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Abstract
The present study aimed to investigate the therapeutic effects of Schisandra chinensis (SC) extract on clinical symptoms of 
osteoarthritis and the modulating effect on the mechanisms associated with the progression of osteoarthritis in a rat model 
of monosodium iodoacetate (MIA)-induced osteoarthritis. Osteoarthritis-induced rats were randomized into four groups: 
MIA injection control (MC), MIA injection with celecoxib (PC), MIA injection with SC extract 100 mg/kg (SC100), and 
MIA injection with SC extract 200 mg/kg (SC200). Another healthy group received a saline injection as a negative control 
(NC). During the treatment, weight-bearing measurements were performed once a week for 4 weeks. Histopathological and 
biochemical analyses of the joints, blood, and chondrocyte tissue were performed following the completion of treatment. 
Compared with MC rats, SC rats demonstrated significantly alleviated pain behavior, bone erosion, and cartilage degradation. 
SC reduced serum levels of matrix metalloproteinases and pro-inflammatory cytokines. SC treatment also reversed the 
levels of biomarkers such as Collagen II and ADAMTS4 in the cartilage tissue. Moreover, SC administration inhibited the 
phosphorylation levels of nuclear factor kappa B (NF-κB) and NF-κB Inhibitor alpha. This study demonstrates that SC 
ameliorated osteoarthritis at in vivo level. Our results suggest that SC might be a potential therapeutic agent for osteoarthritis.
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Introduction

Osteoarthritis is the major degenerative joint disease caused 
by the destruction of articular cartilage and inflammation 
of joint tissue (Alsalem et al. 2019; Steels et al. 2019). The 

associated risk factors include aging, obesity, and physical 
joint injury (Chen et al. 2017). Inflammation of the synovial 
membrane, thickening of the subchondral bone, osteophyte 
formation, and ligament degradation are the pathological 
features of osteoarthritis (Chen et al. 2017; Loeser et al. 
2012). With the progression of osteoarthritis, pain and 
swelling deteriorate, thereby ultimately reducing the quality 
of life (Van der Veken et al. 2017).

Inflammation is the most important cause of structural 
changes in chondrocytes, and elevated levels of inflammatory 
mediators such as tumor necrosis factor-alpha (TNFα), 
interleukin (IL)-1beta, IL-6, and nitric oxide (NO) have been 
reported in the serum and synovium chondrocytes during the 
progression of osteoarthritis (Fernandes et al. 2002; Gong 
et al. 2012; Musumeci et al. 2012). Cartilage degradation 
influences the production of multiple inflammatory factors 
such as prostaglandin E2 (PGE2), inducible nitric oxide 
synthase (iNOS), and cyclooxygenase-2 (COX2) (Robinson 
et al. 2016; Richards et al. 2016). Matrix metalloproteinases 
(MMPs), which are induced by inflammatory mediators 
participate in the matrix turnover as the major substrate 
proteinase (Monfort et al. 2008). The overproduction of 

Inflammopharmacology

 * Eun-Jung Park 
 ejpark@gachon.ac.kr

 * Hae-Jeung Lee 
 skysea@gachon.ac.kr; skysea1010@gmail.com

1 Department of Food and Nutrition, College of BioNano 
Technology, Gachon University, 1342 Seongnamdaero, 
Sujeong-gu, Seongnam-si, Gyeonggi-do 13120, 
Republic of Korea

2 Institute for Aging and Clinical Nutrition Research, 
Gachon University, Seongnam-si, Gyeonggi-do 13120, 
Republic of Korea

3 Department of Food Science and Biotechnology, College 
of BioNano Technology, Gachon University, Seongnam-si, 
Gyeonggi-do 13120, Republic of Korea

4 Department of Health Sciences and Technology, GAIHST, 
Gachon University, Incheon, Gyeonggi-do 21999, 
Republic of Korea

http://orcid.org/0000-0001-8360-1976
http://orcid.org/0000-0003-1652-2973
http://orcid.org/0000-0002-2778-1834
http://orcid.org/0000-0001-8353-3619
http://crossmark.crossref.org/dialog/?doi=10.1007/s10787-022-01060-5&domain=pdf


2262 Y.-S. Lee et al.

1 3

MMPs, PGE2, and COX2 results in cartilage collapse 
along with proteoglycan and collagen destruction (Sellam 
and Berenbaum 2010; Thalhamer et al. 2008; Rahmati et al. 
2016).

The aggrecanases are proteases that belong to a 
disintegrin and metalloproteinase with thrombospondin 
motifs (ADAMTS) family and play important roles in the 
progression of various diseases, including arthritis (Lin 
and Liu 2010). ADAMTS4 and ADAMTS5, which are 
major aggrecanases, are thought to be the critical mediators 
of cartilage degeneration during the development of 
osteoarthritis (Verma and Dalal 2011; Meng et al. 2020).

Schisandra chinensis (SC) belongs to the family 
Schisandraceae and grows in Asian countries such as 
Korea, China, Japan, and the far-east of Russia (Panossian 
and Wikman 2008; Chun et al. 2014). SC has been used in 
traditional medicine for the treatment of various ailments. 
The fruit part of SC exerts a wide range of pharmacological 
effects, including antioxidant (Kang et al. 2014a), anti-tumor 
(Lv et al. 2015), anti-inflammatory (Bae et al. 2012; Kang 
et al. 2014b), anti-vascular fibrotic (Jeong et al. 2015; Park 
et al. 2012), anti-atrophic (Kim et al. 2015), and anti-diabetic 
effects (Kwon et al. 2011).

To the best of our knowledge, there exists only a little 
research on the effects of SC on inflammatory response 
and cartilage degradation in monosodium iodoacetate 
(MIA)-induced osteoarthritis rats, even though several 
studies have reported the antioxidant and anti-inflammatory 
effects of the SC. This study aimed to investigate whether 
SC extract exhibits anti-arthritic and modulating effects 
on the mechanisms associated with the development of 
osteoarthritis in a rat model.

Materials and methods

Materials

The SC extract was provided by BIOPORTKOREA Inc. 
(Busan, Korea). SC extract was prepared using the standard 
production processes by the company. Briefly, dried fruit 
of SC was extracted in 20% ethyl alcohol for 4 h at 90 °C. 
After filtration, the extract was concentrated under reduced 
pressure. Freeze-drying was carried out to obtain the 
final product in powder form. The SC extract contained 
approximately 4.92 ± 0.06 mg/g of schizandrin as a specific 
ingredient by high-performance liquid chromatography 
analysis (Kim et al. 2018). The SC extract was protected 
from light and stored at 4 °C to protect it from degradation 
until use.

Animals and treatments

Male Sprague–Dawley (SD) rats were supplied by Orient 
Bio. Ltd. (Gyeonggi-do, Korea) and acclimated for 1 week 
under standard conditions (temperature; 20–25 °C, humidity; 
50–55%, and a 12 h light–dark cycle) with free access to 
food and water ad  libitum. After 7 days of acclimation, 
the animals were randomly divided into five groups (n = 7 
for each group): (1) NC, normal control (saline injection); 
(2) MC, MIA injection control; (3) PC, MIA injection 
with celecoxib 3 mg/kg as a positive control (TCI, Tokyo, 
Japan); (4) SC100, MIA injection with SC 100 mg/kg; and 
(5) SC200, MIA injection with SC 200 mg/kg. The MIA 
solution (2 mg/50ul of 0.9% saline) was injected directly into 
the intra-articular space of the right knee while the rats were 
under anesthesia with a 2% isoflurane  O2 mixture. Rats in 
the NC and MIA groups were orally given 0.9% saline. The 
experimental extracts dissolved in 0.9% saline were orally 
administered every day for 4 weeks. Once a week, the body 
weight was measured. All animals were cared for and used 
in accordance with the guidelines of Gachon University for 
the care and use of laboratory animals (approval number: 
GIACUC-R2021014). After 12 h of fasting, all mice were 
anesthetized with  CO2. Blood samples were collected by 
cardiac puncture and clotted in the serum-separating tube 
before centrifugation at 2000 × g for 20 min at 4 °C. Serum 
was aliquoted and stored at − 80 °C until use. Articular 
cartilages were immediately dissected from rats and stored 
at − 80 °C until analysis. The experimental design is shown 
in Fig. 1. To establish a dose–response relationship, three 
different doses were initially chosen in our preliminary 
study: (1) SC100, MIA injection with SC 100 mg/kg; (2) 
SC200, MIA injection with SC 200 mg/kg; and (3) SC400, 
MIA injection with SC 400 mg/kg (data not shown); and two 
concentrations (SC100 and SC200) were chosen based on 
clinical trial applicability.

Weight‑bearing measurement

After MIA injection, weight-bearing capacity measurement 
of the hind limbs of the rats was performed with the 
Incapacitance Meter Tester 600 (IITC Life Science, 
Woodland Hills, CA, USA) as a pain measurement (Jo 
et al. 2020). Weight-bearing ratios were recorded once a 
week. The weight distribution ratio was calculated using the 
following equation:
[

weight in right hind limb∕
(weight in right hind limb + weight in left hind limb)

]

× 100.



2263Anti‑arthritic effects of Schisandra chinensis extract in monosodium iodoacetate‑induced…

1 3

Biochemical assays

The serum levels of C-reactive protein (CRP), nitric 
oxide (NO), cartilage oligomeric matrix protein (COMP), 
hyaluronic acid (HA), MMPs, aggrecan (ACAN), IL-6, 
TNF-α, IL-1β, and PGE2 were measured using an enzyme-
linked immunosorbent assay (ELISA) kit (R&D system, 
Minneapolis, MN, USA) according to the manufacturer’s 
protocols.

Micro‑computed tomography (Micro‑CT)

The isolated knee joint was scanned using a Skyscan 
Micro-CT (Bruker, Billerica, MA, USA). After fixing 
the specimen on a jig for Micro-CT measurement using 
parafilm, images were acquired with a tube voltage of 90 kV 
and a current of 88 uA. The obtained cross-section images 
were aligned for each cross-section, and the morphometric 
parameters were measured using Skyscan CT-analyzer 
software (Bruker, Billerica, MA, USA).

The bone mineral density (BMD, mm), percent bone 
volume (PBV, %), porosity (%), bone volume/tissue volume 
(BV/TV,  mm3), bone surface/tissue volume (BS/TV,  mm2/
mm3), trabecular thickness (Tb.Th, mm), trabecular number 
(Tb.N, 1/mm), and trabecular separation (Tb.Sp, mm) of 
the metaphysis of the tibia were analyzed to evaluate the 
structural changes.

Histological and immunohistochemical (IHC) assay

Knee joints of the rat were fixed with 10% formalin solution 
(Sigma–Aldrich, St. Louis, MO, USA), decalcified using 

10% ethylene diamine tetraacetic acid (EDTA), embedded 
in paraffin, and serially sectioned. Tissue sections were 
stained with hematoxylin and eosin (H&E, DAKO, Glostrup, 
Denmark) and Safranin O (Sigma–Aldrich, MO, USA). 
Paraffin sections were blocked with 1% bovine serum 
albumin and incubated for 1 h at 37 °C with a collagen 2 
antibody (Abcam, Cambridge, UK). The image scan was 
photographed using a digital slide scanner (PANNORAMIC 
250 Flash III, 3DHISTECH Ltd. Budapest, Hungary) and 
observed using a Caseviewer (3DHISTECH Ltd. Budapest, 
Hungary). Histological changes were evaluated using the 
Osteoarthritis Research Society International (OARSI) 
guidelines. Image-Pro® 10 program (Media Cybernetics, 
Inc, Rockville, MD, USA) was used to assess the level of 
collagen II expression in the entire area.

Real‑time PCR analysis

Total RNA was extracted from the articular cartilages 
using an RNA extraction kit (iNtRON Biotechnology, 
Gyeonggi-do, Korea). cDNA was synthesized from RNA 
(50  ng/μL) using a GoScript™ Reverse Transcriptase 
(Promega, Madison, WI, USA) and used for real-time 
RT-PCR with a SYBR Premix Ex Taq II (Takara, Otsu, 
Japan) using an ABI QuantStudio 3 (Applied Biosystems, 
Foster City, CA, USA). Primer sequences used for RT-PCR 
are displayed in Table 1.

Western blot analysis

Articular cartilages were homogenized in a PRO-PREP™ 
Protein Extraction Solution (iNtRON Biotechnology, 

Fig. 1  Experimental design of the study
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Gyeonggi-do, Korea) containing the Halt™ phosphatase 
inhibitor cocktail (Thermo Scientific, Waltham, MA, USA). 
After quantification with the BCA assay (Thermo Scientific, 
Waltham, MA, USA), protein samples (20  μg) were 
separated by 10% SDS polyacrylamide gel electrophoresis 
and subsequently transferred to a polyvinylidene difluoride 
(PVDF) membrane (Merck Millipore, Bedford, MA, USA). 
The membranes were blocked with 5% skim milk for 
1 h at room temperature, and then washed and incubated 
with the primary antibodies at 4 °C overnight. Antibodies 
against nuclear factor kappa B (NF-κB) p65, phospho-
NF-κB p65 (Ser536), phospho-NF-κB Inhibitor alpha 
(IκBα) (Ser32), and GAPDH were purchased from Cell 
Signaling Technology (Danvers, MA, USA). Horseradish 
peroxidase (HRP)-conjugated secondary antibodies were 
purchased from Promega (Madison, WI, USA). The 
WEST-Queen™ RTS Western Blot Detection Kit (iNtRON 
Biotechnology, Gyeonggi-do, Korea) was used to detect the 
signals, and the immunoreactive bands were visualized by 

chemiluminescence using the ImageQuant LAS 500 imager 
(GE Healthcare Life Sciences, Little Chalfont, UK).

Statistical analyses

All data are presented as mean ± standard deviation (SD). 
Statistical differences were determined with a one-way 
analysis of variance (ANOVA) followed by Duncan’s 
multiple range test. Two-group comparisons were carried 
out with Student’s t test using SPSS 25 (SPSS Inc., Chicago, 
IL, USA). Values of P < 0.05 were considered statistically 
significant.

Table 1  Primer sequence 
used for quantitative real-time 
RT-PCR

Real-time RT-PCR real-time reverse transcription-polymerase chain reaction; iNOS inducible nitric oxide 
synthase; COX2 cyclooxygenase-2; Collagen II type II collagen; ADAMTS4 ADAM metallopeptidase with 
thrombospondin type 1 Motif 4; ADAMTS5 ADAM metallopeptidase with thrombospondin type 1 Motif 5; 
GAPDH glyceraldehyde 3-phosphate dehydrogenase

Genes Primer sequence (5′–3′) Accession number

iNOS Forward: CAC CAC CCT CCT TGT TCA AC NM_012611.3
Reverse: CAA TCC ACA ACT CGC TCC AA

COX2 Forward: CCA GCA GGC TCA TAC TGA TAG GA NM_017232.3
Reverse: GCA GGT CTG GGT CGA ACT TG

Collagen II Forward: GAG TGG AAG AGC GGA GAC TA NM_012929.1
Reverse: GTC TCC ATG TTG CAG AAG AC

ADAMTS4 Forward: GCC AGC AAC CGA GGT CCC AT NM_023959.1
Reverse: TTG GCA GCG GCG GCC ATG AC

ADAMTS5 Forward: CCG CAC CTC GAA ACA GTG GC NM_198761.2
Reverse: CAC CTG CGT ATT TGG GAA CC

GAPDH Forward: TGG TGA AGG TCG GTG TGA AC
Reverse: TTC CCA TTC TCA GCC TTG AC

NM_017008

Table 2  Bodyweight and weight gain of each group

The data are presented as mean ± SD (n = 7). Statistical differences were determined by one-way ANOVA, with Duncan’s multiple range tests 
(p < 0.05)
NC normal control; MC MIA injection control; PC MIA injection with celecoxib 3 mg/kg; SC100 MIA injection with SC 100 mg/kg; SC200 
MIA injection with SC 200 mg/kg; ns non-significant

Groups NC MC PC SC100 SC200

Bodyweight after randomization 
(g) [A]

206.48 ± 10.54 ns 206.21 ± 12.13 206.16 ± 9.45 206.07 ± 6.09 206.19 ± 4.95

Terminal body weight (g)
[B]

427.68 ± 42.64 ns 421.60 ± 62.18 398.40 ± 22.19 402.06 ± 36.82 400.56 ± 37.77

Bodyweight
gain (g) [B-A]

221.20 ± 33.31 ns 215.39 ± 52.28 192.24 ± 28.28 195.99 ± 31.02 194.37 ± 34.13
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Results

Effects of SC extract on body weight 
and weight‑bearing distribution

As shown in Table 2, there was no significant difference 
among groups in terms of initial body weight, terminal 
body weight, and body weight gain. Weight-bearing 
distribution was reduced in all the groups after MIA 
injection. No significant differences were observed in 
the weight-bearing distribution among the MIA injected 
groups in the first week. However, the weight-bearing 
ratio of the PC, SC100, and SC200 groups were gradually 
increased and significantly higher than those of the MC 
group from the second week (Table 3).

Effects of SC extract on bone architecture 
and cartilage damage

To evaluate the anti-osteoarthritis effect of SC, micro-CT 
scans with three-dimensional remodeling were performed 
on MIA-induced osteoarthritis rats. 3- and 2-dimensional 
micro-CT scans of the MC group revealed erosion of the 
subchondral and irregular articular surfaces. After SC 
administration, the formation of subchondral erosion and 
the irregular articular surface was reduced (Fig. 2 A–C). 
The BMD of the MC group was lower than that of the SC 
groups; however, there was no significant difference in the 
BMD. As for the PBV (Percent Bone Volume), the PBV 
of the SC groups was higher than that of the MC group. 
The porosity result showed the lowest ratio in the NC group 
and the highest in the MC group; whereas it was lower 
in the SC groups than that in the MC group. The BV/TV 
(bone volume/tissue volume) and the BS/TV (bone surface/
tissue volume) analysis showed a significant difference 
in the values between the NC group and the MIA group; 
whereas the values were higher in the SC groups than the 
MC group. The Tb.Th (trabecular thickness) and the Tb.N 
(trabecular number) of the MC group were lower than those 

of the SC groups. Tb.Sp (trabecular separation) showed the 
highest value in the MC group, but there was no significant 
difference in the values among all the groups (Table 4).

Effects of SC extract on histological characteristics

The knee joints were evaluated histologically to investigate 
the degree of inflammation and cartilage damage using 
H&E, Safranin O, and immunochemical staining. The H&E 
staining results demonstrated that the synovial tissue and 
cartilage were normally located in the NC group, and there 
were more synovial tissue loss and cartilage deformation 
in the MC group than in the NC group (Fig. 3A). Synovial 
tissue loss and cartilage deformation were relatively 
decreased in the PC group and the SC groups compared to 
the MC group. Safranin O staining revealed that the cartilage 
of the NC group was rich in proteoglycan, the destruction 
or erosion of the articular cartilage was severe, and the 
loss of proteoglycan was large in the MC group (Fig. 3B). 
The OARSI score in the PC, SC100, and SC200 groups 
was significantly lower than in the MC group (Fig. 3D). 
IHC staining results demonstrated that the brown-stained 
collagen II was abundantly distributed in the experimental 
groups compared with the MC group (Fig. 3C, E).

Effects of SC extract on serum biochemical 
parameters

Serum biochemical parameter levels were measured after 
isolating serum from blood collected from each experimental 
group. First, the effects of SC extract on serum inflammatory 
parameters were investigated. As can be seen in Fig. 4A–C, 
the MC group showed higher serum CRP, NO, and PGE2 
levels than the PC, SC100, and SC200 groups. We also 
investigated the effects of SC on serum joint parameters. The 
ACAN level was significantly higher in the SC200 group 
compared with that of the MC group. The COMP level in 
the PC, SC100, and SC200 groups was significantly reduced 
compared with that of the MC group. The HA level in the 

Table 3  Weight-bearing ratio

The data are presented as mean ± SD (n = 7). Different letters indicate significant differences by one-way 
ANOVA, with Duncan’s multiple range tests (p < 0.05)
NC normal control; MC MIA injection control; PC MIA injection with celecoxib 3 mg/kg; SC100 MIA 
injection with SC 100 mg/kg; SC200 MIA injection with SC 200 mg/kg; ns non-significant

Groups NC MC PC SC100 SC200

Before MIA injection 50.43 ± 2.48 ns 50.65 ± 2.95 50.90 ± 4.95 50.44 ± 3.37 50.87 ± 4.18
After MIA injection
 1-week 49.81 ± 4.56b 26.41 ± 4.16a 30.80 ± 6.19a 29.77 ± 3.71a 30.24 ± 3.21a

 2-weeks 49.58 ± 4.03c 27.14 ± 4.26a 31.19 ± 3.52b 30.04 ± 5.16b 30.45 ± 6.62b

 3-weeks 49.04 ± 3.38c 27.55 ± 5.61a 35.02 ± 4.45b 32.49 ± 5.47b 33.99 ± 5.63b

 4-weeks 49.45 ± 6.46d 28.44 ± 3.76a 42.14 ± 3.06c 35.38 ± 3.24b 36.93 ± 3.55b
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Fig. 2  Effects of SC extract on representative micro-computed 
tomography images. A Three-dimensional micro-CT images. B Two-
dimensional micro-CT images. C Grayscale reconstructed images. 

NC normal control; MC MIA injection control; PC MIA injection 
with celecoxib 3 mg/kg; SC100 MIA injection with SC 100 mg/kg; 
SC200 MIA injection with SC 200 mg/kg

Table 4  Structural parameters 
by micro-CT analysis of the 
tibia

The data are presented as mean ± SD (n = 7). Different letters indicate significant differences by one-way 
ANOVA, with Duncan’s multiple range tests (p < 0.05)
BMD bone mineral density; PBV percent bone volume; BV/TV bone volume/tissue volume; BS/TV bone 
surface/tissue volume; Tb.Th trabecular thickness; Tb.N trabecular number; Tb.Sp trabecular separation. 
NC normal control; MC MIA injection control; PC MIA injection with celecoxib 3 mg/kg; SC100 MIA 
injection with SC 100 mg/kg; SC200 MIA injection with SC 200 mg/kg

Groups NC MC PC SC100 SC200

BMD (mm) 0.21 ± 0.02b 0.16 ± 0.01a 0.16 ± 0.01a 0.17 ± 0.01ab 0.18 ± 0.01ab

PBV (%) 26.81 ± 7.51b 8.36 ± 3.72a 9.96 ± 2.71a 14.19 ± 3.08a 16.17 ± 2.64ab

Porosity (%) 73.19 ± 7.51a 91.64 ± 3.72b 90.04 ± 2.71b 85.81 ± 3.08b 83.83 ± 2.64ab

BV/TV  (mm3) 0.27 ± 0.08b 0.08 ± 0.04a 0.10 ± 0.03a 0.11 ± 0.05a 0.12 ± 0.03a

BS/TV  (mm2/mm3) 7.69 ± 1.25b 3.30 ± 1.04a 4.09 ± 0.89a 5.34 ± 0.83ab 5.80 ± 1.19ab

Tb.Th (mm) 0.13 ± 0.01b 0.10 ± 0.01a 0.10 ± 0.01a 0.11 ± 0.01a 0.11 ± 0.01ab

Tb.N (1/mm) 2.02 ± 0.38b 0.79 ± 0.28a 1.00 ± 0.22a 1.32 ± 0.24ab 1.43 ± 0.35ab

Tb.Sp (mm) 0.43 ± 0.05 ns 0.58 ± 0.20 0.48 ± 0.07 0.50 ± 0.03 0.47 ± 0.01
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NC, PC, SC100, and SC200 groups showed significantly 
lower values compared to the MC group (Fig. 4D–F). To 
determine the effects of SC on MMPs, the serum levels of 
MMP-2, MMP-9, and MMP-13 were measured. As can be 
seen in Fig  4G–I, the MMP level in the MC group was 
significantly higher than that of the SC groups. In addition, 
the SC administrated groups showed significantly lower 
IL-1β, IL-6, and TNF-α levels than the MC group. There 
was no significant difference in the levels of inflammatory 
cytokines between the SC groups (Fig. 4J–L).

Effects of SC extract on the expression 
of osteoarthritis‑related mRNA markers

We also investigated the effects of SC extract on the mRNA 
expression of iNOS, COX2, ADAMTS4, ADAMTS5, and 
collagen II in the cartilages. As shown in Fig. 5A, B, the 
mRNA expression of iNOS and COX2 in SC groups was 
significant reduced compared to the MC group. The mRNA 
expression of Collagen II in the MC group was also lower 
than that of the SC groups (Fig.  5C). The ADAMTS4 
mRNA expression in the MC group was significantly higher 
than that of the SC200 group. The ADAMTS5 mRNA 
expression in the MC group was higher compared to the SC 
groups; however, there was no significant difference in the 
ADAMTS5 mRNA expression among the groups (Fig. 5D, 
E).

Fig. 3  Effects of SC extract on histopathological changes. 
A H&E staining results. B Safranin O staining results. C 
Immunohistochemistry results. The scale bar indicates 200  μm. D 
OARSI scores as examined by histopathological changes. E Average 
area for Collagen II Immunohistochemical assay. NC normal control; 

MC MIA injection control; PC MIA injection with celecoxib 3 mg/
kg; SC100 MIA injection with SC 100 mg/kg; SC200 MIA injection 
with SC 200 mg/kg. Different letters indicate significant differences 
by one-way ANOVA, with Duncan’s multiple range tests (p < 0.05)



2268 Y.-S. Lee et al.

1 3

Effects of SC extract on NF‑κB activation

To understand the mechanisms of action of SC in the 
osteoarthritis model, we examined the phosphorylation 
status of NF-κB and IκBα by Western blot. As can be seen 
in Fig. 6A, B the MC group demonstrated significantly 
elevated levels of phosphorylation of NF-κB and IκBα in 
the cartilages, whereas the SC groups had lower levels of 
phospho-NF-κB and phospho-IκBα.

Discussion

Currently, available osteoarthritis medications are used 
to treat pain and inflammation (CHEA Tantowi 2018). 
Although these chemical drugs have demonstrated efficacy, 
long-term uses of these drugs have serious side effects such 
as cardiovascular problems, renal dysfunctions, diarrhea, and 

gastrointestinal disorders (Sharma et al. 2020; CROFFORD 
2013; Graverand-Gastineau 2010). Thus, the development of 
osteoarthritis therapeutics that are effective, safe, and have 
minimal adverse effects is of immense importance (Lee et al. 
2019).

Numerous studies over the decades have reported that 
herbal extracts relieve chondrocyte inflammation, thereby 
controlling pain with improvement in joint function (Jhun 
et al. 2018; Wang et al. 2018). Recent research indicates 
that Schisandra chinensis (SC) exhibits anti-inflammatory 
properties and may be beneficial for osteoarthritis (Jeong 
et al. 2017). In the present study, it was confirmed that SC 
extract increased the weight-bearing ratio and prevented 
synovial inflammation, cartilage destruction, and bone-
margin erosion in MIA-induced osteoarthritis rats.

Several inflammatory factors affect cartilage degradation, 
including NO, PGE2, iNOS, and COX2 (Robinson 
et al. 2016; Richards et al. 2016). Elevated levels of pro-
inflammatory cytokines such as IL-1β, IL-6, and TNF-α have 
been found in serum and chondrocytes with the progression 

Fig. 4  Effects of SC extract on serum biochemical parameters. 
A CRP, C-reactive protein. B NO, nitric oxide. C PGE2, 
prostaglandin E2. D ACAN, aggrecan. E COMP, cartilage 
oligomeric matrix protein. F HA, hyaluronic acid. G MMP-2, matrix 
metalloproteinases-2. H MMP-9, matrix metalloproteinases-9. I 
MMP-13, matrix metalloproteinases-13. J IL-1β, interleukin-1β. K 

IL-6, interleukin-6. L TNF-α, tumor necrosis factor-α. NC normal 
control; MC MIA injection control; PC MIA injection with celecoxib 
3  mg/kg; SC100, MIA injection with SC 100  mg/kg; SC200 MIA 
injection with SC 200 mg/kg. The data are presented as mean ± SD 
(n = 7). Different letters indicate significant differences by one-way 
ANOVA, with Duncan’s multiple range tests (p < 0.05)
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Fig. 5  Effects of SC extract on the mRNA expression. A iNOS, 
inducible NO synthase. B COX2, cyclooxygenase-2. C Collagen 
II, collagen type II. D ADAMTS4, ADAM metallopeptidase 
with thrombospondin type 1 Motif 4. E ADAMTS5, ADAM 
metallopeptidase with thrombospondin type 1 Motif 5. NC normal 

control; MC MIA injection control; PC, MIA injection with celecoxib 
3  mg/kg; SC100 MIA injection with SC 100  mg/kg; SC200 MIA 
injection with SC 200 mg/kg. The data are presented as mean ± SD 
(n = 7). Different letters indicate significant differences by one-way 
ANOVA, with Duncan’s multiple range tests (p < 0.05)

Fig. 6  Effects of SC extract on the protein expression and protein 
phosphorylation levels. A NF-κB, nuclear factor-κB. B IκBα, NF-κB 
Inhibitor alpha. NC normal control; MC MIA injection control; PC 
MIA injection with celecoxib 3 mg/kg; SC100 MIA injection with SC 

100 mg/kg; SC200 MIA injection with SC 200 mg/kg. The data are 
presented as mean ± SD (n = 3). Different letters indicate significant 
differences by one-way ANOVA, with Duncan’s multiple range tests 
(p < 0.05)
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of osteoarthritis (Fernandes et al. 2002; Gong et al. 2012; 
Musumeci et  al. 2012). In this study, SC extract led to 
reduce in pro-inflammatory cytokines and inflammatory-
related mediators. Furthermore, RNA expression of iNOS 
and COX2 in articular tissue was significantly higher in 
the MC group than in the SC treatment groups. Matrix 
metalloproteinases (MMPs) are the major substrate 
proteinases that participate in matrix turnover and are 
induced by inflammatory mediators (Monfort et al. 2008). In 
this study, decreased levels of MMP-2, MMP-9, and MMP-
13 were observed in the SC groups. These findings suggest 
that SC protects knee joints from inflammatory responses 
and joint degradation, which leads to the progression and 
development of osteoarthritis.

The proteases known as ADAMTS play a crucial 
role in various disease processes such as inflammation 
and arthritis. (Lin and Liu 2010). Evidence has been 
established that ADAMTS and MMPs are related to each 
other and can cleave aggrecan (Meng et al. 2020). In this 
study, the MC group demonstrated the highest levels of 
mRNA expression of ADAMTS4 and ADAMTS5, as well 
as the highest levels of MMPs. It is thought that aggrecan 
concentration was decreased in the MC group because of 
the increased ADAMTS4, ADAMTS5, and MMPs levels. 
On the other hand, the SC group showed reduced levels 
of ADAMTS and MMPs. These observations suggest that 
SC can ameliorate the cleavage of aggrecan through down-
regulation of the ADAMTS.

NF-κB is a transcription factor that plays an important 
role in the regulation of inf lammatory responses 
(Mulero et al. 2019). NF-κB activation is triggered by 
signal-induced degradation of IκB protein (Liang et al. 
2020). Phosphorylation of NF-κB and IκB leads to 
the transcription of target genes such as iNOS, COX2, 
and MMPs (Chen et  al. 2014). In the present study, 
the phosphorylation status of NF-κB and IκBα was 
investigated. Our findings demonstrated that SC extract 
significantly decreased the phosphorylation of NF-κB 
and IκBα, thereby suggesting that SC modulates the 
inflammatory response caused by cartilage damage, 
thus restoring the damage to the cartilage. The main 
contributing ingredient of SC extract is Schizandrin, a 
representative lignan of Schisandra chinensis. The anti-
inflammatory effects of Schizandrin have been steadily 
reported in various cell types, including macrophages 
(Moon et al. 2012; Guo et al. 2009; Park et al. 2011), 
supporting our findings of anti-arthritic effects of SC 
extract.

Conclusions

SC extract significantly alleviated MIA-induced pain 
behavior and inflammation in rat model of osteoarthritis. 
SC extract also reversed the levels of biomarkers such 
as Collagen II and ADAMTS4 in the cartilage tissue. 
Moreover, SC extract administration inhibited the 
phosphorylation of NF-κB and IκBα. Our findings suggest 
that SC extract could potentially improve osteoarthritis 
susceptibility.
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