
3546

Abstract. – OBJECTIVE: The aim of the pres-
ent study was to compare the molecular and 
morphological effects of diacerein and glucos-
amine-chondroitin drug treatment and intra-ar-
ticular injection therapy of human deciduous 
dental pulp stem cells (hDPSCs) in a rat knee 
model of induced osteoarthritis (OA). 

MATERIALS AND METHODS: Thirty-six 
adult male rats were randomly separated in-
to six groups: Control group (without induc-
tion of OA), osteoarthritis group 60 (induction 
of OA, saline gavage started on day 14 and per-
formed for 60 days, followed by euthanasia), 
osteoarthritis group (induction of OA and eu-
thanasia after 14 days), diacerein group, glu-
cosamine-chondroitin group, and mesenchy-
mal stem cell group. The drug-treated groups 
were gavaged with 50 mg/kg of diacerein and 
400/500 mg/kg of glucosamine-chondroitin 
starting on dat 14 for 60 days. The cell thera-
py-treated group received an intra-articular sin-
gle dose of 8 × 105 hDPSCs on day 14, and eu-
thanasia was performed after 60 days. Lateral 
femoral condyles were collected and prepared 
for immunohistochemistry and light microsco-
py procedures. 

RESULTS: The morphological features and im-
munoexpression of SOX-5, IHH, MMP-8, MMP-
13, and Type II collagen were statistically an-
alysed. Our data suggest that hDPSC therapy 
contributes more actively and effectively in the 
structural reorganization of lateral femoral con-
dyles. In contrast, the glucosamine-chondroitin 
sulphate treatment was more effective in inflam-
matory control, while diacerein showed better 
results associated with the maintenance of the 
primordial cartilage. 

CONCLUSIONS: The positive therapeutic ef-
fect of daily administered conventional drugs 
can be confirmed in a rat model of OA. Howev-
er, one single dose of locally administered hDP-
SCs provides significant improvement in tissue 
regeneration in an OA model.
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pulp stem cells.

Introduction

Osteoarthritis (OA) is the most common ar-
ticular disease in the world, and it causes several 
disabilities1. OA is characterized by a metabolic 
imbalance in which the overexpression of matrix 
metalloproteinases (MMPs)2 results in extracellu-
lar matrix (ECM) changes, such as proteoglycan 
and collagen 2 (Col2) loss, matrix fibrillation, 
and initial erosion followed by complete cartilage 
loss; moreover, in a later stage, bone to bone con-
tact can be observed3.

Several transcription factors are involved in 
the formation and maintenance of a healthy ar-
ticular cartilage, such as the SOX gene family 
(SOX-5, 6, and 9)4, and they have been reported 
to be crucial in primordial cartilage develop-
ment because the absence of these proteins 
leads to severe chondral impairment5. These 
transcription factors also play a role in Col2 
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activation6 and the maintenance of chondrogenic 
phenotypes because SOX-5 and SOX-6 promote 
cartilage matrix formation7 and SOX-9 overex-
pression shows an improvement in chondrogenic 
performance8. In association with the SOX gene 
family, Indian hedgehog (IHH) is an important 
factor for cartilage analysis because it is in-
volved in chondrocyte hypertrophic regulation 
and endochondral ossification9. 

Among the most commonly used drugs for 
OA therapy are diacerein10 and a combination of 
glucosamine and chondroitin11. Diacerein shows 
moderate anti-inflammatory action and analgesic 
activity12 and is mainly associated with interleu-
kin 1(IL-1), inhibition, nitric oxide and MMPs13. 
Diacerein has recently been awarded the seal of 
excellence by the European Association for the 
Clinical and Economic Aspects of Osteoporosis 
and Osteoarthritis (ESCEO) because of its bene-
fits in the treatment of OA14. 

Glucosamine acts on the synthesis of glycos-
aminoglycans and proteoglycans in cartilage15 and 
induces chondrocytes to inhibit MMPs synthesis16. 
Chondroitin shows anti-inflammatory activity by 
stimulating the synthesis of hyaluronic acid and 
proteoglycans and inhibiting the synthesis of pro-
teolytic enzymes and nitric oxide17. After a sys-
tematic review and meta-analysis of randomized 
clinical trials18, the efficacy of diacerein and glu-
cosamine sulphate/chondroitin in OA treatment 
has been verified. Because a cure for OA has not 
yet been discovered, treatments for OA involve 
inflammatory control and pain relief19. Mesenchy-
mal stem cells (MSCs) are an important candidate 
for current research into OA treatment20 because 
they can differentiate into chondrogenic line cells, 
directly promote new cartilage formation, and pro-
vide inflammatory control21. 

In the present paper, we investigate the hy-
pothesis that human deciduous dental pulp-de-
rived stem cells (hDPSCs) may represent a more 
effective treatment for OA compared with con-
ventional drugs, such as diacerein and a com-
bination of glucosamine and chondroitin, based 
on the morphology of three articular layers as 
indicated by morphometry (measurement) and 
stereology (chondrocytes quantification) analy-
ses. The effects of hDPSCs, diacerein and glucos-
amine-chondroitin sulphates on the expression 
of transcription factors important for the genesis 
and maintenance of healthy cartilage (SOX-5 and 
IHH), the main protein that constitutes ECM 
(Col2) and ECM-degrading enzymes (MMP-8 
and MMP-13) were also observed. 

Materials and Methods

Study Subjects
The animal procedures were performed in 

accordance with the Ethical guidelines of the An-
imal Care Ethical Committee of the Universidade 
Federal de São Paulo (no 04.023-061). 

Thirty-six male Wistar rats (Rattus norvegicus) 
that were bred and housed until 12 weeks of age 
at the CEDEME (Central de Desenvolvimento de 
Modelos Experimentais para Biologia e Medicina) 
of the Federal University of São Paulo under a nat-
ural dark and light (12:12 h) cycle with ad libitum 
water and standard food access were used. The 
animals were randomly distributed into six groups 
(n=6 animals each). The control group (CG): OA 
was not induced, and gavage was started on day 
14 and performed for 60 days, followed by eutha-
nasia; the osteoarthritis group (OAG60): OA was 
induced and saline gavage was started on day 14 
and performed for 60 days, followed by euthanasia 
the osteoarthritis group (OAG): OA was induced, 
and euthanasia was performed at day 14; the dia-
cerein group (DG)/glucosamine-chondroitin group 
(GSCG): OA was induced and drug gavage was 
started on day 14 and performed for 60 days, 
followed by euthanasia; the mesenchymal stem 
cell group (MSCG): OA was induced, a single 
intra-articular application of 8×105 hDPSC in 4 
mL of saline solution was administered on 14, and 
euthanasia was performed on day 60.

OA Induction and Treatment
OA was induced under anaesthesia (ketamine 

100 mg/kg – Ceva, Paulinia, São Paulo, Brazil 
and xylazine 10 mg/kg - Ceva, Paulinia, São Pau-
lo, Brazil) via an intra-articular injection in the 
left knee of a single dose of 1 mg zymosan (CAS 
number 58856-93-2, Merck KGaA, Darmstadt, 
Hesse, Germany) dissolved in up to 50 µL of ster-
ile saline. After trichotomy and antisepsis with 
povidone (Vic Pharma, Taquaritinga, São Paulo, 
Brazil), a needle was carefully inserted into the 
left knee via a medial approach just below the 
femoro-patellar ligament. Thereafter, the animals 
rested for 14 days in order to develop the inflam-
matory process and chondral degeneration via the 
Rocha et al method22. The same procedures were 
performed in the CG using sterile saline. 

Fourteen days after induction, 50 mg/kg of 
diacerein (Artrodar®, TRB Pharma Indústria 
Química e Farmacêutica Ltda, São Paulo, São 
Paulo, Brazil) and 400/500 mg/kg of glucosamine 
chondroitin (Artrolive®, Aché Laboratórios Far-
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macêuticos S.A., São Paulo, São Paulo, Brazil) 
were administered daily for 60 days by gavage 
to the DG and GSCG. In the CG and OAG60, 
sterile saline was administered by gavage for 60 
days. The MSCG received a single intra-articular 
application of 8 × 105 hDPSC in 4 mL of saline 
solution.

The tissue explant of dental pulp was used to 
isolate stem cells from exfoliated deciduous teeth. 
Isolation, cultivation and characterization of this 
population of MSC was obtained in accordance 
with the Kerkis et al method23. Early passages 
with normal karyotypes were grown in DMEM 
supplemented with 10% FBS, 100 U/ml peni-
cillin, 100 g/ml streptomycin, and 2 mM L-glu-
tamine (Thermo Fisher Scientific Cat. Number 
11965092, Waltham, MA, USA). All cultures 
were incubated at 37°C in 5% CO2 and high hu-
midity. At the moment of the treatment, the cells 
were counted, washed in saline and injected in 
the knee.

The animals in the OAG were euthanized at 14 
days post OA induction, while the other groups 
were treated for more than 60 days and eutha-
nized intraperitoneally using a lethal anaesthetic 
dose (5 times the amount used to anaesthetize the 
animals). The knee capsule was sectioned and the 
meniscus was isolated. The distal epiphysis of 
the femur containing the lateral condyle cartilage 
was isolated and fixed with 4% paraformaldehyde 
in 0.1 M phosphate-buffered saline (PBS) at 7.4. 
The fixed specimens were decalcified in formic 
acid (20%, CAS Number 64-18-6, F0507, Merck 
KGaA, Darmstadt, Hesse, Germany) dissolved 
in distilled water for approximately 2 days. The 
specimens were then routinely paraffin-embed-
ded (Paraplast, CAS Number 145686-99-3, Merck 
KGaA, Darmstadt, Hesse, Germany), and 3 µm 
sagittal cuts perpendicular to the articular surface 
of the femoral cartilage were obtained. 

Quantitative Analysis
For the morphometrical studies, 50 cuts of 

each sample were performed to minimize vari-
ability. Every fifteenth cut the samples from each 
animal was stained with haematoxylin and eosin 
(HE). Two trained examiners determined the car-
tilage thickness and chondrocyte count in a blind 
manner. Histological sections were analysed us-
ing a digital image analysis system for quantita-
tive histomorphometry (KS-300; Carl Zeiss Inc., 
Oberkochen, Baden-Wurttemberg, Germany). 
Each microscopic image was projected to a mon-
itor, and the sectional cartilage area was divided 

into five equidistant points from the front to the 
back. Subsequently, the thickness of the entire 
cartilage was measured perpendicularly from the 
surface layer to the deep layer at each determined 
point. For each area, the surface, middle or deep 
layers and the number of chondrocytes were de-
termined. 

Immunohistochemistry 
For immunohistochemistry, sections (3 µm 

thick) from the specimens were deparaffinized 
and rehydrated. The slides were heated to 95°C 
for 35 min in citrate buffer (pH 6.0) for antigen 
retrieval and incubated in a methanol and 6% 
hydrogen peroxide solution (1:1) for 30 min 
to quench endogenous peroxidase activity. The 
sections were incubated with 1% BSA (bovine 
serum albumin -CAS Number 9048-46-8, 5470 
- Merck KGaA, Darmstadt, Hesse, Germany) 
for 45 min to block nonspecific reactions. The 
slides were incubated with primary antibodies: 
Col2 1:250 (M2139, Santa Cruz Biotechnology, 
Dallas, TX, USA), MMP-8 1:200 (SAB4501895, 
Merck KGaA, Darmstadt, Hesse, Germany), 
MMP-13 1:200 (SAB4501900, Merck KGaA, 
Darmstadt, Hesse, Germany), SOX-5 1:50 (H-
90, Santa Cruz Biotechnology, Dallas, TX, 
USA) and IHH 1:100 (AV45230, Merck KGaA, 
Darmstadt, Hesse, Germany) overnight at 4°C. 
The Advanced HRP system (Dako, Carpinteria, 
CA, USA) was used to detect antibodies and 
specimens were counterstained with Mayer’s 
haematoxylin, dehydrated and mounted for ob-
servation and quantification24. 

The quantification analyses were performed 
using WCIF ImageJ software. Three sections for 
each sample were selected, the surface, middle, 
and deep sections were obtained and calibrated, 
and colour deconvolution was performed. In the 
vectors, H DAB was chosen, and the brown im-
age was selected. After many tests, the Threshold 
interval was selected (0 to 180), and the coloured 
Area Fraction was obtained and compared to the 
total area for each studied section. 

Statistical Analysis 
Statistical analyses were performed carried 

out using MATLAB® (version 9.0 R2016a, Math-
works Inc., Natick, MA, USA) software to com-
pare the morphometrical data and the immuno-
histochemical staining percentage area in the 
surface, middle, and deep layers of the studied 
groups. The Kolmogorov-Smirnov test was ap-
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plied to evaluate the normality index of the sample 
origin, and all indexes were rejected. Therefore, 
the Kruskal–Wallis nonparametric test was used 
to compare the variables of interest. Thereafter, a 
post hoc Dunn-Sidak test was used to identify the 
inter-group pair significance. A significance level 
of α =0.05 was considered in all tests. 

Results 

Morphological Data and 
Immunohistochemical Quantification

The morphological changes observed in the ar-
ticular cartilage of OA in the treatments’ groups 
based on HE staining (Figure 1) showed an in-
creased thickness of the joint cartilage in OAG60 
compared to the other groups but did not show 
significant differences in the middle and deep 
layers between the MSCG and CG (Figure 2A). 
Moreover, a decreased number of chondrocytes 
was observed in the OAG and DG compared with 
the CG in the middle layer while no significant 
differences in chondrocyte number was observed 
for the GSCG and MSCG compared with OAG or 
CG (Figure 2B).

Col2 immunostaining was present in all carti-
lage layers of all groups, with the MSCG show-
ing more expression in certain layers than the 
DG and OAG60 (Figure 2C). IHH immunostain-
ing was observed in the chondrocyte cytoplasm 
and nucleus, and its expression was decreased 
in the OAG60 superficial layer compared with 
that of the CG and in the MSCG middle layer 
compared with that of the OAG and OAG60 
(Figure 2D). 

MMP-8 and MMP-13 immunostaining was 
observed in the ECM and chondrocyte cytoplasm 
(Figure 3). MMP-8 expression was mainly de-
creased in the GSCG compared with the CG in all 
layers. Moreover, the staining was weaker in the 
GSCG than the DG and OAG in the middle and 
deep layers (Figure 4A). MMP-13 immunostain-
ing was weaker in the GSCG compared with the 
MSCG, but no difference was observed between 
the MSCG and the CG or DG (Figure 4B).

SOX-5 immunostaining was observed in the 
chondrocyte cytoplasm and nucleus, and the ex-
pression was increased in the DG superficial and 
middle layers compared with that of the OAG and 
increased in the CG superficial layer compared 
with that of the OAG. The MSCG middle layer 
also showed an increase in comparison to that of 
the OAG (Figure 4C).

Discussion 

Treatments with fewer side effects, such as 
cellular therapies, are needed. MSCs differentiate 
into cartilage and can provide a therapeutic ben-
efit in injured tissue due to their paracrine affect. 
hDPSC are of particular interest because they are 
not subject to the ethical and morbidity problems 
observed with other MSC sources. 

It is important to notice that several sources of 
hDPSCs were described in the literature, using 
deciduous teeth, third molars, clinical indicated 
extraction or endodontic treatment. These sourc-
es have shown that DPSC being mesenchymal 
origin has great potency for various therapeutic 
and regenerative purposes in different fields of 
the Medicine like cartilage tissue engineering25,26 
and when compared DPSC lines derived from 
children, adolescents, adults and elderly donors, 
DPSCs derived from aged teeth displayed a de-
crease on their differentiation capacity27.

Concerning the use of induced pluripotent 
stem cells (iPS) and embriological stem cells 
(ESCs), iPS cells have been considered as an 
alternative to human ES cells in order to avoid 
the ethical problems of embryo destruction. To 
produce patient-matched pluripotent cells but the 
efficiency of reprogramming varies significantly 
between different starting cell types mainly when 
the procedure to obtain iPS cells are compared to 
the DPSC process28.

OA treated with common drugs, such as di-
acerein and glucosamine-chondroitin sulphate 
were previously reported in rats29 and humans30. 
However, hDPSC intra-articular injection has not 
been described. Several preclinical and clinical 
studies with scaffolds and MSCs reported bene-
ficial results in the treatment of chondral lesions 
but also demonstrated some disadvantages, such 
as the need for two surgical procedures and the 
expansion of chondrocytes in culture, which may 
lead to the production of fibrocartilage instead of 
hyaline cartilage31,32. To minimize or solve these 
problems, the effects of MSC intra-cellular in-
jections in the treatment of OA were researched 
using animal models33 and humans34.

The first clinical trial phase I/II using 18 pa-
tients with discontinued pharmacological therapy 
used abdominal liposuction of MSCs that were 
grown and administered in three different doses 
in saline solution: low dose = 1 × 107, moderate 
dose = 5 × 107, and high dose = 1 × 108. After 
radiological, arthroscopic, histologic and immu-
nohistochemical analyses for type I and II col-
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lagen, a reduction in pain and articular cartilage 
regeneration was observed with the high dose 
(1 × 108)35. These results are similar to the ones 
obtained in the present study both achieved the 

reestablishment of Col2 expression in the MSCG 
and a trend towards normalize of the number of 
chondrocytes and joint thickness was observed 
compare to the CG.

Figure 1. Histological sagittal sections of the rat femoral articular cartilage of the CG, OAG60, OAG, DG, GSCG and MSCG 
stained with HE, and the surface, middle, and deep layers were observed. Immunohistochemical expression of Col2 and IHH 
observed in articular layers (surface, middle, and deep) of the studied groups. HE scale bar: 200 µm, immunohistochemistry 
scale bar: 50 µm.
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Figure 2. A, Measurement of articular cartilage thickness in all layers. In the surface layer CG vs. OAG (p<0.0001), OAG60 
(p<0.0003) and MSCG (p<0.0175), OAG vs. DG (p<0.0003) and GSCG (p<0.0063), and DG vs.GSCG (p<0.0184). In the 
middle layer CG vs. OAG60 (p<0.0004), OAG vs. DG (p<0.0002), OAG60 vs. OAG (p<0.0005), GD (p<0.0009) and MSGC 
(p<0.0001); DG vs. GSCG (p<0.0003) and MSCG (p<0.0001). In the deep layer OAG vs. GSCG (p<0.0315) and GD vs. 
GSCG (p<0.0328). B, Quantification of chondrocytes in all articular cartilage. In the middle layer CG vs. OAG (p<0.0493) 
and DG (p<0.0021), OAG vs. OAG60 (p<0.0022), OAG60 vs. DG (p<0.0001) and MSCG (p<0.0071). C, Quantification of 
Col2 in the ECM in all articular layers. Immunostaining was observed as follows: surface layer CG vs. OAG (p<0.0143) and 
DG (p<0.0006); middle layer DG vs. MSCG (p<0.0338); deep layer OAG vs. OAG60 (p<0.0137) and MSCG (p<0.0330). D, 
IHH quantification in the chondrocyte nuclei and cytoplasm. Immunostaining was observed as follows: middle layer OAG vs. 
MSCG (p<0.0389) and OAG60 vs. MSCG (p<0.0002).
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OA is a mesenchymal disease in which no 
chondral repair is observed because of MSC de-
pletion and the reduction in proliferative capacity 
and cell differentiation20. In our MSCG, a reduc-
tion in MMP-8 expression and consistent MMP-

13 expression were observed compared with that 
of CG. These results indicate the occurrence 
of direct chondrogenic differentiation and MSC 
regulation of the OA inflammatory process by 
inflammatory cytokine production36. 

Figure 3. Immunohistochemical expression of MMP-8, MMP-13 and SOX-5 in articular layers (surface, middle, and deep) 
of the CG, OAG60, OAG, DG, GSCG and MSCG. Scale bar: 50 µm.
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Figure 4. A, Quantification of MMP-8 expression in the chondrocyte nuclei and cytoplasm. Immunostaining was observed 
as follows: surface layer CG vs. OAG60 (p<0.0033) and GSCG (p<0.0015); middle layer CG vs. GSCG (p<0.0001); OAG 
vs. GSCG (p<0.0037) and OAG60 vs. GSCG (p<0.0135); CG vs. MSCG (p<0.0211) and GD x GSCG (p<0.0321); and deep 
layer CG vs. OAG60 (p<0.0083) and CG vs. GSCG (p<0.0002); OAG vs. GSCG (p<0.0009); DG vs. GSCG (p<0.0197) and 
GSCG vs. MSCG (p<0.0442). B, Quantification of MMP-13 expression in chondrocyte nuclei and cytoplasm. Immunostaining 
was significant as follows: surface layer CG vs. OAG60 (p<0.0093) and GSCG (p<0.0103), OAG60 vs. MSCG (p<0.0008) 
and GSCG vs. MSCG (p<0.0009); middle layer CG vs. GSCG (p<0.0001), OAG vs. GSCG (p<0.0002), OAG60 vs. GSCG 
(p<0.0003), and GSCG vs. MSCG (p<0.0019); and deep layer CG vs. GSCG (p<0.0006), OAG vs. GSCG (p<0.0078), OAG60 
vs. GSCG (0.0014), and GSCG vs. MSCG (p<0.0003). C, Quantification of SOX-5 expression in chondrocyte cytoplasm and 
nucleus. Immunostaining was observed as follows: surface layer CG vs. OAG (p<0.0068) and OAG60 (p<0.0062); OAG vs. 
DG (p<0.0190) and OAG60 vs. DG (p<0.0207) in the middle layer OAG vs. MSCG (0.0437).
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Analysis of IHH and SOX-5 expression in the 
CG, OAG and MSCG groups showed that OA 
causes a reduction in these transcription factors 
while MSCs enhance the expression of these 
markers, indicating that cell therapy led to chon-
drocyte hypertrophy and cartilage maintenance. 

MSCs are attracted by chemokines present in 
diseased tissue37; therefore, intra-articular injec-
tion of MSCs facilitates adhesion to the chondral 
defect and leads to cell proliferation and tissue 
recovery. Our findings corroborate previous stud-
ies38 in that the number of chondrocytes is similar 
between the CG and MSCG.

Our drug-treated groups showed effectiveness 
of the treatment of OA. An analysis of the diacere-
in effects in ECM degradation by MMPs showed 
that MMP-13 expression was reduced in the mid-
dle articular layer, which indicates that diacerein 
reduces chondral lesions caused by OA as previ-
ously described39,40, and in chondrocyte culture41. 

The stimulating effect of diacerein in the pro-
duction of Col2 was shown in humans and ani-
mals with OA42. These results differ from those 
of our study because we observed a reduction in 
Col2 expression in the superficial layer in com-
parison to the CG.

Our Col2 expression results indicated that the 
GSCG showed no difference compared to the 
other groups. A randomized double-blind place-
bo-controlled study involving 32 patients with 
OA to evaluate the effects of glucosamine-chon-
droitin conjugate showed low expression of Col2 
degrading biomarkers, suggesting that the group 
treated with a combination of drugs showed pro-
tection of the main protein of articular cartilage30.

Diacerein presents a more significant pain con-
trol effect than glucosamine/chondroitin sulphate; 
however, both treatments demonstrated efficacy 
in articular function18. The effects of glucosamine/
chondroitin sulphate in human joints with OA43 
and the results presented in this study revealed 
that a decrease in MMPs had a chondroprotective 
effect. A comparison of the chondroprotective 
effects of glucosamine and diacerein in animals 
indicated that diacerein was more effective due to 
the articular movement amplitude44.

Cartilage thickness is altered by different con-
ditions, such as the transection of the anterior 
cruciate ligament in rats, which showed a de-
crease in the thickness of the superficial layer and 
increase in the intermediate and deep layers45. 
After OA, hypertrophy of the joint thickness is 
reported and represents an attempt to repair the 
damage caused by the chondral lesion46. In our 

findings, the superficial articular layer thickness 
was increased in the two groups, with OA being 
more evident in OAG60, whereas in the middle 
layer, there was increase of the thickness in the 
OAG60 and no significant differences among 
the CG, OAG, GSCG compared to the MSCG. 
The middle layer is an important measurement 
because it accounts for the majority of the total 
cartilage thickness and chronicity of the chondral 
lesion directly interferes with an increase in car-
tilage thickness.

Conclusions

Our proposed treatments demonstrated posi-
tive effects in the symptoms and characteristics 
of OA by changing the articular morphology, 
transcription factor and degrading enzyme ex-
pression, and ECM components. An analysis of 
these effects showed that hDPSCs were more 
effective in restoring structural (Col2) and mor-
phological features, such as cellular hypertro-
phy (IHH), articular thickness and chondrocyte 
count. However, glucosamine-chondroitin sul-
phate demonstrated better results in inflammato-
ry control (MMP-8 and MMP-13) and diacerein 
showed better results in factors associated with 
the maintenance of primordial cartilage (SOX-5).
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