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Tetracycline and glutathione inhibited the protease activities of matrix metalloproteinase-2 and matrix metalloproteinase-9
expressed by mouse fibrosarcoma cells (L929) and Dalton lymphoma cells, respectively. The inhibitory activity of the tetracycline
may be due to its ability to chelate metal ions such as calcium and zinc. Gelatin-zymography technique was used to demonstrate
the inhibitory activity of both tetracycline and glutathione. The intensity of the bands corresponding to metalloproteinase activity
in zymography gel was reduced in the presence of 50–100 𝜇g/mL of tetracycline. The presence of 10–100𝜇g/mL of tetracycline in
the medium increased the adherence of L929 cancer cells. These results clearly indicate the antimetastatic property of tetracycline.
Reduced glutathione, a compound which is produced endogenously by the cells to maintain the redox status, was shown to inhibit
the matrix metalloproteinase activity (in vitro). Therefore, it is assumed that decreased glutathione levels in synovial fluids or
plasma might increase the activity of MMP. Reduced glutathione at 100𝜇g/mL inhibited the metalloproteinase activity in gelatin-
zymographic gel. As both tetracycline and glutathione exhibited an inhibitory effect on matrix metalloproteinase activity, it was
of great interest to check their clinical effects on various MMP associated pathological conditions such as cancer metastasis and
arthritis. Here we report that tetracycline and reduced glutathione inhibited the activity ofMMP2 completely and activity ofMMP9
partly.

1. Introduction

Matrix metalloproteinases are zinc dependent neutral endo-
peptidases and they were originally described as collagen-
olytic factor that is required for the dissolution of tadpole tail
[1].The primary function of MMP is to remodel the extracel-
lular matrix. MMPs are involved in fetal tissue development,
tissue repair, and wound healing [2]. MMPs are secreted
into the extracellular matrix as zymogen called proMMP and
cleavage of propeptide from the proMMP makes it catalyti-
cally active [3].

MMP2 and MMP9 are the two gelatinases that can
degrade the collagenase IV basement membrane and the
overproduction of MMP2 and MMP9 during pathological
conditions like cancers is responsible for the cancer cell
penetration through extracellular matrix. MMP2 andMMP9
have been associated with the progression of various cancers
like breast cancer, colorectal cancer, nonsmall cell lung
cancer, and gastric and pancreatic cancer [2].

Previous reports from clinical and knockout mice stud-
ies shows that higher expression of metalloproteinase are
responsible for severe arthritis [4, 5]. A congenital disease,
Winchester syndrome, is associated with mutation in dif-
ferent matrix metalloproteinase genes and symptoms of this
disease were similar to rheumatoid arthritis [6]. Based on
these reports, the role of metalloproteinase in development
of severe arthritic condition is undoubtfully established.

Doxycycline, an analog of tetracycline, is widely used in
the treatment of dental periodontitis. Doxycycline is reported
to inhibit MMPs directly [7]. Tetracyclines are bacteriostatic
antibiotics which specifically target 30s ribosome and inhibit
the binding of aminoacyl tRNA to the ribosomal A site [8].

In the present study, the tetracycline hydrochloride
(achromycin), a well-known antibiotic in clinical use, was
found to inhibit the matrix metalloproteinase activity.
Although doxycycline is reported to inhibit MMP, no reports
are available on the direct inhibition of achromycin on
various MMPs. Treatment of L929 mouse fibrosarcoma cells
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with tetracycline could alter the adhesive and migratory
properties. GSH was shown to inhibit the matrix metallopro-
teinase activity indicating that endogenous GSH might also
have a role in keeping the metalloproteinase inactive.

2. Materials and Methods

2.1. Cell LinesMaintenance andCollection of Supernatant Con-
taining Metalloproteinases. L929 cell line (mouse fibrosar-
coma cancer cells) was a kind gift from Central Drug
Research Institute, Lucknow, and Dalton lymphoma cell line
was obtained from Amala Cancer Hospital and Research
Centre, Thrissur, Kerala. L929 and Dalton lymphoma cell
lines were maintained in DMEM media with 10% FBS and
antibiotics for 48 hours at 37∘C in 5% carbon dioxide envi-
ronment. Cells were centrifuged at 1200 rpm for 10minutes
and the culture supernatant was collected. The samples were
stored at −20 degree Celsius until used for the analysis of
metalloproteinase activity.

2.2. Gelatin-Zymography. Gelatin-zymography was per-
formed according to the standard protocol with the following
modifications [9]. To determine the metalloproteinase
activity in the culture supernatants of L929 and DLA cancer
cell lines, SDS-polyacrylamide gel (8%) with 0.1% gelatin was
prepared and cell culture supernatants were loaded into each
well. Electrophoresis was carried out at 100V for 2 hours.
After electrophoresis, gels were incubated in renaturing
buffer (2.5% triton X) for 30 minutes to remove the SDS. The
gels were then washed with developing buffer (Tris base—
0.01M, Tris HCl—0.03M, NaCl—0.2M, CaCl

2
—6.6mM,

and Tween 20—0.02%) and incubated overnight in fresh
developing buffer. The gels were stained with coomassie
blue R-250 0.5% (w/v) for 30 minutes and destained with
coomassive R-250 destaining solution methanol : acetic
acid : water (50 : 10 : 40).

The physical inhibition of MMP by tetracycline and GSH
was demonstrated by the following method. The gel lanes
with equal quantity of MMP (culture supernatant) were
cut into sections and each lane was incubated with varied
concentration of inhibitors in developing buffer.The gel lanes
incubated in EDTA (15mM)were taken as positive control for
MMP inhibition [10]. After incubation and staining, each gel
lane was imaged with HP scanner and densitometric analysis
was performed using Image J software [11].

2.3. Cell Adhesion Assay. For cell adhesion assay, 35mm
culture dishes were first precoated with 0.1% gelatin and
incubated overnight at 4 degree Celsius. The culture dishes
were washed with sterile phosphate buffered saline (PBS).
104 cells (L929) were seeded into each culture dish along
with varied concentrations of tetracycline and incubated for
4 hours in 5% carbon dioxide atmosphere at 37∘C.The culture
supernatant was removed and culture dishes were washed
with PBS to remove nonadherent cells. The adherent cells
were counted using Image J software [11]. Ten different fields
from each culture dish were counted using 10x objectives
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Figure 1: Gelatin-zymography gel shows MMP9 and MMP2 in the
culture supernatant of DLA cell line and L929 cell line.

and total cell adherence was represented in percentage with
respect to control.

2.4. In Vitro Scratch Assay. Cells were plated on 35mm cul-
ture dishes to create a confluent monolayer.Themonolayer is
scraped in a straight line using micropipette tip [12]. Debris
was removed by washing the plate with DMEM media. The
cell culture dishes were then incubated with 50𝜇g/mL of
tetracycline for 24 hours and images of the field were taken
before and after the treatment. The number of cells migrated
during tetracycline treatment was counted using the Image J
software and it was represented in percentage with respect to
control [11].

3. Results

3.1. Gelatinase Profiling of DLA and L929 Cell Lines. Gelatin-
zymography revealed the presence of bothMMP2 andMMP9
in the culture supernatants of DLA and L929 cancer cell
lines. As MMP9 and MMP2 in the culture supernatants of
L929 were previously reported, this was served as reference
for MMP2 and MMP9 activity [9]. Culture supernatants
of L929 and DLA cell lines were loaded into the adjacent
wells of polyacrylamide gel. Approximate molecular weight
of MMP2 (72 kDa) and MMP9 (92 kDa) bands in the cul-
ture supernatant of DLA cells was calculated by correlating
with previously reported results and it was in agreement
with the previously reported results (Figure 1) [9]. Culture
supernatants of DLA cell lines showed the presence of a high
molecular weight gelatinase band which is completely absent
in L929 cells.

3.2. Direct Inhibition of MMP by Tetracycline and GSH.
Densitometric analysis of gelatin-zymographic gel was done
to semiquantify the percentage of inhibition ofMMP.Density
of the clear zone developed in the gelatin-zymographic gel
by MMP2 and MMP9 was calculated using Image J software.
Decrease in density of the clear zones after treatment indi-
cates the reduction in enzyme activity. Overnight incubation
of tetracycline (100 𝜇g/mL) and GSH (100𝜇g/mL) inhibited
the gelatinase activity of MMP2 and MMP9 in the culture
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Figure 2: (a) Gelatin-zymography gel shows the concentration dependent inhibition of MMP2 (culture supernatant of L929) by tetracycline.
EDTA is used as positive control to inhibit MMP activity. (b) In the graph, band density obtained in gelatin-zymographic gel after treatment
with different concentrations of tetracycline was compared. Lower band density obtained during tetracycline treatment is a clear indication
of MMP inhibition. (c) Gelatin-zymography gel shows the concentration dependent inhibition of MMP2 (culture supernatant of Dalton
lymphoma cell lines) by tetracycline. (d) MMP2 proteolytic band showed lower band density compared to the control.
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Figure 3: Reduced glutathione (100 𝜇g/mL) inhibited MMP2 activ-
ity completely and MMP9 activity partly.

supernatants of L929 cells by 98.05% and 38.91%, respectively
(Figures 2(a) and 2(b)). 100 𝜇g/mL of tetracycline was shown
to inhibit MMP2 and MMP9 in the culture supernatant of
DLA cell line by 80.97% and 50.58%, respectively (Figures
2(c) and 2(d)). Incubation of gels with different tetracyclines
ranging from 10 to 100 𝜇g/mL showed that the inhibition
exhibited by tetracycline onMMP2 andMMP9 activities was
in a dose dependent manner. Treatment of 15mM EDTA
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Figure 4: Tetracycline showed a concentration dependent increase
in cell adherence.

served as a positive control as it is known to inhibit MMP
by chelating metals such as Ca and Zn [10]. 100 𝜇g/mL of
GSH inhibited the gelatinase activity of MMP2 and MMP9
by 98.19% and 81.72%, respectively (Figure 3).

3.3. Effect of Tetracycline on Cell Adherence. Increased adher-
ence of cancer cell lines might prevent the initiation of
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Figure 5: Effect of tetracycline on migration of L929 cells was studied by scratch assay. (a) Appearance of scratch at 0 and 24 hours without
treatment is shown. (b) Appearance of scratch at 0 and 24 hours with tetracycline is shown. Tetracycline treated cells show less migration.
(c) Graph shows the percentage of cell migration.

metastasis in the early stages of cancer.Therefore, to examine
the effect of tetracycline on cell adherence, L929 cell suspen-
sion having cell density 104 cells/mL was added to the gelatin
coated culture dishes and treated with two concentrations
of tetracycline (50 and 100 𝜇g/mL). Treatment of 50 and
100 𝜇g/mL of tetracycline for 4 hours increased the cell
adherence by 33.33% and 39.88%, respectively (Figure 4).

3.4. Effect of Tetracycline on Cell Migration-Scratch Assay.
Effect of drugs on the migration of cancer cells indicates the
anti-metastatic property of the drug, as metastasis involves
themovement of cancer cells from one tumor site to other tis-
sues. Drugs that affect the cell migration in vitro are supposed
to prevent the metastasis. Effect of tetracycline on cancer
cell migration was studied by scratch assay. Tetracycline
(50𝜇g/mL) treatment for 24 hours inhibited the migration
of L929 cancer cells by 29.16% compared to the control
(Figure 5).

4. Discussion

Cancer cell metastasis is one of the major complications
in cancer therapy as the cancer cell migrates out of its
location by degrading the extracellular matrix and shifts to
another location [13, 14]. Cancer cell metastasis is mainly
attributed to the protease activities of MMP2 andMMP9 [2].
In the present study tetracycline was shown to inhibit both
matrix metalloproteinase activity and cell migration with
concomitant increase in cell adherence. These results show
that tetracycline (achromycin) has anti-metastatic property.
Similar findings were also reported in different cancer cell
lines with other tetracycline derivatives [15–17].

Rheumatoid arthritis is an autoimmune disease and
the patients were detected to have higher expression of
metalloproteinase in the synovial fluids [18]. Tetracycline
derivatives were found to be successful in the treatment of
rheumatoid arthritis [4]. As tetracycline was also reported
to have anti-inflammatory properties, the clinical benefit
observed for tetracycline against rheumatoid arthritis is not
clearly defined [19]. Based on the results obtained from
the present study it can be concluded that the success of
tetracycline in clinical trials against rheumatoid arthritis is
mainly due to metalloproteinase inhibition.

GSH is endogenouslymaintained inside the cells to check
on the oxidative status. GSH acts as neutralizing agent against
free radicals and protects cells from severe damage [20].
Previous reports showed that rheumatoid patients have lower
GSH content in the serum [21, 22]. Interestingly, present in
vitro studies showed that reduced glutathione directly inhibit
the MMP activity. This clearly indicates that endogenous
GSH has role in inhibiting the active MMPs in serum or
synovial fluids. Based on our results, it is assumed that in
addition to the endogenous inhibitor (tissue inhibitor of
metalloproteinase (TIMP)), GSH might also have the role
in keeping the MMP inactive [23]. Therefore, it is proposed
that decreased GSH levels locally in plasma or synovial fluid
might increase the MMP activity at those sites. Restoring the
GSH levels in plasma or synovial fluids should alleviate the
symptoms of rheumatoid arthritis.

Abbreviations

MMP: Matrix metalloproteinase
GSH: Reduced glutathione
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DLA: Dalton lymphoma cell line
RPMI: Roswell Park Memorial Institute

medium
DMEM: Dulbecco’s modified Eagle’s media
PBS: Phosphate buffered saline
EDTA: Ethylenediaminetetraacetic acid.
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