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Abstract
Background and Objective: Stem cell therapy is a new treatment option for osteoarthritis. A various applications of stem cell therapy
have been used for cartilage regeneration in arthritis patient. The objective of this study was to examine therapeutic effects of puppy
deciduous teeth stem cells for the treatment of osteoarthritis using a rabbit model. Methodology: In this study, rabbits were subjected
to perform osteoarthritis. The anterior cruciate ligament of the stifle joint was transected over 3 months in order to generate the knee
osteoarthritis. Puppy deciduous teeth stem cells were intra-articularly introduced in a test group after surgically induced arthritis.
Histological characteristic of stifle joint was observed at the end of each experiment for obtaining the therapeutic effects regarding the
stem cell treatment. Results: Results showed an increased number of chondrocytes and the cartilaginous thickening of articular cartilage
layer in the puppy deciduous teeth stem cells-injected group. Conclusion: This finding will open a marked discussion for future possibility
in using deciduous teeth stem cells as an alternative procedure for osteoarthritis treatment.
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given pDSCs (1×106) injected intra-articularly in week 2
(10-14 days) and week 4 (24-28 days) after ACLT induced
osteoarthritis (n = 4). Clinical evaluation consisted of physical
examination and complete blood cell counts were performed.
Animals were anesthetized with isoflurane (5% induction and
2% maintenance) intubated and connected to a ventilator.
Ventilation was done with a tidal volume of 50 mL, at
frequency of 36 bpm. Joint approach was performed along
the para-patellar and joint capsule was cut at the level of
medial patellar. Surgical approach for Anterior Cruciate
Ligament Transection (ACLT) to induce osteoarthritis of the
stifle joint was illustrated in Fig. 1. The procedure included the
following steps: (1) The stifle was approached through an
anterior patellar longitudinal incision, then (2) Medial
parapatellar arthrotomy, the patellar was then retracted
laterally and (3) Anterior cruciate ligament was cut to dislocate
the joint to produce arthritis. Animals were maintained for
3 months for being established as osteoarthritis models.

INTRODUCTION
Osteoarthritis (OA) is the leading cause of chronic pain,
caused by inflammation of articular cartilage, subchondral
bone, synovium and fluid of joints1,2. Clinical appearances
included pain, lameness, limited mobility of joint and
disability. Diagnosing can be done through different
procedures such as orthopedic examinations, radiographic
imaging (x-ray) and Magnetic Resonance Imaging (MRI).
The x-ray is a common effective method but MRI established
better pictures of soft tissue and cartilage, however MRI
is more expensive than other tests. Non-steroidal
anti-inflammatory drugs (NSAIDs) provide the basis of
pharmacological treatment of pain from osteoarthritis.
However, NSAIDs can cause adverse effects such as gastric
ulcers, bleeding and abdominal pain3-5. Stem cell
transplantation becomes widely studied for therapeutic
approaches in the field of regenerative medicine as discussed
elsewhere6-10. Mesenchymal Stem Cells (MSCs) can be isolated
from a variety of organs and tissues, such as bone marrow,
brain, skin, hair follicle, skeletal muscle and dental pulp.
However, it is still unclear whether therapeutic effects are
the result of differentiation of stem cells into specialized
cell types or preserving their self-renewal function11,12.
However, the clinical use of several stem cells has been
controversial and limited due to the ethical concerns13.
Recently, dental-tissue-derived stem cells such as Dental
Pulp Stem Cells (DPSCs) and stem cells from human
exfoliated deciduous teeth (SHED) have been suggested as
a novel alternative resource for cell therapies and tissue
engineering. These dental-tissue-derived stem cells Have
Mesenchymal Stem Cell (MSC) qualities, including the capacity
for self-renewal and multilineage differentiation potential.
Dental MSC like stem cells are not only derived from a very
approachable tissue resource but are also able to supply
enough cells for clinical application14. The objective of this
study was to determine whether puppy deciduous teeth stem
cells (pDSCs) could be used as alternative treatment for
cartilage repair in chronic osteoarthritis.

Cells transplantation: Stem cells from puppy deciduous
teeth were cultured in Dulbeccoʼs modified Eagleʼs medium
(Sigma-Aldrich, St. Louis, MO, USA.) supplemented with 10%
fetal bovine serum (Invitrogen, Gaithersburg, MD, USA.) and
1% penicillin/streptomycin at 37EC, 5% CO2. Cells were
harvested and collected from the culture at 80% confluency
via trypsin-EDTA treatment. The pDSCs at passages 1, 2 and 3
were characterized by intracellular flow cytometry (Santa
Cruze Biotechnology, CA, USA.) as illustrated by previous
study15. The MSCs adhered to plastic culture dishes and
formed fibroblast-like colonies, the phenotype of puppy
deciduous teeth stem cells (pDSCS) at passages 5 and 10
represented in Fig. 2. The classical dental stem cells markers
(Stro1) was detected on pDSCs and the histograms of flow
cytometry analysis of cells surface marker of Stro1 were
analysed as shown in Fig. 2. All transplantation techniques
were performed under aseptic conditions. Approximately
1.0×106 (pDSC) cells were administered intra-articularly into
rabbit stifle joint at 2 and 4 weeks after ACLT induced
osteoarthritis.
Histological examination:

MATERIALS AND METHODS

Stifle joints of male rabbits

treated with pDSCs for 1 and 2 months were incised. Tissues
containing the distal end of femur and the proximal end of
tibia were thoroughly cleaned to remove muscles prior to
immerge in formaldehyde fixative buffer. Stifle joints with
bones were decalcified in the buffer for several days or until
they became soft. Tissues were finally embedded in paraffin
blocks. Sections of stifle joint were cut and stained with
H and E.

Animals: The study was conducted in New Zealand white
rabbits and approved (ACKU 03759) by the Ethical Committee
for Animal Experiments, Kasetsart University, Thailand. Rabbits
were randomly divided into two experimental groups,
consist of group 1 (control): Rabbits given PBS alone
without stem cell administration (n = 4), group 2: Rabbits
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Fig. 1(a-c): Anterior Cruciate Ligament Transection (ACLT) to induce arthritis of the stifle joint of rabbit was created in the right
stifle joint. The surgical technique was modified from that reported by Singh19
H and E staining of the stifle joint: Histological observation

above subchondral bone and cancellous bone, respectively.

of the stifle joint sections was assessed following H and E
staining. Meniscus and ligaments, including cruciate ligaments
and collateral ligaments, appeared normal on both sides of the
stifle joints. Good condition of the bones was judged from
length, width and compactness of the distal femur and the
proximal end of tibia. Thicknesses of articular cartilage layer
measured from the distal end of femur were 200-250 mm
(1 month old treatment) and 250-300 mm (2 months old
treatment) for the control groups and 250-350 mm (1 month
old treatment) and 250-350 mm (2 months old treatment)
for the PBS-treated group, respectively. In the pDSCs-treated
group, a 400-500 mm (1 month old treatment) and
500-600 mm (2 months old treatment) thicknesses of articular
cartilage layer were observed. Layers of articular cartilage as
appeared in paraffin sections were arranged as the followings:
superficial tangential layer, middle transitional layer, deep
radial layer and calcified cartilage layer. The latter positioned

Deep radial layer is the thickest layer of articular cartilage
found in all sample. However, a whole thickness of radial
layer in the pDSCs-treated group (200-300 mm) is almost
3 times larger than the control group (70-100 mm) and the
PBS-treated group. There were an increased number of
chondrocytes and matrices reside in radial layer of the pDSCs
group. The cancellous bone of all sample contained a highly
vascularized spongy bone. Nevertheless, there was a dense
collagenous compartment

in

spongy

bone

of the

pDSCs-treated group. Strips of dense collagen also occupied
at the periphery of chondrocytes in the 2 months old group.
RESULTS
Morphological finding: The appearance of normal articular
cartilage from the rabbit stifle joint was white and clear as
365
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Fig. 2: Upper panel showed flow cytometry profile and phase contrast microscopy of 5 and 10 days post initial isolation of from
puppy deciduous teeth. Cells at passages 1 were seed in plastic culture dish. Lower panel showed flow cytometry profile
of deciduous stem cells at passages 2 and 3 that expressed Stro1 stem cells marker
(a)

(c)

(b)

Fig. 3(a-c): Morphology images of femoral condyles in the intact cruciate ligament (a) Normal, at 5 months post surgically ACLT
induced osteoarthritis, (b) PBS and (c) pDSCs-treated joint (pDSCs)
shown in Fig. 3. The joint in control group (PBS) was appeared

Histological finding: Paraffin sections of rabbit stifle joints

rough, pale and yellowish of cartilaginous tissue after ACLT

representing articular cartilage at the distal end of femur were
shown in Fig. 4 and 5. Noticeably, H and E staining showed an
increasing number of chondrocytes and the thickness of radial
layer in 1 and 2 months pDSCs-treated sample compared to

induced arthritis. However, pDSCs-treated joint (pDSCs) was
similar in morphology with the normal rabbit stifle joint
(Normal).
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Fig. 4(a-f): H and E staining of rabbit stifle joints showed articular cartilage at the distal end of femur. Articular cartilage layers were
characterized as superficial tangential layer (S), middle transitional layer (M), deep radial layer (D), calcified cartilage
(CC) and cancellous bone (BO), respectively. Note an increasing number of chondrocytes and the thickness of radial
layer were noticeable both in 1 and 2 months (c and f) pDSCs-treated sample compared to (a and b) Control and
(b and e) 1 and 2 months PBS-treated group, respectively. Large bundles of collagen fibers were reside in radial layer
as chondrocytes proliferated. a-d: Control group, b-e: PBS-treated group and c-f: pDSCs-treated group
control and PBS-treated group. The amount of large bundles
of collagen fibers in radial layer as chondrocytes proliferated
and the normal articular pattern were obtained in 1 and 2
months pDSCs-treated group when compared with control.

significant changes were seen in the radiological sign of
osteoarthritis in animals treated with 1×106 pDSCs compared
with control animals.
DISCUSSION

Radiographic examination: Six weeks after ACLT-induced
osteoarthritis, the antero-posterior and lateral radiographic
images of stifle joint were performed as shown in Fig. 6. No

The present study demonstrates therapeutic effects of
stem cells from puppy deciduous teeth (pDSCs) in rabbit
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Fig. 5(a-d): H and E images of normal articular cartilage at the distal end of femur, showing orientation of chondrocytes in
tangential layers (a) Compared with 5 months post surgically ACLT induced osteoarthritis in (b) Numbers of
chondrocytes formation in (c and d) pDSCs-treated joint
factors such as SDF-1, HGF and VGEF from dental pulp stem
cells might be the keys that involved as chemotactic and
homing of stem cells to the damaged tissue/cells16.
Paracrine effects are a possible mechanism that enhances
neovascularization, reduces inflammation and is involved in
the cartilage remodeling. Many studies have identified the
paracrine and growth factors that may help to repair the
cartilage tissue such as TGF, VEGF, FGF, IGF and SDF17,18. These
growth factors would induce the chondrocytes proliferation.
Understanding the paracrine mechanism of pDSCs for
regenerative therapy requires further studies and a long term
following up is needed to support pDSCs therapeutic
action19-21. In this study, the effects of pDSCs for the limb
function improvement and pain relief were not investigated.
However, previously published data showed the potential
treatment of pDSCs for limb function and pain relief in
dogs with chronic osteoarthritis. Intra-articular injections of

model. The ACLT surgery was used to induce osteoarthritis of
the stifle joint and 1×106 of pDSCs were locally injected into
the joint space of rabbit. Compared with the control group,
pDSCs group noticeably restore the joint cartilage such
as, the number of chondrocytes, the alignment of
chondrocytes and the thickness of the radial layers. Although,
immunohistochemistry examination to quantitative scoring of
each collagen type to indicate the amount of collagen content
has not been investigated in this study, there is a positive
tendency towards increasing in number of collagen content
in H and E staining. For this study, the puppy deciduous teeth
stem cell movement and homing ability have not been
investigated. However, after pDSCs were injected, they will be
in the synovial space for about 48 h to release the chemotactic
agents and then absorbed into the systemic circulation. In
addition, previous report suggested that dental stem cells can
migrate to the damaged tissue, growth factors and paracrine
368
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Fig. 6(a-b): Radiographic images of rabbit stifle joint at 5 months post surgically ACLT induced osteoarthritis, showing arthritis
sign such as subchondral bone sclerosis (S: white arrow)
allogeneic pDSCs demonstrated statistically significant
improvement in lameness and functional ability in arthritis
dogs22. Results from this study seem to support that pDSCs
therapy provide a benefit for the treatment of osteoarthritis.

REFERENCES
1.

Garvincan, E.R., A.J. German and J.F. Innes, 2013. Biomarkers
in Clinical Medicine. In: Veterinary Surgery: Small Animal,
Tobias, K.M. and S.A. Johnston (Ed.). Vol. 2, Elsevier Saunders,

CONCLUSION

St. Louis, USA., ISBN: 9780323263375, pp: 29-39.
2.

In the present study, the use of pDSCs allows to undertake
successful to improve the cartilage of osteoarthritis in the
rabbit model. Multi-injections might be required to achieve
the therapeutic effects. However, a further study is required
for ascertaining of osteoarthritis treatment and for pain
reduction. This finding opens an alternative approach for the
treatment of osteoarthritis in animals.

Roger, V.L., A.S. Go, D.M. Lloyd-Jones, E.J. Benjamin and
J.D. Berry et al., 2012. Heart disease and stroke statistics-2012
update: A report from the American Heart Association.
Circulation, 125: e2-e220.

3.

Kang, S.W., L.P. Bada, C.S. Kang, J.S. Lee, C.H. Kim, J.H. Park and
B.S. Kim, 2008. Articular cartilage regeneration with
microfracture and hyaluronic

acid.

Biotechnol. Lett.,

30: 435-439.
4.

ACKNOWLEDGMENTS

Lamont, L.A., W.J. Tranquilli and K.A. Grimm, 2000. Physiology
of pain. Vet. Clin. North Am. Small Anim. Pract., 30: 703-728.

5.

The authors would like to thank Dr. Petcharin
Srivatanakul, BioMSC tooth cell bank, Thailand for supporting
the dental pulp stem cells and Mr. Theethawat Uea-anuwong,
Miss Apiporn Petpermsuk and Miss Panthira Songchom, Sixth
year Veterinary student, Faculty of Veterinary Medicine,
Kasetsart University for their help.

Maniwa, S., M. Ochi, T. Motomura, T. Nishikori, J. Chen and
H. Naora, 2001. Effects of hyaluronic acid and basic fibroblast
growth factor on motility of chondrocytes and synovial cells
in culture. Acta Orthop. Scand., 72: 299-303.

6.

Abu-Seida, A.M., 2015. Regenerative therapy for equine
osteoarthritis: A concise review. Asian J. Anim. Vet. Adv.,
10: 500-508.

369

Asian J. Anim. Vet. Adv., 11 (6): 363-370, 2016
7.
8.
9.
10.

11.

12.

13.

14.

15.

16. Di Scipio, F., A.E. Sprio, A. Folino, E.M. Carere and
P. Salamone et al., 2014. Injured cardiomyocytes promote
dental pulp mesenchymal stem cell homing. Biochimica
Biophysica Acta (BBA)-Gen. Subj., 1840: 2152-2161.
17. Im, G.I., N.H. Jung and S.K. Tae, 2006. Chondrogenic
differentiation of mesenchymal stem cells isolated from
patients in late adulthood: The optimal conditions of growth
factors. Tissue Eng., 12: 527-536.
18. Marie, M., M. Cristina, T. Karine, J.A. Peyrafitte and
R. Ferreira et al., 2013. Adipose mesenchymal stem cells
protect chondrocytes from degeneration associated with
osteoarthritis. Stem Cell Res., 11: 834-844.
19. Singh, A., S.C. Goel, K.K. Gupta, M. Kumar and G.R. Arun et al.,
2014. The role of stem cells in osteoarthritis: An experimental
study in rabbits. Bone Joint Res., 3: 32-37.
20. Spaggiari, G.M. and L. Moretta, 2013. Cellular and molecular
interactions of mesenchymal stem cells in innate immunity.
Immunol. Cell Biol., 91: 27-31.
21. Van Lent, P.L.E.M., A.B. Blom, P. Van Der Kraan,
A.E.M. Holthuysen and E. Vitters et al., 2004. Crucial role of
synovial lining macrophages in the promotion of
transforming growth factor $-mediated osteophyte
formation. Arthritis Rheumatol., 50: 103-111.
22. Bootcha, R., J. Temwichitr and
S. Petchdee, 2015.
Intra-articular injections with allogeneic dental pulp stem
cells for chronic osteoarthritis. Thai J. Vet. Med., 45: 131-139.

Brehm, M., T. Zeus and B.E. Strauer, 2002. Stem cells: Clinical
application and perspectives. Herz, 27: 611-620.
Gepstein, L., 2002. Derivation and potential applications of
human embryonic stem cells. Circ. Res., 91: 866-876.
Petersen, T. and L. Niklason, 2007. Cellular lifespan and
regenerative medicine. Biomaterials, 28: 3751-3756.
Ter Huurne, M., R. Schelbergen, R. Blattes, A. Blom and
W. de Munter et al., 2012. Antiinflammatory and
chondroprotective effects of intraarticular injection of
adipose-derived stem cells in experimental osteoarthritis.
Arthritis Rheum., 64: 3604-3613.
Caspi, O. and L. Gepstein, 2006. Regenerating the heart using
human embryonic stem cells: From cell to bedside. Israel
Med. Assoc. J., 8: 208-214.
Fuchs, S., R. Kornowski, G. Weisz, L.F.
Satler and
P.C. Smits et al., 2006. Safety and feasibility of
transendocardial autologous
bone
marrow cell
transplantation in patients with advanced heart disease.
Am. J. Cardiol., 97: 823-829.
Mansa, S., E. Palmer, C. Grondahl, L. Lonaas and G. Nyman,
2007. Long-term treatment with carprofen of 805 dogs with
osteoarthritis. Vet. Record., 160: 427-430.
Huang, G.T., S. Gronthos and S. Shi, 2009. Mesenchymal stem
cells derived from dental tissues vs. those from other sources:
Their biology and role in regenerative medicine. J. Dental
Res., 88: 792-806.
Da Silva Meirelles, L. and N.B. Nardi, 2003. Murine
marrow-derived mesenchymal stem cell: Isolation, in vitro
expansion and characterization.
Br.
J. Haematol.,
123: 702-711.

370

