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The disease-modifying effect of
dehydroepiandrosterone in different stages
of experimentally induced osteoarthritis:
a histomorphometric study
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Abstract

Background: Osteoarthritis (OA) is likely to become an increasing burden in the coming decades. Various agents
have been developed to slow the progression of OA, and are collectively known as ‘disease-modifying drugs’ ,
however, there is still little reliable evidence that such agents will be successful. Dehydroepiandrosterone (DHEA), a
sex hormone precursor, has been recently proven as protective agent against OA, but the exact mechanism is still
unkown. In the current study, the effects of weekly intra-articular injections of DHEA in preventing the progression
of existing cartilage degeneration in an OA rabbit model were evaluated. The aim of the current study is to
demonstrate the feature of its disease-modifying efficacy during OA progression.

Methods: Thirty male New Zealand white rabbits were used in this study. An anterior cruciate ligament transection
(ACLT) model was used to create a progressive OA model in twenty rabbits. The animals were treated with DHEA
or a placebo and were necropsied at 9 and 16 weeks. Ten rabbits receiving sham operations served as controls. The
articular cartilage of the medial femoral condyle (MFC), lateral femoral condyle (LFC), medial tibial plateau (MTP)
and lateral tibial plateau (LTP) was evaluated macroscopically and histologically.

Results: In the joints of the sham-operated rabbits, few histological changes were detected on the articular surfaces
of the femoral condyles and tibial plateaus. ACLT obviously induced erosive changes on the cartilage surfaces.
Compared to the placebo group, the macroscopic and Mankin score analyses demonstrated that the DHEA treatment
markedly reduced the cartilage lesions and delayed cartilage degeneration in the four regions of the knee at 9 weeks
after operation (macroscopic score: MFC P = 0.013; LFC P = 0.048; MTP P = 0.045; LTP P = 0.02, Mankin score: MFC
P = 0.012; LFC P = 0.034; MTP P = 0.016; LTP P = 0.002). At 16 weeks, DHEA demonstrated chondroprotective effects on
the lateral compartment of the knee compared to the placebo group, whereas the cartilage degeneration at the medial
compartment of the knee did not differ among the groups (macroscopic score: LFC P = 0.046; LTP = 0.034, Mankin
score: LFC P = 0.005; LTP P = 0.002).

Conclusion: The disease-modifying efficacy of DHEA aganist OA is time-specific and site-dependent. DHEA could be
used as a disease-modifying strategy to limit the progression of OA, especially in the middle stage.
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Background
Osteoarthritis (OA) is a degenerative joint disease that is
generally characterized by progressive cartilage deterior-
ation, sclerosis of the underlying subchondral bone,
osteophyte formation and low-grade synovitis [1]. An
imbalance between the biosynthesis and the degradation
of the matrix components leads to progressive tissue de-
struction, resulting in extensive articular damage [2]. No
disease-modifying treatment for OA exists. The available
treatments for OA predominantly target symptomatic
relief without addressing the fundamental mechanism
underlying OA, which is the destruction of articular car-
tilage [3]. More studies are identifying and characterizing
potential disease-modifying therapeutic agents for OA,
including calcitonin [4], bone morphogenetic protein-7
[5], lubricin [6], trichostatin A [7] and mesenchymal
stem cells [8].
Dehydroepiandrosterone (DHEA) is a 19-carbon steroid

hormone that is classified as an adrenal androgen. DHEA
has been shown to antagonize the catabolic mediators of
cartilage that may exert protective effects in OA, including
suppressing matrix metalloproteinases (MMPs) and indu-
cing cartilage restoration [9]. Our recent research [10]
showed that DHEA demonstrated beneficial effects on
OA by influencing the balance between the aggrecanases
and tissue inhibitors of metalloproteinase-3 (TIMP-3) in
cartilage tissues, suggesting that DHEA might protect ar-
ticular cartilage from degeneration at the molecular level.
In this study, we further explored how this agent exerts its
disease-modifying effect at the histomorphometric level in
an identical animal model of OA.
Increasing evidence demonstrates that there are differ-

ent stages of OA, each with its own distinct pattern of
initiation and progression. One treatment might work in
one stage of the disease and not work in another stage,
which highlights the need for testing cartilage with pos-
sible intervention strategies that target existing morpho-
logical changes that occur during the different stages of
OA. In this study, we explore the effect of DHEA on car-
tilage histology during two OA stages.
To test the reparative efficiency of DHEA, we gener-

ated a rabbit anterior cruciate ligament transection
(ACLT) model of OA, in which the characteristics of the
cartilage degenerative process are highly similar to those
of humans. This study differs from previous research
that used unilateral knee surgery as a model because in
this study, the ACLT surgery was performed bilaterally
to avoid compensatory locomotion in the rabbits. To
investigate the histological modifying effect of DHEA
in more detail, the four compartments of the knee
joint, including the medial femoral condyle (MFC), lat-
eral femoral condyle (LFC), medial tibial plateau (MTP)
and lateral tibial plateau (LTP), in two stages of OA
were analyzed.
Methods
Ethics statement
This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of Zhejiang University. The protocol
was approved by the Committee on the Ethics of Animal
Experiments of Zhejiang University. All surgery was per-
formed under sodium pentobarbital anesthesia, and all
efforts were made to minimize pain and suffering.

Reagents
DHEA (Sigma, Fluka, St. Louis, MO) was used at a con-
centration of 100 μmol/L (dissolved in 0.9 % normal
saline [NS]). This concentration exhibited a protective
effect against articular cartilage loss and demonstrated
no toxic effects on the chondrocytes [9].

Animal groups and treatment
Inclusion criteria: Male New Zealand white rabbits (one
year old) weighed about 2.5-3.5 kg were included. Exclu-
sion criteria: The knee joints of all rabbits were X-rayed
before inclusion. The rabbits with clinical or radio-
graphic evidence of joint disease were excluded. Finally,
thirty rabbits met the inclusion standard and were en-
rolled in the current study for subsequent assessment.
In our previous study, we found that rabbits showed

considerable individual variability in OA progression
after ACLT. To more strictly examine the effect of
DHEA on disease progression, a matched-pair analysis
was used in this study. For the matched pair analyses of
cartilage degradation, 20 rabbits with 40 knees were
used. An additional 10 rabbits with 20 knees underwent
sham surgery and served as the controls.
Twenty rabbits were intravenously anaesthetized with

3 % sodium pentobarbital (1 mL/kg). Both legs were pre-
pared and draped in the usual sterile fashion, and an ap-
proximately 3-cm midline incision was made over the
knee. After dissection through the subcutaneous tissue,
the capsule was incised with a median parapatellar inci-
sion. The patella was dislocated laterally, exposing the
ACL, which was then completely transected. An intraop-
erative Lachman test was performed to verify that in-
stability had been created. An additional 10 rabbits
received sham surgery in which the keen joint capsule
was opened without transecting the ACL after luxation
of patella with the same procedure as OA model. After
surgery, the rabbits were provided appropriate postopera-
tive care and analgesics. Each ACLT-treated rabbit re-
ceived 0.3 mL of DHEA at a concentration of 100 μmol/L
once a week in the left knee, and the right knee was
injected with the same volume of NS as a placebo. The
intra-articular interfering began at week 5. Each sham-
operated rabbit received an identical volume of NS in both
knees beginning at week 5. Half of the animals were
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randomly sacrificed 9 weeks after surgery. The remaining
animals were sacrificed 16 weeks after surgery. All knees
were harvested for the analyses. According to the above
treatment strategy, all harvested knees were divided into
the following six groups: 1) sham-operated knees harvested
9 weeks after surgery (Sham, 9 w), 2) sham-operated knees
harvested 16 weeks after surgery (Sham, 16 w), 3) OA
knees with normal saline treatment 9 weeks after ACLT
(ACLT +NS, 9 w), 4) OA knees with normal saline treat-
ment 16 weeks after ACLT (ACLT +NS, 16 w), 5) OA
knees with DHEA treatment 9 weeks after ACLT (ACLT+
DHEA, 9 w) and 6) OA knees with DHEA treatment
16 weeks after ACLT (ACLT +DHEA, 16 w).

Gross observation
After the rabbits were sacrificed, gross morphologic
grading of the four sections (MFC, LFC, MTP and LTP)
was performed separately according to the following
scale: grade 0, smooth surface with normal color; grade
1, rough surface with minimal fibrillation or a slight
yellowish discoloration; grade 2, cartilage erosion ex-
tending into the superficial or middle layers; grade 3,
cartilage ulceration extending into the deep layers; and
grade 4, cartilage depletion with the subchondral bone
exposed [11]. In the current study, cartilage with grade
2–3 changes was recognized as the morphologic features
of middle stage of disease process. Significant cartilage
thinning, subchondral sclerosis, and osteophyte formation
which were corresponding to grade 4 were considered to
be the morphologic features of advanced stage of OA. The
examination was performed by two independent patholo-
gists who were blinded to the treatment groups. The spec-
imens were photographed with a high-resolution digital
camera (PowerShot G12, Canon, Japan).

Histological examinations
The proximal tibia and the distal femur of the oper-
ated knees from each rabbit were fixed in 10 %
neutral-buffered formalin and then placed in 15 %
disodium-ethylenediaminetetraacetic acid (EDTA-2Na).
After decalcification was complete, the surface areas of the
four compartments (i.e., LFC, MFC, LTP and MTP) at risk
for OA lesions were each divided into four 3-mm thick
osteochondral slabs (anterior to posterior for the tibia and
abaxial to axial for the femoral condyle). After routine
histologic processing, each osteochondral slab was embed-
ded in paraffin (anterior surface down for the tibial slabs
and abaxial surface down for the femoral condyle slabs)
and 5-μm sections were stained with Safranin O. The tis-
sue sections obtained from the two central osteochondral
slabs of each four weight-bearing compartments, which
usually shows the earliest and most severe histological ab-
normalities [12] were evaluated using the Mankin’s grad-
ing system by an experienced cartilage pathologist [13]
(Fig. 1). The observer was blinded for the treatment re-
ceived by the rabbit group source and macroscopic de-
scription of the samples, which were presented in random
order.

Statistical analysis
All data are expressed as the mean ± standard deviation
(SD). Statistical analysis of the gross morphology data was
performed using the nonparametric Mann–Whitney U
test. The histological data were analyzed using a paired t-
test. The statistical analyses were performed with SPSS
19.0 for Windows software, and P < 0.05 indicated statis-
tical significance.

Results
Model development
All operations were performed without complications. At
euthanasia, no significant variation in the body weights be-
tween the experimental groups was observed and the
complete transection of each ACL was confirmed grossly.
In the current study, at 4 weeks after model establishment,
safranin O staining in the ACLT group was partially lost
and fibroses were observed on the surface of hyaline cartil-
age, indicating loss of articular cartilage proteoglycan and
induction of early OA. The ACLTanimals in placebo group
that were sacrificed at 9 weeks demonstrated histo-
logical features that included extensive partial thickness
fissures, loss of the superficial zone layer and empty
chondrocyte lacunae within the remaining cartilage
with reduced Safranin-O staining, which is similar to
the pathological changes in the middle stage of human
OA. The animals that were sacrificed at 16 weeks had
progressive osteophytosis in the medial knee compart-
ment, as well as partial or full thickness cartilage ero-
sion of the femoral condyle, and to a lesser extent, in
the tibial plateau. In most cases, there was little or no
cartilage remaining in the MFC, leaving the subchon-
dral bone exposed, which corresponded to the patho-
logical changes in the terminal stage of human OA.

Macroscopic grading in the middle and terminal stages
of OA
In the sham operation joints, the macroscopic grades
were 0 (normal). No cartilage erosion was observed in
any joint compartment. The sham group was included
for comparative purposes to demonstrate that the ACLT
surgery we performed induced degenerative changes in
the articular cartilage. The DHEA 9 w group had a lower
severity grade of macroscopic cartilage lesions in the 4
joint compartments compared with that in the NS 9 w
group, and this difference was significant (MFC P = 0.013;
LFC P = 0.048; MTP P = 0.045; LTP P = 0.02). The DHEA
16 w group has a significantly lower severity grade of
macroscopic cartilage lesions in the LFC and LTP



Fig. 1 The medial and lateral tibias as well as the medial and lateral femoral condyles were each divided into four 3 mm-thick osteochondral slabs,
and the central two slabs (*) obtained from each of four major weight-bearing compartments were histologically examined. M: medial. L: lateral
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compartments compared with that in the NS 16 w group
(LFC P = 0.046; LTP = 0.034); however, the between-group
difference in the macroscopic score for the MFC and
MTP was not significant (P > 0.05). Figure 2 presents the
macroscopic grading in the four regions among the
groups. Figures 3 and 4 display typical macroscopic cartil-
age lesions among the groups in the four regions for the
different OA stages.

Histological observations in the middle and terminal
stages of OA
A quantitative histomorphometric assessment of the sec-
tions stained with Safranin O was performed using the
Fig. 2 Macroscopic grades of the articular surfaces of the femoral condyles
and LTP). Data are presented as the mean percentage distribution of grade
placebo-treated group
Mankin scoring system. Similar to the degeneration
trends in the macroscopic grading, the histological ana-
lyses showed that the lesions increased during middle to
advanced OA. Typically, cartilage erosion with loss of
the superficial or even the mid-zone was observed
9 weeks after ACLT. In the 16th week, microfractures
became visible through the bone plate or the contour of
the articular surface changed because of bone remodel-
ing. Generally, minor lesions could be observed in the
ACLT +DHEA group compared to the ACLT +NS
group at 9 and 16 weeks after ACLT. In the DHEA
groups, rare ulceration and a slight increase in the num-
ber of chondrocyte layers were observed. In addition,
and tibial plateaus. Four compartments were graded (MFC, LFC, MTP
s. *P < 0.05 for the DHEA-treated group compared with the



Fig. 3 Typical macroscopic cartilage lesions among the groups in the four regions for the OA middle stage. The DHEA 9 w group exhibited a
lower severity grade of macroscopic cartilage lesions in the 4 joint compartments compared with the NS 9 w group (P < 0.05). a-c represents the
medial femoral condyles (MFC) of different groups (a: Sham, 9 w; b: ACLT+ DHEA, 9 w; c: ACLT + NS, 9 w). d-f represents the lateral femoral
condyles (LFC) of different groups (d: Sham, 9 w; e: ACLT+ DHEA, 9 w; f: ACLT + NS, 9 w). g-i represents the medial tibial plateaus (MTP) of
different groups (g: Sham, 9 w; h: ACLT+ DHEA, 9 w; i: ACLT + NS, 9 w). j-l represents the medial tibial plateaus (LTP) of different groups (j: Sham,
9 w; k: ACLT+ DHEA, 9 w; l: ACLT + NS, 9 w)

Fig. 4 Typical macroscopic cartilage lesions among the groups in the four regions for the advanced stage of OA. The DHEA 16 w group
exhibited significantly lower severity grades of macroscopic cartilage lesions in the LFC and LTP compartments compared with those observed in
the NS 16 w group (P < 0.05); however, the between-group difference in the macroscopic scores for the MFC and MTP were not significant
(P > 0.05). a-c represents the medial femoral condyles (MFC) of different groups (a: Sham, 16 w; b: ACLT+ DHEA, 16 w; c: ACLT + NS, 16 w). d-f
represents the lateral femoral condyles (LFC) of different groups (d: Sham, 16 w; e: ACLT+ DHEA, 16 w; f: ACLT + NS, 16 w). g-i represents the
medial tibial plateaus (MTP) of different groups (g: Sham, 16 w; h: ACLT+ DHEA, 16 w; i: ACLT + NS, 16 w). j-l represents the medial tibial plateaus
(LTP) of different groups (j: Sham, 16 w; k: ACLT+ DHEA, 16 w; l: ACLT + NS, 16 w)
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the osteophytes were smaller in the DHEA groups com-
pared to those in the placebo groups. In the middle and
advanced stages of OA, the cartilage was thicker in the
DHEA groups than in the placebo groups. The distribu-
tion of chondrocytes in the areas with OA lesions was
normal or slightly hypercellular in the DHEA groups, in-
dicating regenerative activity; in the placebo groups,
hypocellularity or aggregation of the chondrocytes was
observed. Safranin-O staining, which could specifically
bind to the proteoglycan in the ECM, was positive in the
majority of the DHEA group specimens and in a minority
of the placebo group specimens. The total Mankin scores
of four regions were significantly higher in ACLT +NS
group compared with those in ACLT +DHEA group at
9 weeks (MFC P = 0.012; LFC P = 0.034; MTP P = 0.016;
LTP P = 0.002). The total Mankin scores of LFC and LTP
Fig. 5 Representative Safranin O/fast green-stained histologic sections illus
groups in the four regions for the middle stage of OA. All DHEA-treated gr
the 4 joint compartments compared with placebo-treated groups with the
compartments were observed between the DHEA 16 w and NS 16 w grou
DHEA, 9w; d: LFC ACLT + NS, 9 w; e: MTP ACLT+ DHEA, 9w; f: MTP ACLT +
histological changes among the groups in the four regions for the advance
LFC ACLT+ DHEA, 16 w; l: LFC ACLT + NS, 16 w; m: MTP ACLT+ DHEA, 16 w
NS, 16 w). (Original magnification ×200, scale bar 50 μm)
in ACLT +NS group at 16 weeks is significantly higher
than those in ACLT +DHEA group (LFC P = 0.005; LTP
P = 0.002), while no statistically significant differences in
the total Mankin scores for the MTP and MFC compart-
ments were observed between the ACLT +DHEA 16 w
and ACLT +NS 16 w groups which was consistent with
the macroscopic data. The above data indicate that DHEA
exerts an anabolic effect on cartilage by stimulating the
synthesis of the cartilage matrix components and by in-
creasing the proteoglycan synthesis mainly in the middle
stage of OA. Figure 4 shows the quantitative histological
results of the articular cartilage during the development of
OA. Figure 5 shows typical sections of cartilage in differ-
ent groups during both stages of OA. Figure 6 presents
the histological score for articular cartilage of various
groups 9 weeks after operation. Figure 7 presents the
trating cartilage lesions. a-h represents histological changes among the
oups exhibited lower severity grades for histological cartilage lesions in
exception that no histological differences for the MTP and MFC
ps. (a: MFC ACLT+ DHEA, 9w; b: MFC ACLT + NS, 9 w; c: LFC ACLT+
NS, 9 w; g: LTP ACLT+ DHEA, 9w; h: LTP ACLT + NS, 9 w). i-p represents
d stage of OA (i: MFC ACLT+ DHEA, 16 w; j: MFC ACLT + NS, 16 w; k:
; n: MTP ACLT + NS, 16 w; o: LTP ACLT+ DHEA, 16 w; p: LTP ACLT +



Fig. 6 Histologic scores of the articular surfaces of the femoral condyles and tibial plateaus 9 weeks after operation. The scores for the histologic
parameters with between-group comparisons are presented. Values represent the mean and SD. Histologic analysis revealed that the total Mankin
score of DHEA-treated groups was significantly reduced compared with that of placebo-treated groups in both compartments of the knee. *P < 0.05
for the DHEA-treated group compared with the placebo-treated group. **P < 0.01 for the DHEA-treated group compared with the
placebo-treated group
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histological score for articular cartilage of various groups
16 weeks after operation.

Discussion
OA is one of the leading causes of disability worldwide and
is a serious burden to patients and society. Although the
pathogenesis of OA is not fully understood, a central hall-
mark in this slow, chronic disease is progressive destruction
of the articular cartilage. Thus, ideal medication should be
able to retard this process and positively impact different
aspects of the disease, including structural and metabolic
changes in the joint components. DHEA appears to fulfill
many of these requested criteria, such as having no toxic ef-
fects on the chondrocytes [9], possessing anti-inflammatory
properties [14], and antagonizing the catabolic mediators
and anabolic effects on the cartilage matrix [15].
The initial study by Williams et al. [16] reported that re-

peated administration of DHEA during arthritis induction
delayed the onset and decreased the severity of collagen-
induced arthritis in male and female DBA/1 mice. In a re-
cent study, Jo et al. [17] showed that treating chondrocytes
isolated from human osteoarthritic knee cartilage with
DHEA significantly suppressed the gene expression and
protein synthesis of MMP-1, while increasing the gene ex-
pression and protein synthesis of TIMP-1. Based on these
studies, similar results in our previous work showed that
DHEA protects against joint destruction and inhibits the
progression of OA by modulating the catabolic/anabolic
balance of cartilage, including the MMPs/TIMP-1 system
[18] and the ADAMTS/TIMP-3 system [10, 19].
The aforementioned studies predominantly focus on the

protective role of DHEA on cartilage at the molecular
level. There is insufficient data demonstrating a potentially
beneficial role of DHEA in the pathological changes that
occur in OA. To provide a histological explanation for pre-
vious molecular results, this study focused on evaluating



Fig. 7 Histologic scores of the articular surfaces of the femoral condyles and tibial plateaus 16 weeks after operation. DHEA treatment reduced
the total Mankin score in the lateral compartment. However, the total Mankin score of the medial compartment between groups does not have
significant differenence. *P < 0.05 for the DHEA-treated group compared with the placebo-treated group. **P < 0.01 for the DHEA-treated group
compared with the placebo-treated group

Huang et al. BMC Musculoskeletal Disorders  (2015) 16:178 Page 8 of 10
the histomorphological changes that occur in different
joint compartments during the stages of OA after adminis-
tering DHEA. The macroscopic and histological findings of
this study matched well with the evidence provided in the
above molecular experiments, indicating a chondroprotec-
tive role of DHEA in a surgically induced OA model.
The current data showed that the histological changes

are time-dependent and site-specific; the cartilage lesion
after ACLT showed increasing severity with the develop-
ment of the disease and was similar to that in a clinical
situation. In addition, the lesions in the medial femoroti-
bial compartment presented earlier and were more ad-
vanced than those in the lateral compartment, likely
because the medial compartment is the primary weight-
loading region of the knee, thus the cartilage might de-
generate faster than in other sections of the joint.
The Mankin analyses revealed that the DHEA injections

effectively inhibited the progression of existing cartilage
degeneration in both knee compartments at 9 weeks
postoperatively and in the lateral knee compartment at 16
postoperative weeks. The Safranin O staining showed that
the loss of proteoglycan could be prevented by DHEA ad-
ministration, which is consistent with a relevant in vitro
study reporting that DHEA could stimulate articular car-
tilage integration (reflected by increased glycosaminogly-
can content) [20]. However, no effects were detected at 16
postoperative weeks in the MFC and MTP of the joint.
This finding indicates that DHEA administration does not
greatly affect the medial compartment, which endures the
most stress force when OA develops into the advanced
stage. We hypothesize that DHEA most likely plays a
beneficial role when the cartilage matrix remains during
disease progression, such as in the early and middle stages
of OA. In the terminal stage of OA, full thickness cartilage
damage occurs, leaving the subchondral bone exposed,
particularly in the MFC and MTP, which causes the matrix
restoration process conducted by the chondrocytes to be
unresponsive to DHEA stimulation. Another explanation
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might be that in the terminal stage of OA, the cartilage de-
generation process markedly exceeds the cartilage matrix
recovery process induced by DHEA, leading to severe car-
tilage damage similar to that in the control group. Thus,
the between-group difference in the cartilage quality in the
medial compartment is not significant. We also found that
the Mankin score of the lateral compartment of placebo
group in terminal OA is significantly lower than that of
medial compartment (data not shown). Based on the above
two hypotheses, it is reasonable to explain why DHEA still
work on the lateral compartment at advanced stage of OA.
Many studies have revealed the important role of the

Wnt/β-catenin signaling pathway in the pathogenesis of
OA [21–23]. Dell'accio and his colleagues [24] also dem-
onstrated that Wnt/β-catenin proteins are up-regulated in
joint areas with moderate-to-severe OA damage. Consist-
ent with Dell'accio’s study, Lories et al. [25] also reported
that cartilage loss is associated with a trend towards in-
creased β-catenin levels in damaged cartilage in a mice
model of OA. The results of the two studies suggest that
Wnt/β-catenin signaling activation is enhanced in ad-
vanced OA with severe joint damage compared with the
early and middle stages of the disease. Moreover, our most
recent study [26] demonstrated that DHEA likely exerts
its anti-osteoarthritic effect by regulating Wnt/β-catenin
signaling. The protective effect of DHEA was significantly
decreased when Wnt/β-catenin signaling was activated,
whereas the inactivation of Wnt/β-catenin signaling en-
hanced the effects of DHEA. Thus, the third explanation
demonstrates why DHEA administration does not greatly
affect the medial compartment in the present research; in
this region, the cartilage exhibited the most severe dam-
age, and the activation of Wnt/β-catenin signaling is up-
regulated.
Now osteoarthritis is viewed as a multifactorial disease

affecting the whole joint. Although previous research fo-
cused primarily on changes in the articular cartilage,
more recent studies have highlighted the importance of
the subchondral bone, menisci, ligaments, synovium and
periarticular muscles [27, 28]. Thus, a limitation of this
study is that apart from articular cartilage we have not
examined any effects of DHEA on other joint tissues like
subchondral bone and menisci due to the limited joint
specimen.

Conclusion
Intra-articular DHEA injection plays a chondroprotec-
tive role in both compartments of the knee in the middle
stage of OA, whereas DHEA was chondroprotective only
in the lateral compartment in advanced OA. The disease-
modifying efficacy of DHEA aganist OA is time-specific
and site-dependent. DHEA could be used as a disease-
modifying strategy to limit the progression of OA, espe-
cially in the middle stage.
Abbreviations
ACLT: Anterior cruciate ligament transaction; DHEA: Dehydroepiandrosterone;
OA: Osteoarthritis; MFC: Medial femoral condyle; LFC: Lateral femoral condyle;
MTP: Medial tibial plateau; LTP: Lateral tibial plateau; NS: Normal saline.

Competing interests
None of the authors has a financial interest in any of the products, devices,
or drugs mentioned in this article.

Authors’ contributions
LDW conceived and designed the experiments. KH and JPB performed the
experiments. KH, JPB and GJJ analyzed the data. KH and JPB carried out
Gross observation and Histological examinations. KH, GJJ and LDW helped to
draft the manuscript. All authors read and approved the final manuscript.

Acknowledgements
This work was supported by Public Welfare Fundation of Science Technology
Department of Zhejiang Province (No.2013C37025) and Natural Science
Foundation of Zhejiang Province (No.Y2110078).

Author details
1Department of Orthopedics, The Second Affiliated Hospital of Zhejiang
University, Zhejiang University, Hangzhou, China. 2Department of
Orthopedics, Tongde Hospital of Zhejiang Province, Hangzhou, China.
3Department of Orthopedics, Royal United Hospital Bath, Bath, United
Kingdom.

Received: 15 November 2014 Accepted: 26 May 2015

References
1. Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: an update with

relevance for clinical practice. Lancet. 2011;377:2115–26.
2. Lee AS, Ellman MB, Yan D, Kroin JS, Cole BJ, van Wijnen AJ, et al. A current

review of molecular mechanisms regarding osteoarthritis and pain. Gene.
2013;527:440–7.

3. Felson DT. Clinical practice. Osteoarthritis of the knee. N Engl J Med.
2006;354:841–8.

4. Mero A, Campisi M, Favero M, Barbera C, Secchieri C, Dayer JM, et al. A
hyaluronic acid-salmon calcitonin conjugate for the local treatment of
osteoarthritis: Chondro-protective effect in a rabbit model of early OA. J
Control Release. 2014;187:30–8.

5. Hayashi M, Muneta T, Takahashi T, Ju YJ, Tsuji K, Sekiya I. Intra-articular
injections of bone morphogenetic protein-7 retard progression of existing
cartilage degeneration. J Orthop Res. 2010;28:1502–6.

6. Bao JP, Chen WP, Wu LD. Lubricin: a novel potential biotherapeutic
approaches for the treatment of osteoarthritis. Mol Biol Rep. 2011;38:2879–85.

7. Chen WP, Bao JP, Hu PF, Feng J, Wu LD. Alleviation of osteoarthritis by
Trichostatin A, a histone deacetylase inhibitor, in experimental osteoarthritis.
Mol Biol Rep. 2010;37:3967–72.

8. Qi Y, Feng G, Yan W. Mesenchymal stem cell-based treatment for cartilage
defects in osteoarthritis. Mol Biol Rep. 2012;39:5683–9.

9. Sun JS, Wu CX, Tsuang YH, Chen LT, Sheu SY. The in vitro effects of
dehydroepiandrosterone on chondrocyte metabolism. Osteoarthritis
Cartilage. 2006;14:238–49.

10. Huang K, Zhang C, Zhang XW, Bao JP, Wu LD. Effect of
dehydroepiandrosterone on aggrecanase expression in articular cartilage in
a rabbit model of osteoarthritis. Mol Biol Rep. 2011;38:3569–72.

11. Pelletier JP, Jovanovic D, Fernandes JC, Manning P, Connor JR, Currie MG,
et al. Reduced progression of experimental osteoarthritis in vivo by selective
inhibition of inducible nitric oxide synthase. Arthritis Rheum. 1998;41:1275–86.

12. Calvo E, Palacios I, Delgado E, Ruiz-Cabello J, Hernández P, Sánchez-Pernaute
O, et al. High-resolution MRI detects cartilage swelling at the early stages of
experimental osteoarthritis. Osteoarthritis Cartilage. 2001;9:463e72.

13. Mankin HJ, Dorfman H, Lippiello L, Zarins A. Biochemical and metabolic
abnormalities in articular cartilage from osteo-arthritic human hips. II.
Correlation of morphology with biochemical and metabolic data. J Bone
Joint Surg Am. 1971;53:523–37.

14. Huerta-García E, Montiél-Dávalos A, Alfaro-Moreno E, Gutiérrez-Iglesias G,
López-Marure R. Dehydroepiandrosterone protects endothelial cells against



Huang et al. BMC Musculoskeletal Disorders  (2015) 16:178 Page 10 of 10
inflammatory events induced by urban particulate matter and titanium
dioxide nanoparticles. Biomed Res Int. 2013;382058.

15. Jo H, Ahn HJ, Kim EM, Kim HJ, Seong SC, Lee I, et al. Effects of
dehydroepiandrosterone on articular cartilage during the development of
osteoarthritis. Arthritis Rheum. 2004;50:2531–8.

16. Williams PJ, Jones RH, Rademacher TW. Reduction in the incidence and
severity of collagen-induced arthritis in DBA/1 mice, using exogenous
dehydroepiandrosterone. Arthritis Rheum. 1997;40:907–11.

17. Jo H, Park JS, Kim EM, Jung MY, Lee SH, Seong SC, et al. The in vitro effects
of dehydroepiandrosterone on human osteoarthritic chondrocytes.
Osteoarthritis Cartilage. 2003;11:585–94.

18. Wu LD, Yu HC, Xiong Y, Feng J. Effect of dehydroepiandrosterone on
cartilage and synovium of knee joints with osteoarthritis in rabbits.
Rheumatol Int. 2006;27:79–85.

19. Huang K, Wu LD. Suppression of aggrecanase: a novel protective
mechanism of dehydroepiandrosterone in osteoarthritis? Mol Biol Rep.
2010;37:1241–5.

20. Englert C, Blunk T, Fierlbeck J, Kaiser J, Stosiek W, Angele P, et al. Steroid
hormones strongly support bovine articular cartilage integration in the
absence of interleukin-1beta. Arthritis Rheum. 2006;54:3890–7.

21. Takamatsu A, Ohkawara B, Ito M, Masuda A, Sakai T, Ishiguro N, et al.
Verapamil protects against cartilage degradation in osteoarthritis by
inhibiting Wnt/β-catenin signaling. PLoS One. 2014;9, e92699.

22. Sassi N, Laadhar L, Allouche M, Achek A, Kallel-Sellami M, Makni S, et al.
WNT signaling and chondrocytes: from cell fate determination to osteoarthritis
physiopathology. J Recept Signal Transduct Res. 2014;34:73–80.

23. Abed É, Couchourel D, Delalandre A, Duval N, Pelletier JP, Martel-Pelletier J,
et al. Low sirtuin 1 levels in human osteoarthritis subchondral osteoblasts
lead to abnormal sclerostin expression which decreases Wnt/β-catenin
activity. Bone. 2014;59:28–36.

24. Dell'accio F, De Bari C, Eltawil NM, Vanhummelen P, Pitzalis C. Identification
of the molecular response of articular cartilage to injury, by microarray
screening: Wnt-16 expression and signaling after injury and in osteoarthritis.
Arthritis Rheum. 2008;58:1410–21.

25. Lories RJ1, Peeters J, Bakker A, Tylzanowski P, Derese I, Schrooten J, et al.
Articular cartilage and biomechanical properties of the long bones in
Frzbknockout mice. Arthritis Rheum. 2007;56:4095–103.

26. Li WJ, Tang LP, Xiong Y, Chen WP, Zhou XD, Ding QH, et al. A possible
mechanism in DHEA-mediated protection against osteoarthritis. Steroids.
2014;89C:20–6.

27. Yuan XL, Meng HY, Wang YC, Peng J, Guo QY, Wang AY, et al. Bone-
cartilage interface crosstalk in osteoarthritis: potential pathways and future
therapeutic strategies. Osteoarthritis Cartilage. 2014;22:1077–89.

28. Guermazi A, Roemer FW, Crema MD, Englund M, Hayashi D. Imaging of
non-osteochondral tissues in osteoarthritis. Osteoarthritis Cartilage.
2014;22:1590–605.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Ethics statement
	Reagents
	Animal groups and treatment
	Gross observation
	Histological examinations
	Statistical analysis

	Results
	Model development
	Macroscopic grading in the middle and terminal stages of OA
	Histological observations in the middle and terminal stages of OA

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



