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Objectives: This in vitro study aimed to examine the protective roles of Hypericum perforatum Linn (HPL) extract on cell viability, DNA damage, 
apoptosis and a disintegrin-like and metalloproteinase with thrombospondin motifs (ADAMTS) proteins in chondrocytes induced by hydrogen 
peroxide (H2O2), as a model of chondrocytes subjected to reactive oxygen species (ROS) attack in rheumatoid arthritis and osteoarthritis.
Materials and methods: Human chondrosarcoma cell line (OUMS-27) was used. Cells were incubated with different concentrations of methanolic 
extract (100, 400, and 750 μg/ml) of HPL for 36 hours, and then treated with 0.7 mM H2O2 for two hours. Trypan blue was used for evaluation 
of cell viability, while DNA damage was evaluated by alkaline Comet assay. Caspase-1, ADAMTS5, ADAMTS9, and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) proteins were analyzed by Western blot.
Results: In vitro H2O2 treatment decreased OUMS-27 cell viability. Cells pretreated with HPL at concentration of 400 μg/mL were best protected 
from H2O2 toxicity. Compared to 100 μg/ml concentration, pretreatment of cells with 750 or 400 μg/ml of HPL generated more protection against 
H2O2-induced DNA damage. Hydrogen peroxide application to the cells led to a slight increase in Caspase-1 expression, which shows no apoptosis. 
The most prominent increase in Caspase-1 level was shown in cells treated with 400 μg/ml of HPL extract. There was an increase in ADAMTS9 and a 
decrease in ADAMTS5 levels upon H2O2 administration. Pretreatment with HPL led to more decrease in ADAMTS5 level, indicating the protection of 
extracellular matrix attacked by these proteinases in cartilage tissue.
Conclusion: It can be concluded that HPL has a potential to reverse the negative effects and processes induced by H2O2 in OUMS-27 cells and it can 
protect the surrounding cartilage area of chondrocytes from oxidative damage, which is suggested to be one of the main molecular factors accused 
for progression of rheumatoid arthritis and osteoarthritis.
Key words: A disintegrin-like and metalloproteinase with thrombospondin motifs; apoptosis; hydrogen peroxide; Hypericum perforatum; OUMS-27.

Oxidative stress (OS) has been implicated in 
initiating, accompanying or causing many 
diseases. Progression of rheumatoid arthritis 
(RA) and osteoarthritis (OA) has been associated 
with OS and inflammation. Identifying the 

molecular mechanisms of OS and reactive 
oxygen species (ROS) in RA and OA patients is 
important for understanding the pathophysiology 
of these diseases. Hydrogen peroxide (H2O2) 
inhibits synthesis of proteoglycan structure in 
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cartilage via adenosine triphosphate synthesis 
and inhibition of glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), a glycolytic enzyme 
in chondrocytes.1

The chemicals which prevent ROS generation 
have been evaluated to reduce the ROS-induced 
tissue damage. Recent literature suggests that 
numerous plant products such as terpenes, 
flavonoids, and polyphenols present antioxidant 
effects. One of the most studied medicinal plants, 
Hypericum perforatum Linn (HPL), has been 
used as a remedy for several diseases and 
pathologies with few side effects,2 and the extract 
of this plant showed excellent antioxidant activity 
in vitro.3,4 HPL has also been observed to possess 
anti-inflammatory activities.5,6 Most of the studies 
on this plant are related with its antidepressant 
activity. The actions of flavonoids have not been 
totally evaluated for other possible therapeutic 
effects.7 The extract of HPL may have therapeutic 
value for the management of RA or OS due to its 
antioxidant activity.

Literature data is limited about the effects of 
H2O2, one of the main ROS, on chondrocytes 
in terms of deoxyribonucleic acid (DNA) 
damage, apoptosis, and a disintegrin-like 
and metalloproteinase with thrombospondin 
motifs (ADAMTS) proteins/enzymes. This 
study primarily aimed to evaluate the effects 
of H2O2 on DNA damage, apoptosis, and 
ADAMTS translation in chondrosarcoma 
cells. Secondarily, we aimed to study whether 
H2O2-induced oxidative injury in an in vitro 
experimental setup could be prevented by HPL 
extract.

MATERIALS AND METHODS

Extract preparation: This study was performed 
between June 15 and July 5, 2014 in Laboratory 
of Medical Biology, Turgut Özal University Medical 
Faculty,  Ankara. Dried HPL flower was extracted 
by using absolute methanol. Then, the methanol 
extracts were filtered, evaporated to a thick 
residue at 40 °C, and finally stored at 4 °C until 
use.

Cell culture and treatment: Dulbecco’s 
modified Eagle’s medium (DMEM) was used for 
the culture of human chondrosarcoma cell line 

(OUMS-27). Dulbecco’s modified Eagle’s medium 
was supplemented with 10% fetal bovine serum at 
37 °C in 5% CO2. The OUMS-27 cell line without 
extract or H2O2 was used as negative control. 
Hydrogen peroxide treated group without extract 
administration was used as positive control. Cells 
were incubated with different concentrations of 
methanolic extract (100, 400, and 750 μg/ml) of 
HPL for 36 hours, and then treated with 0.7 mM 
H2O2 for two hours.

Cell viability assay: Trypan blue [0.4% in 
phosphate buffered saline (PBS) scorecard] 
staining was used for the assessment of cell 
viability. The cells were trypsinized and detached 
from the culture dish; later, harvested and 
mixed with an equal volume (1:1) of trypan 
blue. The resultant product was counted on a 
hemocytometer. Trypan blue is only permeable 
to the cells with damaged membrane. Six 
random fields were chosen for the analysis. A 
survival ratio of 100% was assumed for the 
undamaged cells in the control group, and the 
other groups were compared with the control for 
the calculation of the survival rates.

Alkalin Comet Assay for the determination 
of DNA Damage: Single cell gel electrophoresis 
(comet assay) enables the measurement of DNA 
damage and the evaluation of mechanisms of 
cytotoxic and genotoxic effects of substances 
on organisms. The method described by Singh 
et al.8 was used with minor modifications. Ten 
microliters (around 20,000 cells) of OUMS-27 cell 
suspension treated with different concentrations 
of HPL extract was mixed with low melting 
point agarose (LMA from Sigma-Aldrich Chemie 
GmbH., Schnelldorf, Germany, 80 μl of 0.7% in 
PBS) at 37 °C. Then, the mixture (80 μL) was 
layered onto the slides previously coated with 
normal melting point agarose (NMA, 1.0% at 
60 °C). For the solidification of the agarose, it was 
covered with a coverslip at 4 °C for five minutes. 
After the removal of the cover, the slides were 
treated with fresh 4 °C cold lyses solution (2.5 M 
NaCl, 10 mM Tris-HCl and 100 mM Na2EDTA 
at pH 10-10.5). Dimethyl sulfoxide (10%) and 
Triton X-100 (1%) were added to the solution just 
before its use. Slides were put into fresh alkaline 
electrophoresis buffer (0.3 mM NaOH and 1 mM 
Na2EDTA at pH >13) and electrophoresed at 
25 V/300 mA for 25 minutes. All the steps 
were conducted under red light or without direct 
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light to prevent additional DNA damage. After 
the electrophoresis, the slides were stained with 
ethidium bromide (70 μL/slide) and analyzed using 
a fluorescence microscope (Olympus  Optical Co. 
Ltd., Hatagaya, Shibuya-ku, Tokyo, Japan). The 
images from 100 randomly selected nuclei were 
analyzed for each sample as described elsewhere.9 
The intensity of the fluorescence in the comet tail 
was scored as 0, 1, 2, 3, or 4 (undamaged as 0 
and maximal damage as 4); therefore, the total 
score of each slide varied between 0 and 400 
arbitrary units (AU).

Protein extraction, Western blot analysis, 
and antibodies: Anti-caspase-1, anti-ADAMTS5, 
anti-ADAMTS9, and anti-GAPDH primary 
antibodies (Table 1) were purchased from 
Santa Cruz (Santa Cruz Biotechnology, Inc., 
CA, USA) and used in 1:100 dilution. Before 
the study, cross-reactivity was confirmed as 
stated in the manufacturer’s data sheet. Then, 
the cells were rinsed with PBS once and 
scraped from the plates. Cells were solubilized 
in 200 μL of CelLytic TMM (Sigma-Aldrich 
Chemie GmbH., Schnelldorf, Germany) with a 
mixture of protease inhibitor. After incubating 
in a rotator at 4 °C for 15 minutes, the cells 
were centrifuged, and then the supernatant 
was collected. The protein concentration of 
the samples was analyzed by using a protein-
assay kit (Thermo Scientific Bradford Assay 
Kit, Rockford, IL, USA), and standard bovine 
serum albumin. Protein samples were boiled 
at 95 °C within Laemli Sample buffer and 
b-mercaptoetanol for eight minutes. Western 
blot was performed with the 10 μg of the 
total protein. Briefly, 10 μL of each sample 
including protein marker (Bio-Rad Precision 
Plus Protein Western C Standard) were loaded 
to Western blot gel (Bio-Rad Mini-PROTEAN 

TGX Stain-Free Gels, 4-15%, 15-well comb, 
15 μL) within Bio-Rad 1x Tris/Glycerine/
SDS running buffer and run at 250 V for 
20 minutes. After electrophoresis, proteins 
were transferred to the polyvinylidene difluoride 
(PVDF) membrane (Bio-Rad Trans-Blot Turbo 
Transfer Pack, 0.22 μM PVDF) by using transfer 
system (Bio-Rad Trans-Blot Turbo Transfer 
System, Singapore). Membranes were blocked 
for one hour in 2.5% nonfat dried skim milk in 
tris-buffered saline (TBS) with 0.05% of Tween 
20 (TBS-T). The membrane was incubated 
overnight (approximately 16 hours) with the 
primary anti-Caspase-1, anti-ADAMTS4, 
anti-ADAMTS9, and anti-GAPDH antibodies 
(Table 1) diluted in blocking buffer. After 

Table 1. Primary and secondary antibodies used for Western blot techniques. 105 is inactive and 75 is active 
bands in ADAMTS5

Caspase-1 1/1000 Rabbit 1/4000 Mouse, rat, human 50
ADAMTS5 1/1000 Hare 1/4000 Mouse, rat, human 75/105
ADAMTS9 1/1000 Goat 1/4000 Mouse, rat, human 180
GAPDH 1/10000-1/50000 Rabbit 1/4000 Human 36

ADAMTS: A disintegrin-like and metalloproteinase with thrombospondin motifs; kDa: Kilodalton; GAPDH: Glyceraldehyde-3-phosphate 
dehydrogenase.

Primary Primary antibodies Secondary Secondary antibodies Reaction kDa
antibodies concentration antibodies concentration

Figure 1. Cell viability results assayed by trypan blue 
staining. Effects of methanolic extracts of Hypericum 
perforatum Linn on OUMS-27 cells treated by H2O2. 
Cells were pretreated with different concentrations of 
methanolic extract of HPL for 36 hours, and then treated 
with 0.7 mM H2O2 for two hours. Positive control cells 
were only treated with H2O2 but no extract, and there was 
no treatment in control cells. HPL: Hypericum perforatum Linn; 

H2O2: Hydrogen peroxide; * Values are significantly different compared 
with H2O2 treated cells (p≤0.05); ** Values are significantly different 
compared with H2O2 treated cells (p≤0.01).
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stringent washing with TBS-T three times 
for eight minutes each at room temperature, 
the membranes were incubated one hour 
with the appropriate secondary antibodies 
(Table 1). Following three washes with TBS-T, 
immunoreactive bands were visualized with the 
enhanced chemiluminescence system (Bio-Rad 
Immun-Star Western C kit) for 90 seconds. 
Signals were detected with an imaging system 
(Bio-Rad ChemiDoc MP Imaging System, 
Singapore), and the density was analyzed 
using Image J software (W. Rasband, Research 
Services Branch, NIMH, NIH, Bethesda, MD) 
and normalized with the signal of GAPDH for 
equal protein loading control of each sample 
in each experiment. This quantification was 
performed with the linear range of the standard 
curve defined by the standard sample, GAPDH, 
for all densitometry analysis.

Statistical analyses

Statistical Package for Social Science (SPSS) 
version 16.0 (SPSS Inc., Chicago, IL, USA) was 
used for statistical tests, and Student’s t-test, 
which measures the significance of differences 
between the means, was applied. A p value of 
<0.05 was accepted as significant.

RESULTS

In the primary part of the study, H2O2 
decreased cell viability as shown in Figure 1 and 
Table 2. Figure 1 also presents the protective 
effect of HPL extract against H2O2-induced 
cytotoxicity in the OUMS-27 cells. The cell 
viability decreased significantly compared to 
the control cells when they were treated with 
H2O2 (0.7 mM) for two hours. On the other 
hand, the viability of OUMS-27 cells increased 
in the cells pretreated with HPL extract for 

36 hours prior to H2O2 exposure, compared to 
cells without pretreatment with the extract. So, 
the most protective effect was observed at the 
400 μg/mL concentration of the extract.

To confirm the protective effect of HPL 
on the apoptosis caused by H2O2, DNA 
damage was analyzed by using the comet 
assay (Figure 2), which is a simple yet sensitive 
technique for the detection of DNA damage for 

Table 2. Cell survival rate and deoxyribonucleic acid damage effects of methanolic 
extracts of Hypericum perforatum Linn on OUMS-27 cells treated by H2O2

Control 100** 102
100 μg/ml HPL extract + 0.7 mM H2O2 65 353
400 μg/ml HPL extract + 0.7 mM H2O2 90* 281
750 μg/ml HPL extract + 0.7 mM H2O2 80* 304
0.7 mM H2O2 55 364

DNA: Deoxyribonucleic acid; HPL: Hypericum perforatum Linn; * p≤0.05; ** p≤0.01

Treatment Cell survival rate % DNA damage (0-400 AU)

Figure 2. Deoxyribonucleic acid damage visual 
classification, according to the relative proportion 
of deoxyribonucleic acid in the tail (cells between 
0 and 4), provided from single-cell gel electrophoresis. “0” 
is undamaged cell, and “4” is the most heavily damaged 
cell. (a) Control cells, (b) positive control cells; treated 
only with 0.7 mM H2O2, (c) 100 μg/ml HPL extract + 
0.7 mM H2O2, (d) 400 μg/ml HPL extract + 0.7 mM 
H2O2, (e) 750 μg/ml HPL extract + 0.7 mM H2O2. 
HPL: Hypericum perforatum Linn; H2O2: Hydrogen peroxide.
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eukaryotic cells. Comet refers to the pattern 
of DNA migration through the electrophoresis 
gel because of the analogy with a comet. 
Figure 2 shows no tail on “A” (control cells) and 
almost no tail on “D” (cells preconditioned by 
400 μg/ml HPL extract). Deoxyribonucleic acid 
damage scores are presented in Figure 3 by 
using arbitrary units. According to this figure, 
the use of 0.7 mM of H2O2 significantly 
induced the DNA damage compared to the 
other concentrations of HPL and control cells. 
Pretreatment of cells with 100 μg/ml HPL 
hardly protects cells from H2O2-induced DNA 
damage compared to H2O2 alone (arbitrary 
unit 353 vs. 364). However, pretreatment of 
cells with 750 μg/ml HPL and 400 μg/ml 
HPL extracts provided cells a strong protection 

from DNA damage (304 and 281 arbitrary 
units, respectively).

Western blot analyses showed that all studied 
proteins are expressed and translated in OUMS-27 
cell line (Figure 4). Bands for Caspase-1, 
ADAMTS5, ADAMTS9, and GAPDH were 
detected in places where they were anticipated 
to be found (Figure 4). Total 0.7 mM H2O2 led 
to a slight increase in Caspase-1 amount, which 
shows no apoptosis at all (Figure 5). The most 
prominent increase in Caspase-1 level was shown 
in cells treated with 400 μg/ml of HPL (Figure 5). 
Caspase-1/GAPDH ratio in this group was 3.41 
compared to the control value of 1. It was 
followed by the cells pretreated with 750 μg/ml 
of HPL (2.20) and 100 μg/ml of HPL (1.69). 
Therefore, cells pretreated with 400 μg/ml of 
HPL are expected to have more apoptosis 
compared to all other groups. The ADAMTS5 
levels decreased significantly in the cells treated 
with 0.7 mM H2O2 (ADAMTS5/GAPDH ratio is 
0.357) compared to the control cells (ADAMTS5/
GAPDH ratio is 1) (Figure 6). Pretreatment of 
cells with 400 and 100 μg/ml of HPL decreased 
ADAMTS5 levels more significantly compared 
to the H2O2 group (ADAMTS5/GAPDH ratio 
was 0.226 and 0.122 vs. 0.357, respectively). 
On the contrary, ADAMTS9 levels increased in 
0.7 mM H2O2 group (the ratio for ADAMTS9/
GAPDH was 1.261) compared to the control 
cells (ratio: 1) (Figure 7). Cells pretreated with 
750 and 400 μg/ml HPL significantly decreased 
ADAMTS9 levels compared to all other groups 
(ratios were 0.880 and 0.928, respectively) 
(Figure 7).

DISCUSSION

The primary aim of the present study was to 
test the hypothesis that H2O2 might change the 
level of Caspase-1 enzyme in chondrosarcoma 
cells leading to the changes in apoptosis and 
structural pathways of cells. Results of our study 
demonstrated that, contrary to previous studies, 
H2O2 may not induce chondrocyte apoptosis 
through caspase activation.10,11 The secondary 
aim of the study was to evaluate the putative 
protective effect(s) of HPL extract against H2O2-
induced alterations in apoptosis rate as well 
as the differences in aggrecan degradation in 

Figure 3. Deoxyribonucleic acid damage graphical 
classification, according to the relative proportion of DNA 
in the tail (cells between 0 and 4), provided from single-cell 
gel electrophoresis. Images were classified according to 
nucleus scale and tail length given a value between 0 and 4 
(undamaged class “0”, maximally damaged class “4”). Total 
DNA damage score varied between 0 and 400 arbitrary 
units (AU). HPL: Hypericum perforatum Linn; H2O2: Hydrogen 
peroxide; DNA: Deoxyribonucleic acid.
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OUMS-27 cells using a viability test, comet 
assay, Caspase-1, and ADAMTS enzymes. 
Chondrocytes were pretreated with HPL extract 
and incubated with H2O2. The apoptosis was 
evaluated after two hours of exposure to H2O2. 

Pretreatment of cells with HPL did not decrease 
the apoptosis rate, on the contrary, it led to an 
increase in the number of apoptotic cells. It is 
known that OS is related with the progress of 
OA and RA; therefore, the results of this study 

Figure 4. Gel electrophoresis imaging of Western blot technique of Caspase-1 
(50 kDa), ADAMTS5 (75 kDa), ADAMTS9 (180 kDa), and glyceraldehyde-3-
phosphate dehydrogenase (36 kDa) bands. ADAMTS: A disintegrin-like and metalloproteinase with 
thrombospondin motifs.
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suggest that dietary plant food including phenolic 
antioxidant substances may be useful for the 
prevention of these clinical conditions.

ADAMTSs family consists of new proteinases. 
This proteinase enzyme group is primarily located 
in the extracellular matrix (ECM). It is a member 
of matrix metalloproteinase (MMP) family in the 
ECM which breaks substrates such as aggrecan, 
versican, brevican, nidogen, and procollagen. It 
has 19 members, and different functions have 
been identified for each member. They are 
involved in many physiological processes including 
ECM turnover, coagulation, angiogenesis and 
ovulation, as well as pathological processes such 
as arthritis, atherosclerosis, and cancer.

Since H2O2 can easily cross the membrane 
thereby reaching into the cell, it has been suggested 
as an important signaling substance (Figure 8).12 
H2O2 can change cellular functions via modulation 
of intracellular signals and cause cellular damage 
and oxidation of protein thiol groups.13 Studies 
in the literature emphasized the harmful effect 
of H2O2 on articular cartilage.14-16 Schalkwijk 
et al.17 described an experimental model with 
H2O2 in order to clarify its destructive effect, in 
vivo. Inhibition of proteoglycan production and 
chondrocyte death by H2O2 were demonstrated 
in that model. In the recent studies, H2O2 has 

been reported to inhibit caspase activity directly in 
Jurkat cells.18 This was supported by the data in the 
present study. Researchers also report that H2O2 
results in the apoptosis, inhibition of proteoglycan 
production, and increased extracellular signal-
regulated kinases activity concluding the important 
role of H2O2 in modulation of the metabolism of 
chondrocytes.11

Chondrocytes are placed in a nonvascular 
matrix and exposed to partial presence of oxygen, 
and display mainly anaerobic metabolism. 
Therefore, they are vulnerable to the effect of 
ROS. It was demonstrated that H2O2 induces 
apoptosis in the chondrocytes.11 Morphological 
changes, some biochemical and molecular markers 
like terminal deoxynucleotidyl transferase and 
annexin determine whether a cell is undergoing 
apoptosis or necrosis. In the early stages of 
apoptosis, expression of some proteins like caspase 
proteases increases since they are essential for 
apoptotic signaling pathways.19 Chondrocytes 
produce ROS, including H2O2, in response to a 
number of stimuli. We mimicked H2O2 by giving 
it externally to the cell culture. Nicotinamide 
adenine dinucleotide phosphate-oxidase is 
a potential H2O2 source in the cartilage.20,21 
H2O2 at mM concentrations has been shown 
to induce apoptosis in cartilage.22 Treatment of 
chondrocytes with 50-100 μM H2O2 for one day 
was reported to induce the transcription factor 
activator protein 1 and to up-regulate matrix 
metalloproteinase 3 expression.23 We showed the 
up-regulated metalloproteinase mechanism for 
ADAMTS9 expression at a higher concentration 
of H2O2 in this study.

In the normal physiological conditions, the 
low concentrations of ROS caused by respiratory 
function are detoxified by antioxidant substances 
that are present in the chondrocytes.24 These 
are antioxidant enzymes such as superoxide 
dismutase. Antioxidant mechanisms may not be 
sufficient under some pathological conditions like 
inflammation and may result in apoptosis.25

During the last decade, increasing number of 
studies suggest that intracellular ROS modulates 
many intracellular signaling pathways. Therefore, 
ROS has an important role in the inflammation 
process. RA is one of the systemic diseases, 
which goes with acute inflammatory episodes. 
It is known as a connective tissue disorder and 

Figure 7. The bar graphics of calculated band densities 
of both a disintegrin-like and metalloproteinase with 
thrombospondin motifs 9 and glyceraldehyde-3-
phosphate dehydrogenase bands. The obtained values 
were standardized by dividing a disintegrin-like and 
metalloproteinase with thrombospondin motifs 9 to 
glyceraldehyde-3-phosphate dehydrogenase. Control value 
was divided to control value and therefore was adjusted to 
“1”. The other groups were divided to control values to 
get the present values. HPL: Hypericum perforatum Linn; H2O2: 
Hydrogen peroxide.
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an autoimmune disease but it is not generally 
classified as an OS related disease. Reactive 
oxygen species are important for the management 
of cell redox status and necessary for normal 
cell function, such as apoptosis, chemotaxis, 
aggregation, and proliferation. RA has been 
associated with increased ROS production or 
destroyed antioxidant defense system.26-28 In 
RA, the macrophages and polymorphonuclear 
leukocytes which are present in the joint fluid are 
the source of H2O2.29 ROS in the joint may play 
a significant role in inflammatory response and 
lipid peroxidation.30,31 However, ROS formed by 
phagocytes during respiratory burst seem to have 
an important physiological function in the immune 
system.32 It was experimentally shown that high 
formation of ROS may result in increased damage 

to joint cartilage and activation of osteoclast.33,34 
Additionally, ROS destroy the structure of synovial 
fluid and depolymerize hyaluronic acid, which 
results in viscosity loss in the joint.35 Superoxide, 
H2O2, peroxyl radicals and hydroxyl radical are 
the main ROS. The hydroxyl radical is especially 
a reactive molecule that can be produced from 
H2O2 nonenzymaticly.36 ROS can also react with 
other molecules such as proteins, lipids, nucleic 
acids, and other molecules that alter cell structure 
and cause cell damage. Vitamin E prevented 
articular damage in a RA animal model but it did 
not change the oxidation status or inflammatory 
process of the disease.37

Chondrocyte apoptosis has been implicated in 
the pathogenesis of OA. Chondrocyte cell death 

Figure 8. The proposed mechanism and pathway of the effect of both H2O2 
and Hypericum perforatum extract on apoptosis via ROS and caspases. As a 
tumor supressor gene, ADAMTS gene decreases proliferation through inducing 
apoptosis. However, the role of interaction of ADAMTS with caspase and ROS 
remain unclear. ADAMTS9 has been found to be a critical tumor suppressor 
of gastric cancer progression through suppression of oncogenic AKT/mTOR 
signaling.51 In accordance with our findings, ectopic expression of ADAMTS9 
in gastric cancer cell lines (AGS, BGC823) was found to induce apoptosis. 
The mechanism of the action of ADAMTS is required to be understood 
more comprehensively. H2O2: Hydrogen peroxide; ROS: Reactive oxygen species; DNA: 
Deoxyribonucleic acid; ADAMTS: A disintegrin-like and metalloproteinase with thrombospondin 
motifs; IL: Interleukin; AKT: Protein kinase B (PKB); mTOR: Mammalian target of rapamycin.
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can contribute to cartilage degeneration in OA. 
Therefore, the ability of HPL for the protection of 
chondrocytes in vitro has been investigated in the 
present study. As mentioned above, apoptosis and 
necrosis are two markers of cell death. Apoptosis, 
also called as programmed cell death, may 
occur after several pathological conditions and is 
associated with tissue remodeling, and removal 
of damaged cells under physiological conditions. 
Accumulating data suggest that apoptosis of 
chondrocyte may have a role in the pathophysiology 
of OA, which is related with degradation of 
articular cartilage.38 The importance of apoptosis 
induced by H2O2 is unclear. It is known that H2O2 
inhibits production of proteoglycan, which may 
result in chondrocyte apoptosis. On the other 
hand, evidence is insufficient to conclude that 
H2O2 effect on cartilage degradation is caused by 
an increase in apoptosis. More importantly, H2O2 
has been reported to inhibit metabolic pathways, 
which are enrolled in the chondrocyte signal 
transduction. Recent literature from other cell lines 
reports the role of mitochondrial permeability and 
cytochrome C release in the apoptosis caused by 
H2O2.39,40 Apoptosis is characterized with cell 
shrinkage, DNA fragmentation, and apoptotic 
body formation.41 The caspases are accepted as 
important mediators of the apoptotic process and 
they trigger a cascade of proteolytic reactions 
(Figure 8). Caspase-3 is the most commonly 
studied member of this protein family, and it has 
a key role in apoptosis, which is responsible for 
the proteolytic degradation of many proteins.42,43

Although the chemical and pharmaceutical 
properties of HPL extracts are well documented, 
very little is known about their molecular mode 
of action. The herbal remedy HPL is a commonly 
used alternative for the management of depression. 
Additionally, it inhibits the tumor cell growth 
by increasing apoptosis.44 Proteins regulated by 
endoplasmic reticulum stress prevent apoptosis 
of tumor cells.45 Endoplasmic reticulum stress-
regulated proteins might therefore reduce the cell 
protective effects of some chaperones and result 
in increased tumor cell apoptosis. Several other 
studies have shown that some herbal medications 
have a protective effect on chondrocyte cell death 
caused by oxidative stress. In this study, it was 
evaluated if the medicinal plant HPL possesses a 
protective effect against H2O2-induced apoptotic 
cell death in a chondrocyte cell line. Liquid 

chromatography-mass spectrometry analysis of 
HPL extract showed that it contains over two 
dozens of constituents, among which hyperforin, 
hypericin, pseudohypericin, quercetin, chlorgenic 
acid, rutin, hyperoside, amentoflavone, etc. are 
the major active components.46 The content 
of flavonoids is the richest. HPL has anti-
inflammatory effects due to the inhibition of 
inducible nitric oxide synthase and nuclear 
factor-kB.47

In the in vitro studies, HPL extracts with rich 
flavonoids (FEHP) showed strong antioxidant 
activity and radical scavenging characteristics. 
It behaved like a hydrogen-donating substance 
in the diphenylpicrylhydrazyl assay and an 
electron-donating substance in the iron III to II 
reducing assay. It inhibited the peroxidations of 
lipid membranes and linoleic acid. FEHP also 
seems to be an effective radical scavenger for 
superoxide anion. FEHP decreased degradation 
of deoxyribose mainly due to the chelating 
iron ions but not scavenging hydroxyl radicals 
directly.48

To the best of our knowledge, this study 
investigated the effects of H2O2 in terms of 
DNA damage, cell viability, apoptosis, and 
ADAMTS genes in OUMS-27 cells for the first 
time. A concentration of 0.7 mM of H2O2, 
which was revealed as the most efficient dose 
based on previous applications, was applied to 
cells. Therefore, concentration effects were not 
investigated. 

Reactive oxygen species formation was detected 
in chondrocytes after one hour of application of 
over 0.1 mM H2O2.49 Lysosomal swelling was 
detected after one hour of application of 0.1 mM 
H2O2 and over, possibly revealing lysosomal 
membrane instability. Moreover, indications of 
lysosomal rupture, including release of lysosomal 
enzymes, were apparent one hour after the 
addition of 10 mM of H2O2. The addition of H2O2 
to chondrocytes may induce ROS formation and 
lysosomal dysfunction, revealed by swelling and 
rupture, prior to dysfunction of the mitochondrial 
membrane potential.49 Jiang et al.50 demonstrated 
that glucosamine protects nucleus pulposus cells 
(NPC) and induces autophagy via the mammalian 
target of rapamycin-dependent pathway. They 
also showed that glucosamine attenuated the 
decrease of aggrecan and prevented the apoptosis 
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of the NPC induced by IL-1b. Similarly, in our 
setup, we revealed that HPL extract may have 
effects on DNA damage, apoptosis and aggrecan 
degradation. Therefore, we can suggest that H2O2 
may trigger oxidative damage and ADAMTS-
induced apoptosis in chondrocytes (Figure 8).51

Our findings demonstrated that the applied 
concentration of H2O2 caused cellular damage 
in OUMS-27 cells in two hours. Additionally, 
HPL was observed to protect OUMS-27 against 
oxidative damage, inhibit the damage of ECM 
by decreasing ADAMTS5 level, and protect 
cartilage tissue from the secondary damage upon 
abnormal and pathological cell death at a dose of 
400 μg/ml.

In conclusion, the present study provides 
novel information into the complex effects of 
HPL on gene expression, and therefore, protein 
levels of Caspase-1, ADAMTS5, and ADAMTS9. 
The observed down-regulation of ADAMTS5 
genes indicates that HPL may decrease aggrecan 
degradation and therefore lessen proteoglycan 
cleavage. A further study is being undertaken to 
evaluate its antioxidant action in vivo.
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