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Osteoarthritis is a disease that affects the articular cartilage and osseous tissue, and can be
worsened by aging, overweight status, and post-traumatic arthritis. The present study aimed
to evaluate the effect of ID-CBT5101 (tyndallized Clostridium butyricum) on bone metabolism
and the inflammatory response in a monosodium iodoacetate-induced rat model of
osteoarthritis. ID-CBT5101 was administered orally at doses of 10 8 or 1010 CFU/day for 2
weeks before direct injection of monosodium iodoacetate (3 mg/50 μl of 0.9% saline) into the
intra-articular space of the rats’ right knees. The rats subsequently received the same doses of
oral ID-CBT5101 for another 4 weeks. We evaluated the treatment effects based on serum
biomarkers, mRNA expression, morphological and histopathological analyses of the knee
joints, and weight-bearing distribution analysis. Compared with those in control rats, the IDCBT5101 treatments significantly reduced the serum concentration of inflammation and bone
metabolism markers (i.e., COX-2, IL-6, LTB4, and COMP), and significantly increased the
concentration of IFN-γ and glycosaminoglycans. In addition, the ID-CBT5101 treatments
inhibited the mRNA expression of matrix metalloproteinases and tissue inhibitors of
metalloproteinases (i.e., MMP-2, MMP-3, MMP-9, MMP-13, TIMP-1, and TIMP-2). Furthermore,
the ID-CBT5101 treatments effectively preserved the knee cartilage and synovial membrane,
and significantly decreased the amount of fibrous tissue. Moreover, compared with that of the
negative control group, the ID-CBT5101 treatments increased the weight-bearing distribution
by ≥20%. The results indicate that ID-CBT5101 prevented and alleviated osteoarthritis
symptoms. Thus, ID-CBT5101 may be a novel therapeutic option for the management of
osteoarthritis.
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Introduction
Osteoarthritis (OA) is an inflammatory disease that
mainly affects the joint cartilage and nearby bone tissue [1].
OA can be worsened by genetic factors, aging, overweight
status, and post-traumatic arthritis [2, 3]. In cases of OA,
hypofunction of the cartilage and joint leads to a limited
range of joint motion, swelling, and pain [4], which are
generally treated using pharmaceutical drugs (e.g., anti-

inflammatory agents, cartilage protectants, and nonsteroidal
anti-inflammatory drugs) or replacement arthroplasty.
However, long-term drug treatment is associated with
adverse effects on the gastrointestinal and/or cardiovascular
systems [5]. To mimic the symptoms of OA and develop
new treatments, researchers have created a monosodium
iodoacetate (MIA)-induced rat model of human OA. The
MIA experimental model involves destruction of the
articular cartilage by inducing continuous infiltration of
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synoviocytes and inflammatory cells and is a commonly
used animal model for evaluating pain associated with OA
[6–8]. Thus, the MIA model has been widely used for the
pharmacological evaluation of new drug therapies [9].
Probiotics are microorganisms that provide beneficial
effects by improving the host’s intestinal microflora [10, 11].
Clostridium butyricum is a probiotic butyric acid-producing
bacterium that helps resolve diarrhea, constipation,
abdominal bloating, and intestinal fermentation [12]. A
previous study has also indicated that butyric acid (butyrate)
produced by C. butyricum can help alleviate arthritis
symptoms through intestinal immune regulation [13].
C. butyricum IDCC 5101 (ID-CBT5101; Ildong Pharmaceuticals)
has been subjected to tyndallization, which is the firstknown method for sterilizing spore-forming bacteria by
repeated boiling and incubation in enriched media. The
present study aimed to evaluate the ability of ID-CBT5101
to prevent and alleviate OA symptoms in the MIA-induced
rat model based on mRNA expression, morphological and
histological analyses, weight-bearing analysis, and factors
that are associated with inflammation and bone mineral
metabolism.

Materials and Methods
ID-CBT5101
C. butyricum IDCC 5101 strain ID-CBT5101 was provided by the
Ildong Pharmaceutical Research and Development Center (Ildong
Pharmaceutical Co., Korea). The strain was cultured at 43°C for
16 h and the organisms were killed by heating at 121°C for 1 h.
The cultured media were then concentrated 5-fold using a rotary
vacuum evaporator (N-1100; EYELA, Japan), and the concentrates
were lyophilized. The present study used the lyophilized IDCBT5101 powder, which was diluted using corn starch powder.
Animals
Sixty male Sprague-Dawley rats (170–200 g) were obtained from
RaonBio Inc. (Korea). The rats were acclimated for 10 days and
housed under controlled conditions at a temperature of 22 ± 2°C,
humidity of 55 ± 15%, a 12 h light/12 h dark cycle, and fresh-air
ventilation (10–15 times/h). The rats were housed in solid-bottom
cages with free access to food and water. All experimental
procedures complied with the National Institute of Health Guide
for the Care and Use of Laboratory Animals and the Korean
National Animal Welfare Law. The experimental animal facility
and study protocols were approved by the Institutional Animal
Care and Use Committee of Daejeon University (DJUARB2016027). Written consent was obtained from the human participant
who provided the samples. No human studies were conducted
and hence ethical approval for the human sample was not
applicable.
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Experimental Protocol
ID-CBT5101 was administered orally for 2 weeks before the
MIA solution (3 mg/50 μl of 0.9% saline) was injected directly into
the intra-articular space of the rats’ right knees. This step was
performed under anesthesia that was induced using an
intraperitoneal injection of ketamine and xylazine [14]. The MIA
solution was injected using a 31-gauge ultra-fine insulin syringe
(Becton Dickinson, USA) that was inserted approximately 2–3 mm
deep. After the injection of MIA, the rats with MIA-induced
osteoarthritis received the same doses of ID-CBT5101 for 4 weeks.
Before starting the experiment, the rats were randomized to a
normal control group (NC group, n = 10), a positive control group
(indomethacin (IM)-treated group, n = 10), an OA control group
(OAC group, n = 10), or ID-CBT5101 treatment groups that
received 108 CFU/day (n = 10) or 1010 CFU/day (n = 10). The NC
group received an equivalent volume of saline instead of MIA.
The treatment groups received daily oral doses of ID-CBT5101 for
a total of 6 weeks. The positive control group received oral IM at a
dose of 2 mg/kg/day from 1 week after the MIA injection until
the end of the experiment. The OAC group received oral distilled
water. The administration volumes were 2 ml/animal for all
experimental groups.
Measuring Serum Cytokines and Bone Metabolism Markers
Serum levels of cyclooxygenase (COX)-2, interleukin (IL)-6,
leukotriene B4 (LTB4), interferon-gamma (IFN-γ), glycosaminoglycans
(GAGs), and cartilage oligomeric matrix protein (COMP) were
measured using commercial MILLIPLEX Multiplex Assay kits and
enzyme-linked immunosorbent assay (ELISA) kits (IL-6 and IFN-γ,
Merck Millipore, USA; LTB4 and TGF-β, R&D Systems, USA;
COX-2, COMP, and GAGs, Mybiosource, USA). All assays and
procedures were performed according to the manufacturers’
protocols.
Quantitative Real-Time Polymerase Chain Reaction Analysis
The samples for RNA extraction were obtained from the cartilage
tissue of rats by cryogenic grinding, and total RNA was extracted
using the Total RNA purification kit (Intron, Korea) according to
the manufacturer’s instructions. We transcribed 1 μg of total RNA
in a volume of 20 μl using oligo(dT) primers, with the enzyme and
buffer supplied in the Prime Script II 1st strand cDNA Synthesis
kit (Takara, Japan). Quantitative real-time polymerase chain
reactions (PCR) were performed using the MX3005P device
(Stratagene, USA) and the primers that are shown in Table 1.
SYBR Premix Ex Taq II (Takara, Japan) was used for the real-time
PCR. The final volume of the reaction mixture was 25 μl,
including 2 μl of cDNA template, 12.5 μl of Master Mix, 1 μl of
each primer (10 μM stock solution), and 8.5 μl of sterile distilled
water. The thermal cycling profile consisted of a pre-incubation
step at 95°C for 10 min, followed by 40 cycles at 95°C (15 sec) and
60°C (60 sec).
Relative quantitative evaluation of matrix metalloproteinases
(MMP-2, MMP-3, MMP-9, and MMP-13) and tissue inhibitors of
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Table 1. Primer sequences used in the real-time polymerase
chain reaction.
Gene
name
GAPDH

Primer sequences
5’-GCTTAAGAGACAGCCGCATCT-3’ (sense)
5’-CGACCTTCACCATTTTGTCTACA-3’ (antisense)

MMP-2

5’-TCCCGAGATCTGCAAGCAAG-3’ (sense)

MMP-3

5’-TGATGGGCCTGGAATGGTC-3’ (sense)

MMP-9

5’-AGCCGGGAACGTATCTGGA-3’ (sense)

MMP-13

5’-CCCTGGAATTGGCGACAAAG-3’ (sense)

TIMP-1

5’-CATCTCTGGCCTCTGGCATC-3’ (sense)

5’-AGAATGTGGCCACCAGCAAG-3’ (antisense)
5’-TTCATGAGCAGCAACCAGGAATAG-3’ (antisense)
5’-TGGAAACTCACACGCCAGAAG-3’ (antisense)
5’-GCATGACTCTCACAATGCGATTAC-3’ (antisense)
5’-CATAACGCTGGTATAAGGTGGTCTC-3’ (antisense)
TIMP-2

5’-GACACGCTTAGCATCACCCAGA-3’ (sense)
5’-CTGTGACCCAGTCCATCCAGAG-3’ (antisense)

GAPDH,

glyceraldehyde

3-phosphate

dehydrogenase;

MMPs,
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the medial tibia plateau on a scale of 0–5 (0 = no degeneration, 1 =
mild degeneration in the surface, 2 = slightly extended degeneration
in the upper center, 3 = moderate degeneration in the median area,
4 = extended deep degeneration, and 5 = severe degeneration).
Morphological Analysis of Knee Cartilage
The microarchitecture of the knee joints at 0.6–2.1 mm from the
growth plate of the distal femur was scanned using a microcomputed tomography (micro-CT) system (Sky-Scan 1076;
SkyScan, Belgium). The X-ray source was set at a voltage of 50 kV
and a current of 200 μA, and the beam was filtered using a 0.5-mm
aluminum filter. The scanning angular rotation was 180° with an
angular step of 0.5° [17]. The voxel size was fixed at 8.9 μm. The
morphometric indices of the bone region were determined using
CTAn software (SkyScan 1076; SkyScan, Belgium).
Data Analysis
All results are presented as the mean ± standard deviation. The
statistical analyses were performed using one-way analysis of
variance or Student's t-test, as appropriate.

matrix

metalloproteinases; TIMPs, tissue inhibitor of metalloproteinases.

metalloproteinases (TIMP-1 and TIMP-2) was performed by
comparing the cycle thresholds (CT) relative to the value for
glyceraldehyde-3-phosphate dehydrogenase. The CTs were
determined at the intersection between the amplification plot and
the threshold.
Measuring Hind Paw Weight-Bearing Distribution
The MIA model causes disruption of the balance in the rats’
hind paw weight-bearing capabilities. Thus, an incapacitance tester
(Linton Instrumentation, UK) was used to evaluate changes in the
hind paws’ weight-bearing capabilities. The rats were carefully
placed in a measuring chamber, and the weight-bearing force
exerted on the hind limbs was averaged over a 10-sec period. The
weight distribution ratio was calculated as (weight on the arthritic
right hind limb / weight on the normal left hind limb) × 100 [15].
Histological Analysis
Tissue specimens from the rats’ right knee joints were removed,
fixed in 10% formalin, calcified, embedded in paraffin, and
serially sectioned to a thickness of 7 μm. The tissue sections were
then stained using hematoxylin and eosin (H&E) or Safranin O.
Histological changes were examined using a light microscope
(Axioskop 40; Carl Zeiss AG, Germany) and photographed
(Axiocam MRc5; Carl Zeiss AG, Germany). The severity of OA
was evaluated in the medial compartment of the knee using the
Osteoarthritis Research Society International (OARSI) scoring
system after staining with H&E and Safranin O [16]. The cartilage
degeneration was scored using a scoring system that measured

Results
Effects of ID-CBT5101 on Serum Levels of Inflammatory
Factors
Inflammatory factors help maintain chronic inflammation
and tissue damage during the progression of OA [18].
Therefore, we investigated the effects of ID-CBT5101 on
serum levels of IL-6, COX-2, and LTB4 in the MIA-induced
rat OA model. Compared with the NC group, the OAC
group had an elevated serum level of IL-6 and LTB4.
Compared with the OAC group, the ID-CBT5101 treatment
and IM treatment groups exhibited significantly decreased
serum levels of IL-6 and LTB4 (p < 0.05) (Figs. 1A and 1B).
However, the serum concentration of COX-2 decreased
significantly only in the group that received 1010 CFU/day
of ID-CBT5101 (p < 0.05) (Fig. 1C). These results indicate
that ID-CBT5101 might have anti-inflammatory effects by
inhibiting inflammatory factors in the rat OA model.
Effects of ID-CBT5101 on Serum Levels of Bone Metabolism
Factors
Bone metabolism factors can help prevent cartilage
damage in cases of OA, and IFN-γ, GAGs, and COMP are
well-known biomarkers for bone/cartilage production or
damage [19-22]. Therefore, we investigated the effects of
ID-CBT5101 on the serum level of IFN-γ, GAGs, and COMP
in the MIA-induced OA model. There were no significant
differences in the serum level of IFN-γ, GAGs, and COMP
among the NC-, OAC-, and IM-treated groups. The group
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Fig. 1. Effects of ID-CBT5101 on the serum level of
inflammatory factors in a monosodium iodoacetate-induced
rat model of osteoarthritis.

Fig. 2. Effects of ID-CBT5101 on the serum level of bone
metabolism factors in a monosodium iodoacetate-induced rat
model of osteoarthritis.

Luminex and enzyme-linked immunosorbent assays were used to
measure the serum levels of interleukin-6 (IL-6) (A), leukotriene B4
(LTB4) (B), and prostaglandin-endoperoxide synthase 2 (COX-2) (C).

Luminex and enzyme-linked immunosorbent assays were used to
measure the serum levels of interferon gamma (IFN-γ) (A),
glycosaminoglycans (GAGs) (B), and cartilage oligomeric matrix
protein (COMP) (C). The measured levels were expressed as percent
of the control value (mean ± standard deviation, n = 10/group). *p <
0.05 indicates a significant difference from the osteoarthritis control
group (OAC).

The measured levels were expressed as percent of the control value
(mean ± standard deviation, n = 10/group). *p < 0.05 indicates a
significant difference from the osteoarthritis control group (OAC).

that received 1010 CFU/day of ID-CBT5101 exhibited
significant increases in the IFN-γ and GAGs levels (Figs. 2A
and 2B) and a significant decrease in the COMP level (p <
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0.05) (Fig. 2C). These results indicate that ID-CBT5101
might help protect the cartilage and bone by modulating
bone mineral metabolism.
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Fig. 3. Effects of ID-CBT5101 on the expression of matrix metalloproteinases and tissue inhibitor of metalloproteinases in the
cartilage tissue of a monosodium iodoacetate-induced rat model.
RNA was extracted from the cartilage tissue of rats with osteoarthritis, and the mRNA levels of matrix metalloproteinase-2 (MMP-2) (A),
metalloproteinase-3 (MMP-3) (B), metalloproteinase-9 (MMP-9) (C), metalloproteinase-13 (MMP-13) (D), tissue inhibitor of metalloproteinase-1
(TIMP-1) (E), and tissue inhibitor of metalloproteinase-2 (TIMP-2) (F) were determined by the real-time polymerase chain reaction.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served as a housekeeping gene. The mRNA expression values are expressed as the mean ±
standard deviation (n = 10/group). #p < 0.05 indicates a significant difference from the normal control group (NC), *p < 0.05 indicates a significant
difference from the osteoarthritis control group (OAC).

Effects of ID-CBT5101 on the Expression of MMPs and
TIMPs
Studies have demonstrated that excessive degradation of
type II collagen in arthritic joints is related to increased
cleavage by MMPs, which causes irreversible cartilage
damage [23]. The MMPs are inhibited by specific TIMPs,
and overexpression of MMPs results in an imbalance
between the activities of MMPs and TIMPs, which can
cause a variety of disorders [24–26]. Compared with the
NC group, the OAC group exhibited significantly higher
mRNA expression of MMP-2, MMP-3, MMP-9, MMP-13,
TIMP-1, and TIMP-2 in the articular cartilage (p < 0.05)
(Fig. 3). Compared with the OAC group, the ID-CBT5101
and IM treatment groups exhibited significant inhibition
(>60%) of the expression of these genes (p < 0.05)
(Figs. 3A-3F). These results confirm that ID-CBT5101
directly controls the expression of MMP, rather than via
TIMP stimulation, which suggests that ID-CBT5101 can
decrease MMP production and play a crucial role in tissue

remodeling, as well as in the destruction of cartilage and
bone in the arthritic joint.
Effects of ID-CBT5101 on Changes in the Hind Paw
Weight-Bearing Distribution
The weight-bearing distribution of the sensitized and
normal hind limbs was used as a surrogate marker for joint
pain [18]. We evaluated the hind paw weight-bearing capacity
using an incapacitance tester, and the hind paw weightdistribution ratio was used to assess OA progression [18, 27].
Compared with the NC group, the OAC group exhibited a
noticeably lower weigh-distribution ratio. Compared with
the OAC group, the group that received 1010 CFU/day of
ID-CBT5101 exhibited an increase of up to 20% in the
weight-distribution ratio (Fig. 4). These results indicate that
ID-CBT5101 might alleviate the clinical symptoms of OA.
Effects of ID-CBT5101 on the OA Histopathology
We performed H&E and Safranin O staining of the knee
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CT images. Compared with the NC group, the OAC group
exhibited greater deterioration of the distal femur bone
architecture and less cartilage volume (Fig. 6A). The IDCBT5101- and IM-treated groups exhibited a significantly
preserved femur bone architecture and significantly greater
cartilage volume (p < 0.05) (Fig. 6B).

Discussion

Fig. 4. Effects of ID-CBT5101 on the hind paw weight-bearing
distribution in a monosodium iodoacetate (MIA)-induced rat
model of osteoarthritis.
Starting on day 9 after MIA injection, the weight-bearing distribution
was measured every 4 days using an incapacitance tester. The values
are expressed as percent of the normal control (NC) value. (mean ±
standard deviation, n = 10/group. *p < 0.05 indicates a significant
difference from the osteoarthritis control group (OAC).

cartilage to determine whether ID-CBT5101 prevented
and/or alleviated the histopathology of OA in the knee
joint. The H&E staining results revealed well-preserved
cartilage (Fig. 5A, circles), chondroitin sulfuric acid (Fig. 5A,
rectangles), and proteoglycan around the cartilage (Fig. 5B,
arrows) in the NC group. However, the OAC group exhibited
damaged cartilage, increased infiltration of inflammatory
cells (Fig. 5A, triangle), and decreased chondroitin sulfuric
acid and proteoglycan volumes, with high OARSI scores
(Fig. 5C). In contrast, the ID-CBT5101- and IM-treated groups
exhibited well-preserved cartilage and proteoglycan volumes,
reduced infiltration of inflammatory cells, and increased
chondroitin sulfuric acid volume, with significantly lower
OARSI scores than those of the OAC group (p < 0.05)
(Figs. 5A-5C). These results indicate that ID-CBT5101 has
anti-inflammatory effects and can protect the knee joint
structure.
Effects of ID-CBT5101 on the Femur Morphology and
Articular Cartilage Volume
Decreased articular cartilage volume is the predominant
symptom of OA. To determine the effects of ID-CBT5101
on the microarchitecture of knee joints, we performed
morphological analysis of the distal femur and articular
cartilage using the micro-CT findings. Destruction of the
trabecular bone in the distal femur and decreased cartilage
volume were confirmed in the OA rats using the 3D micro-

J. Microbiol. Biotechnol.

To the best of our knowledge, the present study is the
first to provide in vivo evidence that the administration of
ID-CBT5101 can prevent and alleviate the progression of
OA in the MIA-induced rat model. These beneficial effects
are supported by the findings regarding inflammatory and
bone metabolism factors, weight-bearing distribution, and
histopathological and morphological characteristics.
The incidence of OA is increasing owing to prolonged
life expectancy, medical developments, and improved
standards of living [28]. Patients with OA experience
effacement of their articular cartilage that is accompanied
by osteoclasia, which are caused by various inflammatory
and bone metabolism factors [29]. However, long-term
small-molecule treatments (e.g., NSAIDs and COX-2
inhibitors) can cause severe gastrointestinal, renal, and
cardiovascular side effects [30, 31]. Thus, it is important to
identify materials or drugs that can prevent and alleviate
OA symptoms without adverse effects.
Various inflammatory factors play key roles in the
progressive cartilage destruction that is observed in OA cases
[32]. For example, COX-2 is involved in inflammation,
pain, and cytokine synthesis processes, whereas IL-6 and
LTB4 are well-known inflammatory factors that increase
bone loss in patients with OA [33–36]. These inflammatory
factors are related to the increased COMP levels in the
blood, as they activate various matrix metalloproteinases
that actively degrade the cartilage (e.g., by removing
GAGs) [19–21]. The production of IFN-γ is also induced
during OA, and this factor can modulate the activity of
MMPs [22]. In the present study, ID-CBT5101 reduced the
serum levels of inflammatory factors and COMP, and
likely protected against OA-related cartilage degradation
through the decreased MMP expression in the cartilage.
Interestingly, 1010 CFU/day of ID-CBT5101 resulted in a
greater increase in IFN-γ level, compared with that of the
IM-treated group. Moreover, the patients with OA may
experience pain during joint movements, which typically
leads to a diminished use of the joints and reduced joint
mobility [37]. Our results indicate that ID-CBT5101
significantly alleviated the weight-bearing distribution in

ID-CBT5101 Alleviates Symptoms of Osteoarthritis

1205

Fig. 5. Histopathological effects of ID-CBT5101 on the knee joints in a monosodium iodoacetate-induced rat model of
osteoarthritis.
Representative histological images of knee joint tissues stained using hematoxylin and eosin (A) or Safranin O (B) (magnification, 200×).
Osteoarthritis Research Society International (OARSI) scoring was performed by an independent observer (C). #p < 0.05 indicates a significant
difference from the normal control group (NC), *p < 0.05 indicates a significant difference from the osteoarthritis control group (OAC).

rats with MIA-induced OA, which suggests that IDCBT5101 might be useful for treating OA pain.
During the onset of OA, the collagen matrix of cartilage
becomes disorganized and the proteoglycan volume
decreases [38, 39]. Without the protective effects of the
proteoglycans, the collagen fibers become more susceptible
to degradation, and cartilage damage and loss occur easily,
which may also affect other joint structures [40–42]. For
example, the ligaments stabilizing the knee joint can
become thickened and fibrotic, and the menisci can be
damaged and worn away [43]. Furthermore, pain in an
osteoarthritic joint may be related to subchondral bone
lesions [44]. In the present study, ID-CBT5101 effectively
preserved the joint tissue and cartilage, as the ID-CBT5101
treatment groups exhibited minimal OA-related cartilage
and skeletal damage, as well as preserved proteoglycan
volume. In conclusion, our results indicate that, compared

with both negative and positive controls, the ID-CBT5101
treatments exhibited therapeutic effects that decreased the
cartilage destruction factors (i.e., inflammation and matrix
metalloproteinases). They also protected the cartilage and
bone by modulating bone mineral metabolism factors (i.e.,
IFN-γ and glycosaminoglycans). These results have been
proven through morphological and histopathological
analyses, and the weight-bearing distribution. Therefore,
ID-CBT5101 may be a novel therapeutic option to manage
OA, although clinical studies are needed to validate these
findings in human patients.
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Fig. 6. Effects of ID-CBT5101 on the femur bone architecture and cartilage volume in a monosodium iodoacetate-induced rat
model of osteoarthritis.
Representative morphological images of the knee joint tissues were obtained by three-dimension micro-computed tomography (A), and we also
measured the corresponding cartilage volume (B). The cartilage volume values are expressed as the mean ± standard deviation (n = 10/group). *p
< 0.05 indicates a significant difference from the osteoarthritis control group (OAC).
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