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Protective effect of hydrogen sulfide on articular cartilage
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Abstract: To investigate the effect of H2S on articular cartilage degeneration in rabbit knee osteoarthritis model and to explore the

protective effect of H2S on osteoarthritis. Thirty-two New Zealand white rabbits were randomly divided into four groups: blank control
group, OA model group, H2S intervention group and H2S inhibition group, with 8 rabbits in each group. Group A was not treated.
Group B, C and D were injected with saline, NaHS diluent and H2S inhibitor 1 ml each into the knee joint cavity once a week for 6
weeks to establish OA model. Animals were sacrificed 7 weeks after operation. Articular cartilage was taken for HE staining, and
scored according to Mankin's method. The expression of collagen type II in cartilage was detected by immunohistochemistry, and the
expression of MMP-1, MMP-3 and MMP-13 in cartilage was detected by Real-time PCR. Mankin's score showed that the scores of
group B, C and D were higher than those of group A (P<0.05). The scores of group C were lower than those of group B, and the scores
of group D were higher than those of group B (P<0.05). Type II collagen staining showed that compared with group A, the positive
staining of type II collagen in group B was significantly lower and unevenly distributed; the positive staining of type II collagen in group
C was higher than that in group B; the positive staining of type II collagen in group D was significantly lower and the superficial layer
was defective (P<0.05). Compared with group B, the expression of MMP-1, MMP-3 and MMP-13 in articular cartilage decreased in
group C, and increased in group D compared with group B (P<0.05). H2S can inhibit the expression of MMP-1, MMP-3 and MMP-13 in
articular cartilage, reduce the degradation of collagen II in articular cartilage, and protect articular cartilage in osteoarthritis.
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1. Introduction
Osteoarthritis (OA), also known as degenerative
osteoarthrosis, is highly prevalent in the elderly and
is one of the three most common causes of joint pain
and loss of joint function in people under 60 years of
age[1]. Over the years, people have been committed
to the research of OA pathogenesis and drugs to
improve the quality of life of patients. Hydrogen
sulfide (H2S) is the third biogas signal molecule
discovered after NO and CO[2]. H2S not only has
anti-oxidation effect, but also has analgesic, antiinflammatory and anti-apoptotic effects[3-5]. In this
study, exogenous H2S was used to intervene in rabbit
osteoarthritis model. The effects of hydrogen sulfide
on OA were studied by observing the
histomorphological changes of articular cartilage
degeneration and the gene expression of MMPs in
articular cartilage.

2. Materials and methods
2.1. Experimental Animals
Thirty-two adult New Zealand white rabbits
weighing 2.5 kg to 3.0 kg were provided by the
animal room of Qingdao University Central Campus.

2.2. Main reagents and instruments
Sodium hydrosulfide (NaHS) (Shanghai Maclean);
CBS enzyme inhibitor-aminooxyacetic acid, CSE
enzyme inhibitor-propargyl glycine (Sigma, USA);
two-step anti-rabbit immunohistochemistry kit
(Wuhan
German)
RNA
extraction
kit

(TRIzol®Reagent) (Invitrogen, USA); MMP-1,
MMP-3, MMP-13 and upstream and downstream
primers for β-actin (Shanghai Bioengineering Co.,
Ltd.); SYBR Premix Ex TaqII Kit (Perfect RealTime) (TaKaRa, Japan); inverted microscope
(Olympus BX, Japan); fluorescence quantitative gene
amplification instrument (ABI7300, USA); constant
temperature water bath (LRH-150) (Shanghai
Yiheng) .

2.3. Experimental grouping
Thirty-two New Zealand white rabbits were
randomly divided into 4 groups, 8 in each group,
using a random number table. They were group A:
blank control group, group B: OA model group,
group C: H2S intervention group, group D: inhibition
H2S generation group.

2.4. Rabbit OA model establishment and
experimental intervention
After 3 days of adaptive feeding in each group,
rabbits knee joint OA model was made in group B, C
and D from the 4th day by modified Hulth’s
method[6]. After 3 days, intramuscular injection of
penicillin 400,000 U was performed. To prevent
infection, after 1 week, each group of rabbits was
forced to move for half an hour every day for 6
weeks. One week after surgery, group B was given 1
ml of normal saline in the knee joint cavity, and 1 ml
of NaHS dilution solution was injected into the knee
joint cavity of group C. The knee joint cavity of
group D was injected with H2S synthetase inhibitor
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(aminooxyacetic
acid-AOAA,
37.5
mg/kg;
propargylglycine-PAG, 60 mg/kg) 1ml once a week
for 6 weeks without any treatment in group A.

2.5. Experimental sample collection
One week after the last joint cavity injection, the
rabbit was sacrificed by air embolization, and the
rabbit knee joint cartilage was fixed at a fixed point,
deep into the subchondral bone, about 0.5cm3, and
the cartilage surface tissue and blood was washed
with 0.9% sodium chloride solution. The cartilage
was placed in a 4% paraformaldehyde solution and
liquid nitrogen for storage.

2.6. Pathological observation
The cartilage samples were dehydrated with
conventional gradient alcohol, decalcified with
EDTA solution, and sliced in the direction of vertical
cartilage after paraffin embedding for 4μm thick
sections. HE staining was performed. Three different
fields of view were randomly selected for each
section and evaluated according to the modified
Mankin scoring system.

2.7. Immunohistochemical observation of type II
collagen expression
(1) Paraffin sections are routinely baked, dewaxed,
and hydrated; (2) the sections are immersed in citrate
buffer and the antigen is repaired by microwave; (3)
5% sheep serum (PBS configuration) is used to
maintain the temperature at 37 ℃ . Block for 30
minutes; (4) drop goat anti-rabbit type II collagen
polyclonal antibody; overnight at 4℃; (5) add HRPlabeled secondary antibody, incubate at 37℃ for
30minutes; (6) add DAB, color 8-12 minutes; (7)
After the resin was sealed, an image acquisition
system was applied, a photograph (40X) was taken
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under a microscope, and the optical density value
(OD value) of the section positive staining was
analyzed by Image-Plus 7.0 software.

2.8. Detection of gene expression in chondrocytes
by RT-PCR
(1) The specimen of articular cartilage in liquid
nitrogen was taken out, and after grinding, 1 ml of
Trizol solution was added, and the tissue was
homogenized until the sample was dissolved. (2)
After standing for 5 minutes, 200μl of chloroform (1
ml of Trizol and 200μl of chloroform) was added to
the homogenate, and allowed to stand at room
temperature for 3 to 4minutes. (3) After
centrifugation at 12,000 rpm for 15 minutes at 4℃,
400μl of a colorless supernatant was taken, and then
an equal amount of 400μl of pre-cooled isopropanol
was added and allowed to stand at room temperature
for 5minutes. (4) After centrifugation at 12,000 rpm
for 10minutes at 4℃, the supernatant was discarded,
and the precipitate was washed twice with 1ml of 75%
alcohol. (5) Place to dry at room temperature, add
50μl of double-distilled water without RNase
repeatedly, mix well, and fully dissolve RNA. (6)
OD value and RNA concentration were measured by
ultraviolet spectrophotometer, and the nucleic acid
OD260/OD280 value was between 1.8 and 2.0, and
the measurement was repeated 3 times. (7) RNA was
reverse-transcribed into cDNA according to the
instructions of the reverse transcription kit, and
stored at -20℃. (8) Real-time quantitative PCR was
performed using SYBR Premix Ex TaqII kit, and the
relative expression levels of MMP-1, MMP-3 and
MMP-13 in each sample were analyzed. The primer
sequences of the target gene and the internal
reference are shown in Table 1.

Table 1. Primer sequences of target genes and internal references
Gene primer

Gene primer specific sequence

MMP-1
Upstream sequence

5’- AAGCCAGATGCTGAAACCCTG-3’

Downstream sequence

5’- GACCCTTGGAGACTTTGGTGAAT-3’

MMP-3
Upstream sequence

5’- ACACCGGATCTGCCAAGAGA-3’

Downstream sequence

5’- CTGGAGAACGTGAGTGGAGTCA-3’

MMP-13
Upstream sequence

5’- TTGACCACTCCAAGGACCCAG-3’

Downstream sequence

5’- GAGGATGCA GACGCCAGAAGA-3’

β-actin
Upstream sequence

5’- CGAGATCGTGCGGGACAT -3’

Downstream sequence

5’-CAGGAAGGAGGGCTGGAAC -3’
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2.9. Statistical methods
All data were statistically analyzed using SPSS
22.0 software. Quantitative data were statistically

described by mean  standard deviation ( x  s ), and
multiple groups were compared using variance
analysis. P<0.05 was considered statistically
significant.

3. Results
3.1. HE staining
The blank control group showed that the
chondrocytes were arranged neatly, the tidal line was
clear and intact, the cells were fusiform, the nucleus
was intact, the cytoplasm density was uniform, and
the cell surface had irregular cell processes (Figure
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1A). OA model group: visible chondrocytes and
matrix collagen fibers arranged disorderly, the level
was unclear, the tidal line was incomplete, the cell
outline was unclear, lipid droplets or vesicles were
visible in the cytoplasm, and the nucleus was
gathered or condensed (Figure 1B). In the H2S
intervention group, the tidal line was more complete,
the morphology of the chondrocytes was almost
normal, the outline was clear, the nucleus and
membrane were almost intact, the collagen fibers
were clear, and the sliding zone was obvious (Figure
1C). H2S inhibition group: visible tidal line fissures,
incomplete, chondrocytes proliferated, cell outline
was not clear, vesicles appeared in the cytoplasm,
nucleus pyknosis, collagen fibers arranged disorderly,
the level was unclear (Figure 1D).

Figure 1. HE staining results of articular cartilage in each group.
3.2. Improved Mankin’s score
According to the modified Mankin's scoring
criteria, two pathologists took turns to score and
score the average score. As can be seen from Table 2,
the scores of group A and group B, C, and D were
statistically significant (P<0.05), were successful
modeling. Mankin's score of group C was lower than
that of group B (P<0.05). The injection of exogenous
H2S in the knee joint could protect cartilage to a
certain extent. Mankin's score in group D was higher
than that in group B, and the difference is statistically
significant (P<0.05), which indicated that inhibition
of H2S production in the joint was aggravate
cartilage degeneration.

3.3. Expression of type II collagen in articular
cartilage
Group A: Type II collagen was positively stained
extensively, with deep color and evenly distributed in
various layers of articular cartilage (Figure 2A).
Group B: Type II collagen positive staining was
significantly reduced, unevenly distributed, and
defects appeared in the superficial layer (Figure 2B).
Group C: Type II collagen positive staining was
possible, and positive staining was slightly lower
than group A (Figure 2C). Group D: Type II collagen
positive staining was significantly dispersed, with
light color, and large defects or fissures appeared in
each layer (Figure 2D).
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Table 2. Mankin's score of rabbit cartilage in each group under microscope ( x  s )

Group

Quantity

Mankin’s score

A

8

0.25±0.46

B

8

8.88±1.25a

C

8

4.25±1.04ab

D

8

10.63±1.19ab
165.098
<0.01

a

b

Note: Compared with group A, p<0.05; compared with group B, p<0.05.

Figure 2. The expression of type II collagen in articular cartilage of each group

Figure 3. Messenger RNA expression of MMP-1, MMP-3 and MMP-13 in articular cartilage
of each group.
3.4. Messenger RNA expression of MMP-1,
MMP-3 and MMP-13 in articular cartilage
The relative expression of the genes of MMP-1,
MMP-3 and MMP-13 in each group was calculated
according to the formula RQ=2-ΔΔCt. The results
showed that compared with group A, the expressions
of MMP-1, MMP-3 and MMP-13 mRNA in articular
cartilage of group B, C and D increased (P<0.05).
Compared with group B, the expression levels of
MMP-1, MMP-3 and MMP-13 in cartilage of group
C were decreased (p<0.05). Compared with group B,
the expression of MMP-1, MMP-3 and MMP-13
mRNA in cartilage increased significantly in group
D (P<0.05), (Figure 3).

4. Discussion
In recent years, life science has developed rapidly.
Many small gas molecules with important functions
in human life activities have gradually been
discovered. From the 1980s to the 1990s, people
discovered the important role of NO and CO in
human life activities, which opened the door to the
study of small molecules in the human body[7]. At
the beginning of this century, H2S was discovered as
a third small gas molecule in the body, and its
functions as a signal molecule in the body have
gradually been studied. A series of fact studies have
shown that the physiological concentration of H2S in
the body is widely involved in the regulation of
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multiple systems' physiological and pathological
processes, and has a special role in life activities[8].
In 2010, Whiteman et al. first detected the presence
of H2S in human knee synovial fluid[9].
Subsequently, it was confirmed that H2S synthetase
was present in articular cartilage[10]. In vivo H2S
synthetase is mainly CBS (cystathionine-β-synthase)
and CSE (cystathionine-γ-lyase), which catalyzes the
production of endogenous H2S by L-cysteine [11].
Studies have found that the expression of H2S and
H2S synthetase in the knee joint is related to the
degree of articular cartilage degeneration, which may
be related to the anti-inflammatory, anti-apoptotic
and anti-oxidative effects of endogenous H2S[10].
Most of the above reports used in vitro cell
experiments as the research direction. In this study,
the effects of H2S on cartilage degeneration were
verified by exogenous H2S and H2S production
inhibitors in rabbits with arthritis model.
Cartilage degeneration is the main pathological
change of OA. In addition to mechanical factors,
inflammatory factors are an important cause of its
pathogenesis. Various inflammatory factors are
involved in the induction of degradation of the
extracellular matrix of cartilage[12]. The main
component of the articular cartilage matrix is
collagen, which makes the cartilage had tension and
sheared properties, accounting for more than 50% of
the dry weight of articular cartilage. There were
more than 15 collagen fibers in articular cartilage,
and type II collagen accounts for 90%-95% of them.
The pathological changes of OA showed that the
articular cartilage collagen fiber scaffold was
damaged, and the water in the cartilage was
significantly increased. The essence was that under
the action of various proteases, the degradation rate
of type II collagen fibers was significantly increased,
and type II collagen fibers were lysed. Matrix
metalloproteinase systems (MMPs) were enzymedependent zinc-protein protease superfamilies and
were the main proteolytic systems for the
degradation of articular cartilage matrix. MMP-1,
MMP-3 and MMP-13 were the main mediators of
cartilage destruction[13]. Compared with normal
cartilage, the expression of MMPs in OA cartilage
was significantly increased. Studies have confirmed
that inhibition of MMPs could effectively reduce the
degradation of cartilage matrix.
The immunohistochemical staining results showed
that the staining of type II collagen fibers in the
model group was significantly reduced compared
with the normal group. After administration of
exogenous H2S intervention, type II collagen positive
staining increased, and fissures were less likely to
occur in each layer of cartilage. After the H2S
production inhibitor was administered, the positive
staining of type II collagen was more dispersed than
that of the model group, and large cracks and defects
appeared in the cartilage layers. On the other hand,
the results showed that mRNA expression of MMP-1,
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MMP-3 and MMP-13 in the model group cartilage
increased, which was consistent with previous
studies. After exogenous H2S intervention, mRNA
expression of MMP-1, MMP-3 and MMP-13 was
decreased, while mRNA expression of MMP-1,
MMP-3 and MMP-13 was increased after inhibition
of H2S production. This suggests that a certain
concentration of H2S could reduce the degradation of
type II collagen fibers in articular cartilage by
inhibiting the excessive production of MMP-1,
MMP-3 and MMP-13, thereby reducing the damage
of articular cartilage in OA.

5. Conclusion
Certain concentration of H2S can reduce the
degradation of type II collagen and extracellular
matrix of articular cartilage by inhibiting the
expression of MMP-1, MMP-3 and MMP-13, and
the anabolism and degradation of cartilage matrix.
Maintain a relative balance between metabolism can
protect articular cartilage. Through this experiment,
the positive effect of a certain concentration of
exogenous H2S on the treatment of OA provided a
research basis for the existence of endogenous H2S
in the joint. However, the signaling pathway by
which H2S regulates the expression of MMP-1,
MMP-3 and MMP-13 remains unclear. The
concentration range and safety of H2S in the
treatment of OA require further study.
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