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ABSTRACT

Osteoarthritis (OA) is a chronic inflammatory disease accompanied by joint pain, bone degradation, and
synovial inflammation. Tumor necrosis factor (TNF)-a and interleukin (IL)-1B play key roles in chronic
inflammation, and matrix metalloproteinase (MMP)3 is the first enzyme released by chondrocytes and synovial
cells that promotes MMPs’ degrading cartilage matrix (including collage Il and aggrecan) function. Using an
anterior cruciate ligament transection (ACLT) rat model, Lactobacillus plantarum GKD7 has shown anti-
inflammatory and analgesic properties. The present investigation examined the chondroprotective effects of
several dosages and formulas of GKD7 on rats in an ACLT-induced OA model. The findings indicate that oral
treatment with both live-GKD7 (GKD7-L) and dead-GKD7 (GKD7-D), along with celecoxib (positive control), all
reduce post-ACLT pain and inflammation in OA joints. Subsequently, the immunohistochemical staining results
demonstrate that following GKD7-L and GKD7-D treatment, there was a reversal of the degradation of collagen
Il and aggrecan, as well as a decrease in the expression of IL-1B and TNF-a on the synovial tissue and MMP3
on the cartilage. Accordingly, our findings imply that the treatment of both GKD7-L and GKD7-D has
chondroprotective and analgesic effects on the OA rat model, and that celecoxib and GKD7-L at dosages
(100 mg/kg) have comparable therapeutic benefits. As a result, we propose that both GKD7-L and GKD7-D are
helpful supplements for OA management.
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INTRODUCTION

Osteoarthritis (OA) is a degenerative total joint disease
that develops with age or following trauma, and OA
is a significant contributor to disability and the most
prevalent illness that impairs function [1, 2]. Due to
the combined effects of global population aging and
rising obesity rates, OA is on the rise and is currently
predicted to impact 303 million people globally [3, 4].
As the primary symptoms of OA, cartilage degradation
is associated with bone lesions, synovial inflammation,
and chronic pain [5, 6]. Normal, quiescent chondrocytes
become activated and undergo a phenotypic shift during
the development of OA. This leads to increased cartilage
calcification associated with tidemark advancement or
duplication, chondrocyte clusters forming, fibrillation and
degradation of cartilage matrix, and vascular penetration
from the subchondral bone [7]. The production of matrix
breakdown products by concurrent overexpression of
cartilage-degrading proteinases can further encourage
catabolic activation, abnormal, hypertrophy-like differen-
tiation, and death [8]. The collagen network cannot be
restored to its pre-damaged state once it has occurred [9].
Preventing damage or promoting repair to restore the
physiological and functional characteristics of the
original cartilage is therefore the therapeutic challenge.

Chondrocytes are the only cells present in cartilage,
which can be affected by pro-inflammatory cytokines,
such as interleukin (IL)-1p and tumor necrosis
factor (TNF)-a, which trigger the development of
aggrecanases, MMPs, and other catabolic proteins [10-
13]. When chemically and biomechanically damaging
stimuli accumulate, OA chondrocytes react by going
into a hypertrophic-like state that is marked by an
increase in the activity of degradative enzymes [14] to
break down a variety of cartilage extracellular matrix
components (such as collagen Il and aggrecan). And
MMP3 is one of the MMPs which can stimulate the pro-
forms of many other MMPs and aid in the activation of
aggrecanase Il in cartilage [15, 16]. Several studies have
demonstrated that MMP3 levels are elevated in a variety
of joint pathologies, including OA and acute injury
[17-20]. On the other hand, MMP3 seems to be a
significant and helpful therapeutic target in addition to
IL-1p and TNFa for the development of therapeutic
drugs for preventing OA cartilage deterioration.

Since probiotics are considered safe for consumption and
many benefit from bioactivity for human disease,
probiotics was the popular research and develop-
ment objects for OA treatment. Probiotic strains of
Lactobacillus plantarum is a well-studied probiotic
bacterium that have been shown to reduce inflammation
in human hosts, among their many other positive effects
[21]. Thus, Lactobacillus plantarum have been applied

to study on different human disease on clinical and pre-
clinical trials, such as inflammatory bowel disease,
abdominal pain, arthritis, and osteoporosis [22-24].
In our previous study we have already demonstrated
that oral GKD7-L improved the progress of OA with
reducing IL-1B and TNF-a production of OA [25]. In
present study, we further investigate the chondrocyte
protective effects of GKD7 with different dosages and
formulas, including live and dead type for in future
wide application on OA.

MATERIALS AND METHODS
Materials

IL-1B antibody (MABG601; final dilution of 1:200) was
bought from R&D Systems, Inc. (Minneapolis, MN,
USA). TNF-a (A11534; final dilution of 1:200) and
collagen 11 (A1560; final dilution of 1:200) antibody
were bought from ABclonal, Inc. (Woburn, MA, USA).
MMP3 antibody (SC-21732; final dilution of 1:100)
was bought from Santa Cruz Biotechnology (Dallas,
TX, USA). Aggrecan antibody (ab3778; final dilution
of 1:100) was bought from Santa Cruz Biotechnology
(Dallas, TX, USA). All additional substances that were
not previously listed were acquired from Sigma-Aldrich
(St. Louis, MO, USA).

Preparation of Lactobacillus plantarum GKD7

Live-Lactobacillus plantarum GKD7 (GKD7-L) isolated
from Taiwanese pickles was cultured in de Man-
Rogosa-Sharpe (MRS) medium for lactobacilli (Merck,
Darmstadt, Germany) at 37°C for 16 h. To prepare
GKD7-L freeze-dried powder, 0.03% of seed culture was
scaled-up in a 15-ton bioreactor with a 12-ton working
volume in a culture medium containing 5% glucose,
2% yeast extract, 0.05% MgSOs, 0.1% KoHPO4, and
0.1% Tween 80. After 16 h of incubation at 37°C, pellets
of fermented bacteria were harvested by centrifugation,
washed twice with reverse osmosis (RO) water then
lyophilized with skim milk. The freeze-dried L.
plantarum GKD7 powder contained approximately 5 x
10% CFU/g live bacteria, according to the plate count
method. To obtain the dead-L. plantarum GKD7 freeze-
dried powder (GKD7-D), the GKD7-L pellets were
heated under 121°C for 15 min then lyophilized. The
resulting GKD7 powder, intended for use in the
subsequent study, was administered at dosages of 100
mg/kg for both GKD7-L and GKD7-D, and 25 mg/kg for
GKD7-L.

OA rat model

Eight-week-old Sprague Dawley (SD) rats (300-350 g)
were supplied by LASCo Inc. (Taipei, Taiwan) and
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maintained in an animal center under the Institutional
Animal Care and Use Committee (IACUC) Guidelines
issued by China Medical University (approval number:
CMUIACUC-2023-283). Anterior cruciate ligament
transection (ACLT) or sham surgery followed the
procedures described in previous studies [26—28]. And
rats were randomly divided into six groups: (1) sham
operation without treatment (Control); (2) ACLT
without treatment (OA); (3) OA treated with GKD7-L
(25 mg/kg), GKD7-L (100 mg/kg), GKD7-D (100
mg/kg), and OA treated with celecoxib (50 mg/kg).
GKD7 and celecoxib were administered orally five
days per week. GKD7 and celecoxib, specifically, were
taken orally five days a week. In all four research
groups, the rats received 1 milliliter (ml) of reverse
osmosis (RO.) water as a supplement beginning two
days following surgery. In the ACLT-treated groups
GKD7-L (at levels of 25 and 100 mg/kg) and GKD7-D
were added to the RO. water for oral administration
for six weeks. Furthermore, during the same six-week
period, celecoxib (at a dose of 50 mg/kg) was dissolved
in the RO. water and administered orally, except for
the ACLT group that did not receive treatment. After
6 weeks, the rats were sacrificed.

Weight-bearing testing

Postural deficiencies and spontaneous discomfort were
assessed every week using the static weight-bearing
Incapacitance Test (Bioseb, Paris, France). The rats were
kept in an inclined plastic box with their hind paws
placed on different sensors to measure the dynamic
weight bearing between the limbs for a 10-second
period. The grams were used to express the results. Our
previously developed procedures [25, 27] were used. The
following formula was used to determine the force value:
(Force = weight on left limb — weight on right limb).

Micro-CT analysis

Following CO- sacrifice, the rats’ right knee joints were
removed and preserved with 4% paraformaldehyde
for micro-CT imaging and analysis [29, 30]. Using
the settings chosen in previous studies, samples were
photographed using a high-resolution micro-CT scanner
(Skyscan 2211; Bruker, Kontich, Belgium) [27, 31],
and InstaRecon® software (Version v.1.3.9.2, Bruker
micro-CT, Kontich, Belgium) was used for image
reconstruction. After reorienting the reconstruction cross-
sections and manually selecting 59 slices (0.5 mm),
areas of interest (ROI) were created in accordance
with our previous studies [27, 31]. The CTAn software
was utilized to analyze several bone microarchitectural
parameters, such as bone mineral density (BMD),
bone mineral content (BMC), bone mineral thickness
(Tb.Th), bone mineral separation (Th.Sp), and bone

mineral number (Th.N) (Version 1.18.4, Bruker micro-
CT, Kontich, Belgium) following our previous studies
[27, 31].

Histopathological analysis

The specimens undergo a 14-day decalcification
process using 10% EDTA in PBS, a progressive
ethanol concentration dehydration, and paraffin
embedding for histological examination. Section slides
were subsequently produced along the sagittal plane
using Hematoxylin and Eosin (H&E) or Safranin-
O/Fast-green, in accordance with previously published
techniques [25, 27, 32]. According to our previous
research, we looked at the Osteoarthritis Research
Society International (OARSI) score, cartilage score,
and synovium inflammation [25, 27]. The medial tibial
plateau (the weight-bearing area) was the subject of an
evaluation using the OARSI histopathology grading
system. The system defined the grade of damage as the
depth of osteoarthritis progression into the cartilage,
ranging from 0 to 6, and the stage of damage as the
horizontal extent of cartilage damage, ranging from 0
to 4. As in earlier research, the final score (grade x
stage) ranges from O (normal cartilage) to 24 points
(highest advanced grade and most extensive stage). As
previously reported in our research [25, 27], cartilage
deterioration was classified from “none” to “severe”
(numerical values 0 to 5). Similarly, surgery-induced
inflammation of the synovial membrane was graded
from 0 to 4 [25, 27].

Immunohistochemistry (IHC) staining

IHC staining data were quantified using methods
documented in our previous method [12, 33, 34].
Briefly, the tissues were treated with primary antibodies.
Secondary antibody binding and DAB staining were
conducted using a Leica Novolink Polymer Detection
system (Leica Biosystems Inc., Deer Park, IL, USA) [35,
36]. The final staining scores were analyzed by summing
the intensity and percentage scores [25, 27]. Briefly,
we used a microscope to gather photographs, and then
we scored each image’s intensity as follows: 1 denotes
low intensity, 2 denotes moderate intensity, and 3
denotes high intensity staining. We also determined the
proportion of positive cells: positive cells range from
0% in case of 0 to <10% in case of 1, 10-29% in case of
2, 30-59% in case of 3, and 60-100% in case of 4.
Intensity and percentage were combined to get a final
score that ranged from 0 to 7 [25, 27].

Statistical analysis

All information is presented as the mean + SD, and
GraphPad Prism 8 (Dotmatics, Boston, MA, USA)
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software was used for analysis. The unpaired two-tailed
Student’s t-test, one-way analysis of variance, and
Student-Newman-Keuls post hoc testing were used to
assess the significant difference between the three
groups. When a p-value was less than 0.05, it was
deemed statistically significant.

RESULTS

Oral administration GKD7-L and GKD7-D improve
joint pain without affecting body weight

ACLT-induced rat model is a popular approach for
assessing anti-osteoarthritic activity in medicine or

A

Sample
collection

5 5
U/ |
| v €O,
ACLT

surgry ’ Sacrifice

Oral administration
X bg

l Oral TmL RO water or GKD7 or celecoxib in RO water l

0 1 2 3 4 5 6

1. Body weighting

2. Weight bearing

health food development [37]. In present study, we
evaluate the chondroprotective activity of GKD7 on this
rat model with oral administration GKD7-L, GKD7-D
and celecoxib (Figure 1A). Throughout the trial, the
body weights of each group climbed gradually, and no
discernible changes were seen between them (Figure
1B), indicating that there were no negative side effects
associated with GKD7-L and GKD7-D. Additionally,
the weight-bearing test demonstrates that the ACLT
rats’ weight-bearing posture showed a discernible
asymmetry that worsened throughout the course of
the trial’s first week (Figure 2). Furthermore, using
different dosages and formulas of GKD7 improve
with joint pain in the weight-bearing incapacitance test
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Figure 1. Oral administration of GKD7-L and GKD7-D without affecting body weight in the OA rat model. (A) The experimental
design. (B) The GKD7-L or GKD7-D oral delivery did not significantly alter the body weights of OA rats as compared to controls.
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Figure 2. Oral administration of GKD7-L and GKD7-D improved weight-bearing deficits after ACLT surgery. Compared to
OA-only rats, oral administration of GKD7-L and GKD7-D contributed to a considerable reduction in weight-bearing asymmetry following
ACLT surgery. “p < 0.05 versus controls; #p < 0.05 versus the OA group.
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(Figure 2). This finding implies that both GKD7-L and
GKD7-D can lessen OA-related joint pain, and that
celecoxib’s anti-analgesic effects are comparable when
taken in dosage (100 mg/kg) of GKD7-L.

GKD7-L and GKD7-D both improve ACLT-induced
bone erosion

In clinical and pre-clinical trial, the micro-CT evaluation
is a powerful tool for diagnosing OA [38, 39]. As a
result, we collected a rat knee sample for micro-CT
imaging and analysis. The micro-CT images of the OA
group clearly display bone loss (Figure 3A). Following
ACLT-induced bone resorption, oral treatment of
GKD7-L (25 and 100 mg/kg), GKD7-D (100 mg/kg),
and celecoxib all show a reduction in obvious bone
erosion with a significant difference on parameter
analysis of micro-CT images (Figure 3B-3H). As a
result, GKD7-L and GKD7-D administration at various
doses and formulations stops bone degradation on
ACLT-induced OA.

Both GKD7-L and GKD7-D
histopathological characteristic of OA

improve the

For more further investigation of the anti-osteoarthritic
activity of GKD?7, histopathological assessments
were used for this study. The cartilage damage and
synovial inflammation are the main histopathological

characteristic of OA [40]. Furthermore, the cartilage
degradation and synovial inflammatory response on the
ACLT-induced animals are depicted in our histological
images (Figure 4A). Additionally, there is a substantial
difference between the OARSI score, cartilage score,
and inflammatory score when compared to the control
group. Administration of GKD7-L (25 and 100 mg/kg),
GKD7-D (100 mg/kg), and celecoxib treatment all
reversed the ACLT-induced the increasing of OARSI
score, cartilage score, and inflammatory score (Figure
4B-4D). Therefore, the histological characteristics of
OA can be improved by oral administration of GKD7-L
and GKD7-D at different dosages and formulas.

GKD7 improve joint matrix degradation via
inhibiting MMP3, IL-1 and TNF-a

The previous studies demonstrated the IL-1p and
TNF-o have important roles for mediating the synovial
inflammation as well as the important role of MMP3
promoting other MMPs function to degrade the matrix
of cartilage of OA [10-12, 15, 16]. Thus, we collected
the knee tissue for detecting the expression of IL-1
and TNF-a on synovial tissue and MMP3 on cartilage
by using immunohistochemical staining (Figure 5A).
Our result shows that the increasing level of IL-1p and
TNF-a was significantly reduced by oral administration
of GKD7-L (25 or 100 mg/kg), GKD7-D (100 mg/kg)
and celecoxib after ACLT surgery (Figure 5B, 5C).
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Figure 3. Therapeutic effects of GKD7 treatment evaluated by micro-CT. (A) Rat knee coronal and transverse micro-CT investigates
from the control, OA, OA +GKD7-L (25 mg/kg), OA +GKD7-L (100 mg/kg), and OA +GKD7-D (100 mg/kg) groups. (B—H) Quantitative
evaluations of bone surface/total volume (BS/TV), bone volume/total volume (BV/TV), bone mineral density (BMD), bone mineral content
(BMC), bone volume/total volume (BV/TV), trabecular thickness (Tbh.Th), trabecular number (Th.N), and trabecular separation (Th.Sp). The
red arrows indicate bone erosion. *p < 0.05 in comparison to the controls; #p < 0.05 in comparison to the OA group.
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Additionally, our IHC data show that the joint’s cartilage
has a reduction of IL-1f and TNF-a levels in GKD7
treatment groups (Supplementary Figures 1 and 2). The
increasing level of MMP3 also significantly reduced by
oral administration of GKD7-L (25 or 100 mg/kg),
GKD7-D (100 mg/kg) and celecoxib (Figure 6A).
And matrix markers, collage 1l and aggrecan which
were decreasing by ACLT surgery also reversed by oral
administration of GKD7-L (25 or 100 mg/kg), GKD7-D
(100 mg/kg) and celecoxib (Figure 6B—6D). On the
other hand, administration of GKD7 with different
dosages and formulas decreased the collage Il and
aggrecan degradation through inhibiting the expression
of MMP3, IL-1f and TNF-a on joint tissue. Additionally,
our IHC data show that the joint’s synovial tissue has

A Control OA

e

y A Ty o2
L8 o0

less MMP3 expression in GKD7 treatment groups
(Supplementary Figure 3).

DISCUSSION

OA is a chronic inflammatory disease which affects the
pain behavior, synovial inflammation, and cartilage
degradation [1, 2, 11, 12, 41, 42]. The proinflammatory
cytokines, such as IL-1B and TNF-a, have important
roles for mediating the progression of OA which
cause joint pain, promote inflammatory response,
and disturb chondrocyte metabolism of OA [11, 12,
41, 43]. Moreover, the clinical data which were
reported in previous literatures indicated that there are
significant higher levels of IL-1p and TNF-a which were
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Figure 4. Therapeutic effects of GKD7 treatment evaluated by histopathology. (A) H&E and Safranin-O/Fast Green staining
coronal images of articular cartilage from representative knee joints in each group (magnification 4x). Quantitative analyses of (B)
Osteoarthritis Research Society International (OARSI) scores, (C) cartilage scores, and (D) synovium scores. The black arrows indicate the
cartilage destruction. The red arrows indicate the synovial inflammation. Scale bar = 500 um. *p < 0.05 versus controls; #p < 0.05 versus the

OA group.

www.aging-us.com

AGING



expressed on synovial tissue and serum of OA patients
[12, 27, 44]. In pre-clinical trial, IL-1p and TNF-q are
also important targets to discover the useful therapeutic
strategy for OA [12, 45, 46]. In present study, our data
show that oral administration of GKD7-L (25 or 100
mg/kg), and GKD7-D (100 mg/kg) both effectively
reduced IL-1B and TNF-a expression with reducing

A IL-18 TNF-a

GKD7-D GKD7-L GKD7-L
(100 mg/kg) (100 mg/kg) (25 mg/kg) OA Control

Celecoxib

synovial inflammation. Although our previous study
already demonstrated that administration of GKD7-L
can slow down the progression of OA, in this study,
GKD7-D also show the same effectivity with reducing
synovial inflammation via IL-1f and TNF-a inhibition.
Thus, GKD7 can apply to different applications for
different dosage forms for OA treatment.
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Figure 5. Administration of GKD7-L and GKD7-D reduced levels of TNF-a and IL-13 expression on synovial tissue. (A) IHC
staining of TNF-a and IL-1B expression in a representative synovial tissue sample from the control, OA, OA+GKD7-L (25 mg/kg), OA+GKD7-L
(100 mg/kg), and OA+GKD7-D (100 mg/kg) groups. Quantitative evaluations of cartilage’s TNF-a and IL-1B (B, C). Values are presented as
the mean + SD for each group. Scale bar = 100 um. *p < 0.05 versus controls; #p < 0.05 versus the OA group.
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Chondroprotective effects are the main issue of the OA
management. The matrix degradation of the cartilage
is the major characteristic of OA, and MMP3 play
the initiates which will be secreted by synovial cell
and chondrocytes to promote MMPs degrading matrix
of cartilage, such as collage Il and aggrecan [47—
49], synovial membrane hyperplasia, and promote
osteoclast mature. Moreover, MMP3 also facilitate
inflammatory cell accumulation, vascular invasion on
bone and synovium and inhibit mesenchymal stem
cell differentiation of OA [47]. Prior research has
demonstrated that MMP3 is a member of the MMPs
family, which is able to break down different cartilage
matrix constituents. Furthermore, MMP3 has been

GKD7-L
(25 mgl/kg

A
OA

)

(100 mg/kg)

identified as an important OA marker. According to
mechanistic studies, MMP3 starts MMP-mediated
degradation events in OA and acts as an activator
for several other pro-MMPs. As a result, our main
objective was to evaluate MMP3 expression in joint
tissue [47]. The previous study also demonstrated
that MMP3 inhibitor improves the progression of OA
with reducing collage Il degradation [50]. Moreover,
the previous study also reported that MMP have
been considered as important mark and function in
synovial inflammation, which can degrade extracellular
matrix with remodeling processes of arthritic disease
[50]. Thus, MMP3 also have been considered as the
important target in discovery for OA therapeutic strategy.
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Figure 6. Administration of GKD7-L and GKD7-D reduced levels of MMP3 and matrix degradation on cartilage. (A) IHC
staining of MMP3, aggrecan, and collagen Il expression in a representative cartilage sample from the control, OA, OA+GKD7-L (25 mg/kg),
OA+GKD7-L (100 mg/kg), and OA+GKD7-D (100 mg/kg) groups. Quantitative evaluations of cartilage’s MMP3, aggrecan, and collagen Il
(B-D). Values are presented as the mean + SD for each group. Scale bar = 100 um. "p < 0.05 versus controls; #p < 0.05 versus the OA group.
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In the present study, we also observe the high expression
of MMP3 on ACLT-induced rat, and oral administration
of GKD7-L and GKD7-D both significantly decrease
the MMP3 expression with reversing the collage 1l
and aggrecan degradation. Thus, GKD7 show the
chondroprotective effects through inhibiting MMP3
activity with preventing collage 11 and aggrecan
degradation in OA.

Numerous probiotic strains which were used as
supplementations or health foods have shown
therapeutic benefits of human illnesses, such as
respiratory, gastrointestinal, and arthritis [51]. For
treatment of OA, both preclinical and clinical studies
strongly suggest that probiotics may benefit patients
with OA pain through positive gut microbiota
modulation and attenuating low-grade inflammation
via multiple pathways [52]. And preclinical trial
also suggests that probiotics inhibit cartilage damage
and progression of OA model [53]. For example,
administration of a mixture of probiotic strains
Lacticaseibacillus paracasei 8700:2, Lactiplantibacillus
plantarum HEAL9 and L. plantarum HEAL19
significantly inhibited cartilage damage at the medial
femoral condyle on destabilization of medical meniscus
mice model, and daily administration of Streptococcus
thermophilus also improve the OA pain and cartilage
damage on ACLT-induced rats model. And our
previous research demonstrated that administration of
GKD7-L suppresses ACLT-induced OA symptoms
[25]. Live-type probiotics have been demonstrated in
earlier research to improve gut microbiota, hence
providing health advantages. Furthermore, live-type
probiotics can constantly release advantageous
compounds like postbiotics, which help to improve
medical problems. Notably, earlier studies have shown
that L. plantarum generates a large amount of poly-
saccharides, which have been shown to have anti-
inflammatory effects on inflammation generated by
LPS. These benefits of the live-type formula may
allow the live-type GKD7 to have more effective OA
treatment outcomes [25].

Previous studies have highlighted that IL-1p and TNF-
o are major proinflammatory cytokines involved in OA.
And these cytokines disturb chondrocyte metabolism
by suppressing the synthesis of extracellular matrix
proteins and stimulating the release of catabolic
proteases. And MMP3 also have been reported as
the as an activator for several other pro-MMPs and
initiates MMP-mediated degradation reactions in OA.
Thus, we propose that GKD7 can down-regulate MMP3
expression via reducing TNF-a, IL-1B expression on
OA joint [47, 48]. For further investigation of the
therapeutic effects of GKD7, our different dosage and
dosage forms of GKD7 were all shown to significantly

improve the OA pain and histopathological
characteristic with inhibiting MMP3, IL-1pB, and TNF-
o expression to reverse collage Il and aggrecan
degradation in OA. These results suggest that GKD7-L
and GKD7-D both as supplements can be used to
improve OA progression and based on the same
dosage (100 mg/kg) treatment, GKD7-L show more
effective improving function. Higher dosage of GKD7
also show the similar therapeutic effects as the positive
control celecoxib. Therefore, we suggest that GKD?7 is
a useful supplementation to serve as an alternative to
celecoxib to avoid adverse effects.

In conclusion, our results show the oral administration of
GKD?7 with different dosage and dosage forms reducing
the OA pain and OA joint destruction with improving
weight-bearing posture and OA histopathological
characteristics. And IHC staining result suggests that
IL-1B and TNF-a expression on synovial tissue were
reducing as well as the MMP3 expression reducing
on cartilage, with prevention of the degradation of
collage Il and aggrecan by administration of GKD7-L
and GKD7-D. Thus, we suggest that both GKD7-L
and GKD7-D can be useful supplementation to OA
improvement.
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SUPPLEMENTARY MATERIALS

Supplementary Figures

Control ACLT GKD7-L (25 mg/kg)

GKD7-L (100 mg/kg)

———

Supplementary Figure 1. GKD7-L and GKD7-D reduce ACLT-induced IL-1B production in cartilage. Histological sections of joints
were IHC stained with IL-1P. Scale bar = 100 um.
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Supplementary Figure 2. GKD7-L and GKD7-D reduce ACLT-induced TNF-a production in cartilage. Histological sections of
joints were IHC stained with TNF-a.
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Supplementary Figure 3. GKD7-L and GKD7-D reduce ACLT-induced MMP3 production in synovial tissue. Histological sections
of joints were IHC stained with MMP3. Scale bar = 100 pm.
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