), and GAPDH (1:3,000; Proteintech 
Group, USA) in PBST plus 5% skimmedmilk two 
night at 4°C. After three washes with PBST, the 

membranes were incubated with horseradish 
peroxidase-conjugated secondary antibodies 
for 1 h at room temperature. Bands were visual-
ized using Pro-light HRP Chemiluminescent Kit 
and analyzed with Odyssey® Fc Dual-Mode 
Imaging system (LI-COR Biosciences, USA). 
GAPDH was used as loading control.

Statistical analysis

Statistical analysis was performed using SPSS 
13.0 for windows. The data were presented as 
mean ± standand deviation (Mean ± SD). For 
analysis of multiple groups, One-way ANOVA 
was carried out followed by the Student-
Newman-Keuls method. P<0.05 was consid-
ered statistically significant.

Results

Morphological observation. AF cells were plat-
ed in six-well plates and cultured with complete 
culture medium. Upon reaching 80~90% con-
fluence, the medium was changed to DMEM/
F12 containing 1% FBS for 12 h to synchronize 
the cells. Then cultured in serum-free DMEM/
F12 and treated with 0, 10, 30, 60, 90 or 120 
μg/mL levofloxacin for various times up to 48 h, 
the cultured cells presented shrinkage phe-
nomenon and typical degenerative changes, 
which were markedly increased by levofloxacin 
in a dose-dependent manner (Figure 1A) and  
in a time-dependent manner (Figure 1B). 
Apoptotic cells were characterized by plasma 
membrane blebbing, cell shrinkage and nuclei 
condensing as the inverted phase-contrast 
microscopy showed.

Caspase-3 activity assay. caspase-3 activity, a 
marker of apoptosis, was significantly increased 
after AF cells were treated with levofloxacin (0 
to 120 μg/ml) for 24 h in a dose-dependent 
manner (Figure 2A) or treated with levofloxacin 
(60 μg/ml) for 0 to 48 h in a time-dependent 
manner (Figure 2B).

Cellular binding assay. Rat AF cells were treat-
ed as described above, and then AF cellbinding 
to collagen type I was determined. Levofloxacin 
decreased AF cell binding to collagen type I in a 
dose (Figure 3A) and time-dependent manner 
(Figure 3B).

mRNA levels of MMP-2, MMP-9 and MMP-13. 
To research expression of AF cells specific 
genes, we used RT-qPCR analysis on AF cells 
treated with levofloxacin 0, 10, 30, 60, 90 and 

Table 1. Primer sequences used in RT-qPCR
Gene Primer sequence 
MMP-2 F: 5’-CAACGGTCGGGAATACAGCA-3’

R: 5’-AGGCCATGGGTTGGATCTTCA-3’
MMP-9 F: 5’-AACGTCTTTCACTACCAAGACAAG-3’

R: 5’-TTGTGGAAACTCACACGCCA-3’
MMP-13 F: 5’-CAGTGCTGCGGTTCACTTTG-3’

R: 5’-TCATCATAACTCCACACGTGGTT-3’
GAPDH F: 5’- AACTTTGGCATCGTGGAAGGG-3’

R: 5’-AGGGATGATGTTCTGGGCTGC-3’
F: Forward primer; R: Reverse primer; MMP: matrix 
metalloproteinase; GAPDH: glyceraldehyde 3-phosphate 
dehydrogenase.
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120 μg/mL for various times up to 48 h. mRNA 
levels of MMP-2 and MMP13 in levofloxacin 
group were significantly increased in a dose- 
and time-dependent manner compared with 

the untreated group, as shown in Figure 4A and 
Figure 4B respectively. However, levofloxacin 
did not make any difference to MMP-9 expres-
sion (Figure 4C).

Figure 1. Morphological observation. Apoptotic cells were characterized by plasma membrane blebbing, cell shrink-
age and nuclei condensingand. A. Phase-contrast photomicrographs of AF cells cultured in serum-free DMEM/F12 
with 0 to 120 μg/mL levofloxacin for 24 h. B. AF cells cultured in serum-free DMEM/F12 with 60 μg/mL levofloxacin 
for 0 to 48 h. The morphological observation had shown a dose- and time-dependent manner.
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Protein levels of MMP-2 and MMP-13. As shown 
in Figure 5A and Figure 5B, treated by levoflox-
acin, the protein levels of MMP-2 and MMP-13 
were significantly increased in a dose- and 
time-dependent manner respectively. 

Discussion

Prior to this current study, the cytotoxic effects 
of quinolones on cartilage, tendon, and liga-
ment were investigated. The present study 

Figure 2. Changes in caspase-3 activity. Rat AF cells were sub-cultured in six-well plates at 2×105 cells per well with 
complete culture medium. After reaching 90% confluence, the medium was changed to DMEM/F12 containing 1% 
FBS for 12 h to synchronize the cells. A. Cells were cultured in serum-free DMEM/F12 with 0, 10, 30, 60, 90 or 120 
μg/mL levofloxacin for a further 24 h. Caspase-3 activity was determined using a caspase-3 activity kit (Beyotime). 
(a) 0% FBS, 24 h; (b) 0% FBS + 10 μg/mL Lev, 24 h; (c) 0% FBS + 30 μg/mL Lev, 24 h; and (d) 0% FBS + 60 μg/mL 
Lev, 24 h; (e) 0% FBS + 90 μg/mL Lev, 24 h; (f) 0% FBS + 120 μg/mL Lev, 24 h. B. AF cells cultured in serum-free 
DMEM/F12 with 60 μg/mL levofloxacin for 0 to 48 h. (a) 0% FBS + 60 μg/mL Lev, 0 h; (b) 0% FBS + 60 μg/mL Lev, 
8 h; and (c) 0% FBS + 60 μg/mL Lev, 12 h; (d) 0% FBS + 60 μg/mL Lev, 24 h; (e) 0% FBS + 60 μg/mL Lev, 36 h; (f) 
0% FBS + 60 μg/mL Lev, 48 h. FBS, fetal bovine serum and Lev, levofloxacin. (Mean ± SD; n=6, P<0.05 compared 
to control).

Figure 3. AF cell binding to collagen I. Rat AF cells were sub-cultured in six-well plates at 2×105 cells per well with 
complete culture medium. After reaching 90% confluence, the medium was changed to DMEM/F12 containing 1% 
FBS for 12 h to synchronize the cells. A. Cells were cultured in serum-free DMEM/F12 with 0, 10, 30, 60, 90 or 120 
μg/mL levofloxacin for a further 24 h. (a) 0% FBS, 24 h; (b) 0% FBS + 10 μg/mL Lev, 24 h; (c) 0% FBS + 30 μg/mL 
Lev, 24 h; and (d) 0% FBS + 60 μg/mL Lev, 24 h; (e) 0% FBS + 90 μg/mL Lev, 24 h; (f) 0% FBS + 120 μg/mL Lev, 24 
h. B. AF cells cultured in serum-free DMEM/F12 with 60 μg/mL levofloxacin for 0 to 48 h. (a) 0% FBS + 60 μg/mL 
Lev, 0 h; (b) 0% FBS + 60 μg/mL Lev, 8 h; and (c) 0% FBS + 60 μg/mL Lev, 12 h; (d) 0% FBS + 60 μg/mL Lev, 24 h. 
(e) 0% FBS + 60 μg/mL Lev, 36 h. (f) 0% FBS + 60 μg/mL Lev, 48 h. FBS, fetal bovine serum and Lev, levofloxacin. 
(Mean ± SD; n=6, P<0.05 compared to control).
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examined the effect of levofloxacin on the 
annulus fibrosus, a tissue that connected two 
adjacent vertebras and has an important influ-
ence on locomotor structures. We showed that 
levofloxacin can improve the apoptosis of the 
AF cells, and decreases AF cell binding to col-

lagen type I. Furthermore, the results showed 
that levofloxacin not only up-regulated the 
mRNA expression of MMP-2 and MMP-13 in AF 
cells, but also up-regulated the protein expres-
sion of MMP-2 and -13 both in a time- and 
dose-dependent manner.

Figure 4. Effect of levofloxacin on mRNA levels was determined by RT-qPCR. The rat AF cells were treated with 
levofloxacin as described above. MMP-2 and MMP-13 were significantly increased in a dose- and time-dependent 
manner (A) and (B), respectively. But had no significant effect on MMP-9 (C). (Mean ± SD; n=6, P<0.05 compared 
to control).
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Annulus fibrosus and the related tissue, includ-
ing cartilage, tendon and ligament, contain dif-
ferent kinds of collagen. The physiological bal-
ance of these collagens and their integrity 

appear essential for the mechanical function of 
normal disc. The ECM of annulus fibrosus con-
tains large amounts of collagen type I with 
other collagen types, mainly collagens III, V, VI 

Figure 5. Levofloxacin increased the protein expression of MMP-2 and MMP-13. To investigate MMP-2 and MMP-13, 
we performed western blot on AF cells treated with levofloxacin as described above. Levofloxacin increased the ex-
pression of MMP-2 and MMP-13 in a dose- and time-dependent manner significantly (A and B, respectively). (Mean 
± SD; n=6, P<0.05 compared to control).
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[17] and aggregating proteoglycans [19]. These 
collagen molecules and aggregating proteogly-
cans are regulated by protease activity, particu-
larly the various MMPs and ADAMTS [17]. Xu et 
al. inferred that once the apoptosis disrupted 
normal cell-matrix complex, MMPs is activated 
and then matrix degradation is started [20]. It 
has been demonstrated that MMP-13 can 
cleave intact interstitial collagen molecules, 
MMP-3 digest noncollagenous matrix proteins 
and denatured collagen molecules, MMP-2 and 
-9 degrade denatured collagen molecules and 
basement membrane collagens [21]. Yang et 
al. showed that IL-1β increases protein levels of 
MMP-3, MMP13 and decreases collagen II 
mRNA expression and reduces cell binding to 
type II collagen [22]. In this study, levofloxacin 
increased the protein expression of MMP-2  
and -13, as well as the mRNA expression of 
MMP-2 and -13 in a time- and dose-dependent 
manner. Furthermore, levofloxacin reduced cell 
binding to type I collagen. These degrading 
effects affected the cell binding to collagen 
type I, resulting in an excessive ECM 
disruption.

Apoptosis is involved in many physiological pro-
cesses [23]. However, uncontrolled apoptosis 
may be pathogenic. IVDD is a multifactorial dis-
ease that is considered as a major source of 
pain in patients with radiculopathy or chronic 
low back pain [13, 14]. Apoptosis in IVD was 
initially reported by Gruber [24]. More and more 
evidences indicated that apoptosis plays an 
important role in human degenerative diseases 
[25]. Moreover, a variety of factors can induce 
the excessive apoptosis of intervertebral disc 
cells [26, 27], including cytotoxic [19], chronic 
unpredictable stress [28], mechanical loading, 
altered biomechanics and extracellular matrix 
degradation [29] all induce apoptosis of IVD 
cells in vivo or in vitro. Deng et al. showed that 
after treatment for 48 h, levofloxacin could 
induce expression of the apoptosis marker 
active caspase-3 at a low concentration of 28 
μM and increase the mRNA expression of 
MMP-3 and MMP-13 significantly in a dose-
dependent manner, even at the low concentra-
tion of 14 μM without IL-1β in rabbit anterior 
cruciate ligament cells [6]. Tan et al. found levo-
floxacin-induced dose-dependent (14 to 224 
μM for 48 h) increases of apoptosis of fibro-
blast-like synoviocytes, the data showed that 
the percentage of apoptotic cells was increased, 

and reported to be 7.3%, 18.4%, 19.3%, 20.8%, 
and 22.1% respectively, furthermore, the 
results showed that levofloxacin could not only 
increases of apoptosis in fibroblast-like synovi-
ocytes, but also increase the mRNA expression 
of MMP-3 and MMP-13 in a dose-dependent 
manner [7]. Another study revealed that topical 
application of fluoroquinolone drugs can induce 
the expression of MMP-2 and MMP-9 in the 
undebrided corneal epithelium [31]. Rastogi et 
al. suggested that the increased presence of 
MMP-2 in animal models of disc degeneration 
may be associated with the degradative chang-
es that are observed in the AF [32]. So, levoflox-
acin-induced apoptosis might be the initial fac-
tor for matrix degradation, not only in ligament 
and tendon, but also in AF. Recently Bai et al. 
showed that after rat AF cells were treated with 
levofloxacin (30, 60, 90 μg/ml for 24 h), the 
apoptotic rate of rat AF cells was found to be 
6.38%, 9.20% and 13.06% and induced higher 
expression of caspase-3 and MMP-3 in a dose-
dependent manner [12]. Yang et al. showed 
that levofloxacin could induce apoptosis of rat 
nucleus pulposus cells via Bax/Bcl-2/cas-
pase-3 pathway [33] and IL-1β up-regulated 
expression of MMP-3, MMP-13 [22]. In present 
study, the results of the morphological observa-
tions identified that AF cells underwent apopto-
sis following exposure to Levofloxacin in a dose- 
and time-dependent manner. The results of the 
RT-qPCR and western blot demonstrated that 
levofloxacin could up-regulated expression of 
MMPs. The MMPs, regulated a balance 
between collagen synthesis and the turn over 
of matrix components in the process of the 
pathological extracellular matrix remodeling. 
Reference to previous studies, a large number 
of MMPs, which are expressed in the AF cells, 
may involved in the matrix remodeling process 
[34, 35]. All these findings suggested that 
apoptosis may be a common side effect of levo-
floxacin, and increased apoptosis may be asso-
ciated with higher expression of MMPs.

In this study, RT-qPCR showed that levofloxacin 
had no significant effect on the mRNA expres-
sion of MMP-9. These data are in agreement 
with the previous study of Weiler C et al. in 
which MMP-9 is expressed only at a low level, 
and does not seem to play a significant and 
immediate role in disc matrix degradation [21]. 
But, Reviglio et al. found that topical applica-
tion of fluoroquinolone drugs can induce the 
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expression of MMP-9 in the undebrided cornea 
lepithelium [31]. AF cells are present in three-
dimensional surroundings in vivo. In this study, 
AF cells were present in monolayers, thus 
potentially influencing the results. Further stud-
ies are required to investigate the effect of levo-
floxacin on AF cells in 3D-model.

This work still has some limitations. Firstly, we 
can also explore the mechanism of signal trans-
duction of fluoroquinolones. Secondly, AF cells 
were present in monolayers, thus potentially 
influencing the results. Thirdly, rat AF cells were 
the only cell type investigated, which cannot 
fully represent human AF cells. Finally, the 
effect of fluoroquinolones in vivo experiment is 
worthy to be explored.

Conclusions

In summary, levofloxacin has cytotoxicity to rat 
AF cells in vitro. The cytotoxicity embodies as 
the promotion of apoptosis, increased expres-
sion of MMP-2 and MMP-13, and decreased 
cell binding to collagen type I. Taking into 
account the overall adverse effects of levoflox-
acin on AF tissue is important in clinical treat-
ment, especially in terms of IVDD.
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