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Abstract
Knee osteoarthritis (KOA) is a common chronic joint disorder worldwide. The water extracts of yellow
pond turtle (Mauremys mutica) plastron can be used to repair bones and tendons, but the effect and
mechanism of yellow pond turtle peptides (YPTP) on KOA is not clari�ed. This study aimed to explore the
corresponding functional effect and anti-in�ammatory activity of YPTP on cartilage in rats with papain-
induced KOA by network pharmacology and animal experiments. The network pharmacology results
showed that the top ten key target genes of YPTP on KOA included TNF, FPR2, APP, AGTR2, AGTR1,
STAT3, NFKBIA, BDKRB2, F2, and BIRC2, which were involved in multiple pathways associated with NF-κB
signaling. Protein-protein interaction analysis demonstrated that the key targets of YPTP on KOA
included COX-2 and iNOS. In addition, YPTP administration (75 and 150 mg/kg) on rats with papain-
induced KOA was performed, and knee joint swelling, biomarkers, in�ammatory factors, joint
microstructure and joint components were assessed. Animal experiment results indicated that YPTP
could decrease the expression of COX-2, iNOS and other in�ammatory factors in the NF-κB signaling
pathway. YPTP could also regulate the expression of MMP-3 and COLLII induced by in�ammatory
factors, thereby relieving joint pannus, cartilage damage and bone resorption. Our �ndings indicated that
YPTP could inhibit the NF-κB/iNOS-COX-2 pathway and regulate the expression of MMP-3 and COLLII,
thereby restricting cartilage degradation and synovial in�ammation. This study may provide a theoretical
guidance for the selective use of YPTP supplementation on health regulation in the future.

1. Introduction
Yellow pond turtle (Mauremys mutica) is a kind of freshwater turtle distributed in Vietnam and south-
central China. It is rich in amino acid, minerals, and other essential nutrients. The water extracts of yellow
pond turtle plastron are �rst used as a kind of Chinese traditional medicine, and has been developed as a
functional food for centuries[1]. The Compendium of Materia Medica records that the plastron of yellow
pond turtle has detoxi�cation and anti-in�ammation effects, and can help strengthen the bone. A
previous study showed that the yellow pond turtle peptides (YPTP) have certain antioxidant activity and
immune system enhancing effect by animal experiments[2]. If YPTP with therapeutic effect is applied to
the food in daily life, it can be easily absorbed to achieve the purpose of improving human health[3].
Dietary peptides from food proteins have been found to possess strong antioxidant and antibacterial
activities, and can relieve pain associated with moderate knee osteoarthritis (KOA)[4]. The ultra�ne
powder of Carapax Trionycis can alleviate the bone damage and recover bone mineral density and
calcium metabolism [5]. Peptides extracted from the antler of Formosan sambar deer and red deer have
signi�cant anti-in�ammatory effect in vitro[6]. A designed TLR4 antagonistic peptide could relieve the
rheumatoid arthritis symptoms and synovial tissue destruction by impeding in�ammatory biomarkers[7].
Some other studies have shown that low molecular weight collagen peptides can increase the organic
substance content of bone in osteoporosis rats[8]. Overall, many peptides exhibit important functions in
response to diseases through the anti-in�ammatory pathway. However, there has been no report on the
cartilage protective effect of YPTP in KOA and the related mechanism.
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KOA is regarded as a highly prevalent disabling joint disease characterized by cartilage defects of the
knee joint. KOA seriously affects the action capability and life healthy of patients[9]. It has been noted
that KOA has a high incidence among the aged and sedentary young adults. Conventional drugs are not
particularly effective for KOA and can cause serious gastrointestinal reactions. When developing to a
certain stage, KOA causes irreversible damage to the hyaline cartilage, and joint replacement may be the
only option of treatment[10, 11].

Alleviation of progressive cartilage destruction and in�ammation is an important therapeutic approach
for in�ammatory arthritis. It has been reported that persistent synovial in�ammation plays an important
role in the cartilage degradation of rat knee[12]. Previously, KOA was found to be related to the
cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) in the NF-κB signaling pathway, and
tumor necrosis factor alpha (TNF-α), prostaglandin E2 (PGE2), nitric oxide (NO), and interleukin-1 (IL-1)
were important in the pathological state[13]. The above in�ammatory factors can induce the up-regulated
expression of metalloproteinase-3 (MMP-3), which may alter the balance between anabolism and
catabolism. MMP-3 can lead to the degradation of type II collagen (COLLII). Blocking the over-expression
of COX-2 or iNOS can restore the normal expression of MMP-3 and COLLII, thereby reducing the
extracellular matrix depletion of cartilage and the extent of cartilage damage and joint metamorphosis[4].

This study aimed to investigate the corresponding functional effects and anti-in�ammatory activities of
YTPP on papain-induced KOA by network pharmacology and animal experiments. First, a network
pharmacology approach was used to theoretically explore the targets of the protective effect of YTPP on
KOA. Second, rats with papain-induced KOA were injected intragastrically with YTPP, and related
indicators were measured. Knee joint swelling was assessed by vernier caliper and joint microstructure
was observed by hematoxylin and eosin (H&E) staining. The proteoglycan was detected by toluidine blue
(TB) staining. The biomarkers (CTX-II and COMP) and in�ammatory factors of KOA in the serum were
measured by ELISA. The expression levels of COX-2, iNOS, and other in�ammatory factors in the
synovium, and those of MMP-3 and COLLII in the cartilage and meniscus were determined by
immunohistochemistry. This study might reveal how YTPP protects cartilage by mediating in�ammatory
pathways and promotes potential applications of YTPP in KOA prevention and management.

2. Materials And Methods

2.1 Materials and reagents
Yellow pond turtle peptides (YPTP) were prepared by previous research in our laboratory[2]. L-cysteine
and papain were purchased from Guangzhou Saiguo Biotech Co., Ltd. (Guangdong, China). The ELISA
assay kits of collagen type II C-telopeptide (CTX-II), cartilage oligomeric matrix protein (COMP),
prostaglandin E2 (PGE2), interleukin-1beta (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor alpha
(TNF-α) were bought from Shanghai Huding Biological Technology Co., Ltd. (Shanghai, China). The
assay kit for nitric oxide (NO) was obtained from Nanjing Jiancheng Biotechnology Co., Ltd. (Nanjing,
China). All other chemicals and reagents were analytical purity.
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2.2 Network pharmacology analysis of YPTP
The composition of YPTP was analyzed with a high performance liquid chromatography electrospray
quadrupole time of �ight mass spectrometry (HPLC-ESI-Q-TOF-MS/MS) system (AB SCIEX Co., Ltd.,
Shanghai, China) according to a previous report of our laboratory (Table S1)[2], and the information was
imported into the Swiss Target Prediction database (http://www.swisstargetprediction.ch/)[14]. Targets
were predicted after the species was set as “Homo sapiens”. The data were exported in Excel for later use.
The “knee osteoarthritis” was used as query and the “score > 20” was used as the condition to obtain
clusters of disease-related targets in the GeneCards database (https://www.genecards.org/). Afterward,
the data were exported in Excel. Jvenn (http://bioinformatics.psb.ugent.be/webtools/Venn/) was used to
screen the potential targets for the effect of YPTP on KOA, and generate a Venn diagram and substance-
protein interaction network relationship. Finally, the data were exported in Excel for later use.

2.3 Gene enrichment and protein-protein interaction (PPI)
network construction
The potential targets identi�ed from intersection of the Venn diagram were input in DAVID
(https://david.ncifcrf.gov/) with the parameters of ease < 0.05, count ≥ 4, FDR < 0.01, and P < 0.05 to
obtain their GO biological functions and KEGG pathway enrichment, and the bubble charts were
generated by using R. Then, the potential targets of pathways enrichment (top 5) were imported into the
String database (https://string-db.org/) based on the species of “Homo sapiens” and the comprehensive
score of protein interaction > 0.4. Network construction was performed based on protein-protein
interactions (PPI). The network data were exported in CSV format and then input into the software of
Cytoscape3.9.0 for analysis and visualization.

2.4 Animals
A total of 42 male SD (SPF, 190–210 g) rats were purchased from the Animal Center for Disease
Prevention and Control in Hubei province (Certi�cate No. SCXK (Hubei) 2020-0019, Wuhan, China).
Animal care including room, cage, equipment sanitation was in accordance with the standards for
laboratory animals established by the People’s Republic of China (GB14925-2010) and the Guiding
Principles in the care and use of animals throughout the experimental period at Center for Laboratory
Animals, Huazhong Agricultural University (Permission No. HZAURA-2020-0010). The animals were
raised in a quiet environment with proper temperature (22–25°C) and humidity (55 ± 10%) with a free
access to water and food (Permission No. SYXK (Hubei) 2020–0084). All animals were kept under a 12 h
light/12 h dark cycle.

2.5 Experimental design
The experimental design referred to the following schematic process diagram. After one week of
acclimation and exclusion of rats with poor physiological conditions, 32 rats were randomly divided into
four groups: normal control group, which were subjected to intra-articular injection of 0.15 mL saline and
received an equivalent amount of saline; the KOA model group, which were subjected to intra-articular
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injection of 0.15 mL modeling �uid (mixture solution of 4% papain and 0.3 mol/L L-cysteine) prepared
0.5 h in advance and received an equivalent amount of saline; LYPTP group, which were subjected to an
intra-articular injection of 0.15 mL modeling �uid and then received a low dose of YPTP (75 mg/kg/day);
and HYPTP group, which were subjected to intra-articular injection of 0.15 mL modeling �uid and
received a high dose of YPTP (150 mg/kg/day). All the injections were conducted on the left knee joint.

Body weight was recorded during the whole experiment and the left knee joint diameter was measured
with a vernier caliper. All rats were intraperitoneally anesthetized with 10% chloral hydrate before the intra-
articular injection.

The rats were anesthetized, and blood samples were collected from the eyeball. The blood was
centrifuged and the obtained supernatant was stored at − 80°C until detection. After cutting of both sides
of the patella, the femoral condyle was exposed. The joint �uid was obtained by injecting 0.5 mL of
saline into the left knee joint and then stored at − 80°C. Then, the synovium combined with the patella
was rapidly sheared off and placed in 4% paraformaldehyde at an EP tube. Knee joints were transected at
the 1/3 position of the distal femur and 1/3 position of the tibia and then �xed in 4% paraformaldehyde.
The livers and spleens were collected and weighed. Organ index re�ecting the health status of animal
organs was calculated as the ratio of organ mass to animal mass as follows:

Organindex(mg/g) =
weightoforgan(mg)

bodymass(g) × 100%

2.6 Serum and synovial �uid analysis
Serum and synovial �uid were processed according to the instructions of the kit as mentioned before.
CTX-II, COMP, PGE2, IL-1β, IL-6, TNF-α and NO in the serum and IL-1β, IL-6, and TNF-α in the synovial �uid
were quanti�ed. Protein was measured using the Bio-Rad assay kit.

2.7 Histology
Intact knee joints were �rst carefully observed with naked eyes and then decalci�ed in 10% EDTA at room
temperature for approximately two months. The knee joints were longitudinally cut and embedded in
para�n after decalci�cation. The synovium was cut and embedded in para�n. Then, sagittal sections (4
µm) were prepared for hematoxylin and eosin (H&E) staining and toluidine blue (TB) staining to observe
the structures of meniscus and articular cartilage with an optical microscope.

2.8 Modi�ed Mankin score
After H&E and TB staining, modi�ed Mankin scoring (Table S2) was conducted to evaluate the cartilage
damage, cartilage cell number, proteoglycan staining status, and tide line integrity[15]. According to the
Mankin scoring principle with a total score of 14 points, 1–5 points were identi�ed as early osteoarthritis;
6–9 points were identi�ed as middle osteoarthritis, and 10–14 points were identi�ed as late
osteoarthritis.
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2.9 Determination of in�ammatory factors in synovium and
COLLII and MMP-3 in cartilage and meniscus by
immunohistochemistry
After conventional dewaxing and rehydration of the para�n sections, the tissue sections were placed in a
repair box �lled with citric acid (pH 6.0) antigen retrieval buffer for antigen retrieval in a microwave oven.
Then, the slides were washed with PBS (pH 7.4) and sealed with serum, followed by incubation with the
primary antibody and secondary antibody, respectively. 4 µm resin semi-thin sections were placed in PBS
(pH 7.4) and shaken on the decoloring shaker for DAB color development. Next, the sections were
counterstained with hematoxylin stain solution, examined by microscopy after dehydration and sealing.
According to the immunohistochemistry results, the expression levels of iNOS, COX-2, IL-1β and TNF-α in
the synovium and COLLII and MMP-3 in the cartilage and meniscus were assessed by image analysis
system (Image J).

2.10 Statistical analysis
The knee joint diameter was analyzed by determining the area-under-the-curve (AUC). All data were
presented as means ± standard deviation (SD). Differences between groups were determined by one-way
analysis of variance (ANOVA). Statistical differences were considered as signi�cant at P < 0.05. SPSS
software was used for all analysis.

3. Results

3.1 Effects of YPTP on serum CTX-II and COMP
CTX-II and COMP are two biomarkers of KOA, and their levels can indicate the severity of KOA [16]. As
shown in Fig. 2A and B, the levels of CTX-II and COMP in the KOA group were signi�cantly higher than
those in the normal group, indicating that the KOA rat model was successfully established. Compared
with the KOA group, the serum CTX-II levels in LYPTP group and HYPTP group were decreased by nearly
26.26% and 50.40%, respectively (P < 0.05). In addition, compared with the model group, the serum COMP
levels in the LYPTP and HYPTP groups decreased by 51.44% and 90.12%, respectively (P < 0.05).
According to the content of two biomarkers (CTX-II and COMP), the severity of KOA followed the order of
the KOA group > LYPTP group > HYPTP group. These results indicated that cartilage was degraded and
destroyed and synovitis was formed in the KOA group and the YPTP treatment (LYPTP and HYPTP) could
reduce the severity of KOA. Therefore, YPTP can be used as a dietary supplement to prevent KOA.

3.2 Key genes of the YPTP targets related to KOA
Based on the sequences of the nine peptides identi�ed in YPTP, 230 targets related to YPTP were
screened using the Swiss database, 1918 targets related to KOA were screened using the GeneCards
database, and 122 overlapping targets were screened using the Jvenn database (Fig. 1A). The
overlapping targets were then imported into the String database to analyze the protein interaction
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network, and the results were visualized using Cytoscape 3.9.0. As shown in Fig. 1B, the targets of YPTP
mainly included COX-2, iNOS, MMP, and cytokines. The top 30 genes with the highest degree of
connectivity with other genes were screened by analyzing the network topology properties (Fig. 1C). The
top ten genes were TNF, FPR2, APP, AGTR2, AGTR1, STAT3, NFKBIA, BDKRB2, F2 and BIRC2. TNF showed
the maximum degree (26) of connectivity, indicating that this gene had important functions in the
network. TNF (also called TNF-α) signaling can induce the activation of many genes, which is primarily
controlled by two distinct pathways, the NF-κB pathway and the MAPK pathway, or apoptosis and
necroptosis[17]. FPR2 belong to the family of seven-transmembrane G protein-coupled receptors. It has
the ability to modulate both pro- and anti-in�ammatory response[18]. APP are a class of proteins whose
plasma concentration increase or decrease in response to in�ammation[19]. Two important genes AGTR2
and AGTR1 are associated with chondrocyte hyperplasia and hypertrophy in the RAS signaling
pathway[20]. The STAT3 and NFKBIA genes are typical and widely studied disease targets[21, 22]. The
proin�ammatory cytokine level in KOA is in�uenced by the antagonist agent of BDKRB2 implicated in
TLR-2 silencing[23]. The thrombin-cleaved(F2) osteopontin level is correlated with the severity of
osteoarthritis[24]. BIRC2 is related to various pathways such as the NF-κB signaling pathway, the TNF
signaling pathway, and pathways in cancer according to the KEGG database (https://www.kegg.jp/).
Therefore, KOA in rats may be suppressed by regulation of the above signaling pathways.

3.3 GO enrichment and KEGG pathway enrichment analysis
The GO and KEGG enrichment analysis using the DAVID database identi�ed 485 GO items and 87 KEGG
pathways (Table S3 & S4). Among the results of the GO enrichment analysis, 348, 49 and 88 were
associated with BP, CC and MF, respectively. The top 20 signi�cant GO terms of BP, CC, MF were shown as
bubble plots in Fig. 1D-F. The items associated with in�ammation had proteolysis, plasma membrane,
integral component of the plasma membrane and membrane raft, serine-type endopeptidase activity,
endopeptidase activity. The items related with articular cartilage metabolism had extracellular matrix
disassembly and collagen catabolic process, metalloendopeptidase activity. 87 pathways were obtained
by KEGG enrichment analysis. The top 20 signi�cant KEGG pathways were shown as bubble plots in
Fig. 1G. Among the KEGG signaling pathways, 5 pathways with high enrichment of gene targets were
screened, which were TNF signaling pathway, HIF-1 signaling pathway, PI3K-AKT signaling pathway,
pathways in cancer, NF-κB signaling pathway. As shown in Fig. 1H, the �ve signaling pathways were
integrated together. Some potential targets of YPTP acting on KOA were showed, such as NOS2, PTGS2,
IL-6, IL-1β and so on (Table S5 for details). The results showed that YPTP could relieve KOA through
inhibition of NF-κB pathways and their target.

3.4 Construction of protein-protein interaction network for
the targets of YPTP
The potential targets of YPTY in top 5 pathways were imported into the String database (https://string-
db.org/) based on the species “Homo sapiens” as the condition. The protein-protein interaction network
(PPI) (Fig. 1I) was visualized using Cytoscape, and the hub proteins with high degree were identi�ed by
Analyze Network of Cytoscape. The higher the degree was, the more its color would tend to be blue.
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PTGS2(COX-2) showed the maximum degree (12) of connectivity, showing that the potential target for
the effect of YPTP on KOA was PTGS2(COX-2). The expression levels of COX-2 and iNOS are closely
associated with NF-κB pathway[25]. Therefore, our results suggested that YPTP might prevent the KOA by
mediating the NF-κB/iNOS-COX-2 pathway.

3.5 Effects of YPTP on the organ index, weight, and knee
joint swelling of KOA rats
As shown in Fig. S1 and Table S6, there was no statistical difference in body weight and organ index
between the KOA group and other groups, indicating that YPTP had little impact on the health of rats
after about one month of administration. As shown in Fig. 2C, there was no signi�cant difference in knee
joint diameter between the different groups on days 7 and 13. On day 31, the knee joint diameter
decreased signi�cantly in the YPTP group compared to the KOA group (P < 0.05). In addition, compared to
the KOA group, the AUC decreased by 57.8% and 97.50% in the LYPTP and HYPTP groups in Fig. 2D
respectively (P < 0.05), indicating that YPTP might have an inhibitory effect on knee joint swelling in a
dose-dependent manner.

3.6 Assessment of articular cartilage structure and joint
microstructure with modi�ed Mankin score and visual
observation
As shown in Fig. S2, the cartilage surface of the normal group was smooth and glossy, while the KOA
group showed severe injury on the cartilage surface and slight joint swelling. Compared to the KOA group,
the LYPTP and HYPTP groups showed slight injury in cartilage surface. As shown in Fig. 2E, signi�cant
focal cartilage defects and decreased proteoglycans level were observed in the KOA group after H&E and
TB staining compared to the normal group. Histomorphometric analysis showed that the articular
cartilage surface in the KOA group was rough with local stenosis and adhesions. After YPTP treatment, in
LYPTP and HYPTP groups, the cartilage surface damage and the area of joint adhesions were reduced,
and the proteoglycans content was increased. The HYPTP group also showed smoother cartilage
surface, better arranged cells, and more integrated tide line than the LYPTP group. The modi�ed Mankin
score also was performed to assess the severity of KOA. As shown in Fig. 2F and Table S7, the modi�ed
Mankin score was signi�cantly lower in the normal (0.08 ± 0.07) and HYPTP (3.27 ± 1.40) groups than in
the KOA (11.00 ± 1.50) and LYPTP (9.26 ± 1.39) groups. According to the score, the model group, LYPTP
group, and HYPTP group were assessed as late, middle and early osteoarthritis, respectively [15]. These
results were consistent with the results of KOA biomarkers and knee joint swelling, suggesting that YPTP
could reduce articular cartilage damage.

3.7 Effects of YPTP on serum IL-1β, IL-6, TNF-α, PGE2 and
NO
Analysis of serum in�ammatory factors revealed that the KOA group had signi�cantly higher levels of IL-
6, NO, TNF-α, PGE2 and IL-1β than the normal group (Fig. 3A-E). Compared to KOA group, LYPTP and
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HYPTP groups noticeably reduced the levels of these in�ammatory factors (P < 0.05), indicating that
YPTP might improve the structure of cartilage and alleviate synovial in�ammation by affecting
in�ammatory factors.

3.8 Effects of YPTP on synovial �uid IL-1β, IL-6 and TNF-α
The levels of IL-1β, IL-6, and TNF-α were detected in rat synovial �uid. As shown in Fig. 3F-H, the levels of
IL-1β, IL-6 and TNF-α were signi�cantly different among groups, and the values followed the order of KOA
group > LYPTP group > HYPTP group > normal group (P < 0.05). Apparently, YPTP has the potential to
relieve in�ammatory reaction in KOA rats.

3.9 Effects of YPTP on the expression of IL-1β, TNF-α, COX-
2 and iNOS in synovium
Further immunohistochemical experiments were performed to investigate the effect of YPTP on the
expression of proteins related to cartilage in�ammation in rat synovium. The expression of IL-1β, TNF-α,
COX-2, and iNOS in the synovium was semi-quantitatively assessed by immunohistochemistry (Fig. 4A-H;
Table S8). The results showed that the KOA group had higher expression of related in�ammatory factors
than the normal group. Furthermore, the YPTP treatment (LYPTP and HYPTP groups) could signi�cantly
decrease the expression of IL-1β, TNF-α, COX-2, and iNOS in a dose-dependent manner relative to the
normal group (P < 0.05). These results indicated that YTPP might reduce synovial in�ammation by
reducing the expression of COX-2 or iNOS and other in�ammatory factors, thereby protecting the knee
joint.

3.10 Effects of YPTP on the expression of COLLII and
MMP-3 in articular cartilage
The effects of YPTP on the expression of COLLII and MMP-3 in vivo were evaluated by
immunohistochemical experiments (Fig. 4I-L and Table S8). Compared to the KOA group, LYPTP and
HYPTP groups increased the expression of COLLII by 43.75% and 77.88%, and decreased that of MMP-3
by 24.63% and 80.91%, respectively. These results indicated that YPTP could reduce the structural
damage of articular cartilage by regulating the expression of COLLII and MMP-3 in papain-induced knee
osteoarthritis rats.

4. Discussion
The production of yellow pond turtle plastron refers to a type of polypeptide with the anti-in�ammation
effects, antioxidant activity, and immune system enhancing effect and may help strengthen the bone [1–
3]. Many peptides also exhibit important functions in response to diseases through the anti-in�ammatory
pathway[6–8]. However, there has been no report on the cartilage protective effect of YPTP in KOA and
the related mechanism. KOA caused by chronic synovial in�ammation is a common chronic disease
characterized by joint destruction, which is an irreversible pathological change. Currently, there is no
curative therapeutic strategy for KOA, and anti-in�ammatory agents and physical therapy are the most
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common treatments. When KOA develops to a certain stage, it may be inevitable to conduct an
arthroplasty or osteotomy[26, 27]. Therefore, it is of great signi�cance to dissect the mechanism for the
positive effect of nutraceutical and medicinal food on KOA.

Network pharmacology analysis results implied that YPTP could alleviate KOA through various pathways,
such as pathways in cancer, TNF signaling pathway, and PI3K-AKT signaling pathway[28]. The results
indicated that the anti-in�ammatory targets of YPTP were distributed in multiple signaling pathways,
among which COX-2 and iNOS are the most important targets. IL-1β and TNF-α could activate each other,
resulting in the activation of the NF-κB pathway. Meanwhile, the biosynthesis of COX-2 and iNOS was
activated by IL-1β, IL-6, and TNF-α, which will then promote the expression of PGE2 and NO[29].

To con�rm the effect of YPTP on collagen degradation and synthesis, CTX-II and COMP were measured
in the serum samples from rats. With the degradation of cartilage, CTX-II and COMP fragments would be
increased in the serum and synovial �uid of patients with rheumatoid arthritis. The levels of CTX-II and
COMP have been proposed as effective biomarkers of joint injury progression, and their levels in serum
can be used to evaluate the severity and progression of KOA[30]. In this study, papain could induce KOA
in rats, and the KOA group showed the highest severity of KOA, followed by the LYPTP group and then
HYPTP group. In this regard, YPTP might have certain suppressive effect on joint injury progression of
KOA.

TNF-α, IL-1β, IL-6, NO, and PGE2 are in�ammatory factors closely related to KOA, which play vital roles in
the NF-κB/iNOS-COX-2 signaling pathway. TNF-α directly promotes the degradation of cartilage matrix
and the destruction of chondrocytes, and induces the production of COX-2, iNOS, IL-6 and IL-1β,
aggravating the in�ammatory reaction of joint synovium. The production of PGE2 and NO is mainly
regulated by inducible COX-2 and iNOS, respectively[31]. NF-κB is a group of protein dimers involved in
immune and in�ammatory responses[32]. In this study, YPTP showed dose-dependent effects on serum
TNF-α, IL-1β, IL-6, NO, and PGE2 levels, which was consistent with the results of knee joint swelling and
Mankin scoring. These results revealed that YPTP might regulate IL-1β, IL-6, TNF-α, PGE2, NO, COX-2, and
iNOS in the NF-κB/iNOS-COX-2 signaling pathway, and the inhibition of these in�ammatory factors could
stimulate the repair of cartilage tissue in osteoarthritis patients.

MMP-3 can activate other MMPs to inhibit the degradation of COLLII. Therefore, MMP-3 is a major
enzyme for cartilage degradation[33]. COLLII can help maintain the normal structure of cartilage, relieve
osteoarthritis, and inhibit the degeneration of bone and joint[34]. These facts are consistent with our
research results that YPTP can not only inhibit the degradation of extracellular matrix and reduce the
structural damage of articular cartilage by suppressing the expression of MMP-3, but also increase the
expression of COLLII to promote cartilage self-repair and control the degeneration of bone.

The results of network pharmacology and in vivo pharmacological evaluation suggested that inhibition
of COX-2 or iNOS expression might regulate the normal expression of MMP-3 and COLLII. In addition, our
�ndings revealed the inhibition e�cacy of YPTP on cartilage damage and bone resorption. Therefore,
COX-2, iNOS, MMPs, and COLLII might be potential targets for the prevention of KOA. Further in vitro
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experiments are needed to verify these targets and how COX-2 and iNOS mediate the activation of MMPs.
The reults of this study provide a good foundation for understanding the protective effect of nutraceutical
and medicinal food on KOA.

5. Conclusion
This study veri�ed that YPTP has certain protective functions on KOA through network pharmacology
analysis and animal experiments. YPTP might affect the expression of KOA-related in�ammatory factors
in the NF-κB/iNOS-COX-2 signaling pathway, of which COX-2 and iNOS were key targets. In the LYPTP
and HYPTP groups of the in vivo experiments, IL-1β, TNF-α, COX-2, and iNOS are down-regulated,
resulting in down-regulation of MMP-3 and proteoglycans, and up-regulation of COLLII synthesis.
Therefore, YPTP may reduce the degradation of cartilage, alleviate synovial in�ammation, and maintain
normal cartilage structure. The �ndings indicated that COX-2, iNOS, MMP-3, and COLLII might be the key
targets for treating KOA. Meanwhile, this study provides a good basis for further application of YTPP as a
nutritional and medicinal food in health regulation in the future.

Abbreviations
KOA, knee osteoarthritis,

COX-2, cyclooxygenase-2,

iNOS, inducible nitric oxide synthase,

NF-κB, nuclear factor kappa B,

TNF-α, Tumor necrosis factor alpha,

PGE2, prostaglandin E2,   

NO, nitric oxide

IL-1β, interleukin-1β,

MMP-3, metalloproteinase-3,

COLLII, type II collagen,

YPTP, yellow pond turtle peptides

H&E, hematoxylin and eosin staining,

TB, toluidine blue staining,

CTX-II, collagen type II C-telopeptide,



Page 12/21

COMP, cartilage oligomeric matrix protein,

PPI, Protein-Protein Interaction,

AUC, area under the curve,

BP, biological processes,

CC, cellular components,

MF, molecular functions

Declarations
Animal Ethics: The protocol was reviewed and accepted by the Tab of Animal Experimental Ethical
Inspection of Laboratory Animal Centre, Huazhong Agriculture University, ID number HZAURA-2020-0010

Consent for publication:

All authors have reviewed the manuscript and approved to submit to your journal. The authors declare
that there are no con�icts of interest.

Availability of data and materials:

Not Applicable.

Competing interests:

There are no con�icts of �nancial and personal relationships in this work.

Funding:

This research is supported by National Key R&D Program from Ministry of Science and Technology of the
People’s Republic of China (No. 2021YFE0194000) and the Fundamental Research Funds for the Central
Universities of China (No. 2662018PY022) and the Natural Science Foundation of Fujian Province (No.
2017J01174).

Authors' contributions:

Jia-xing Yan: Conceptualization, Methodology, Investigation, Formal analysis, Writing - original draft. Jiu-
liang Zhang: Writing - review & editing, Project administration, Funding acquisition. Lan-jie Feng:
Validation, Formal analysis. Lu-hong Shen: Validation, Resources. Zuo-an Li: Writing - review & editing,
Funding acquisition.

Acknowledgements:



Page 13/21

Not Applicable.

References
1. Cheng, Yuan Yu, Ting Yu Chen, Pin Huan Yu, and Chau Hwa Chi. 2010. Observations on the female

reproductive cycles of captive Asian yellow pond turtles (Mauremys mutica) with radiography and
ultrasonography. Zoo Biology 29: 50–58. https://doi.org/10.1002/zoo.20265.

2. Lv, Yan bo, Qing Zhou, Yang Fan, and Jiu liang Zhang. 2019. Intervention on immunode�ciency mice
and structural identi�cation of enzymatic peptides from Mauremys mutica and Cuora trifasciata.
Journal of Ethnopharmacology 241: 111920. https://doi.org/10.1016/j.jep.2019.111920.

3. Hara, Hiroshi, Ryuhei Funabiki, Mitsuo Iwata, and Ken-Ichi Yamazaki. 1984. Portal absorption of
small peptides in rats under unrestrained conditions. The Journal of Nutrition 114: 1122–1129.
https://doi.org/10.1093/jn/114.6.1122.

4. Brunello, Emy, and Antonio Masini. 2016. NEM® brand eggshell membrane effective in the treatment
of pain and stiffness associated with osteoarthritis of the knee in an Italian study population.
International Journal of Clinical Medicine. https://doi.org/10.4236/ijcm.2016.72017.

5. Chen, Xuhui, Shasha Wang, Guangjing Chen, Zhirong Wang, and Jianquan Kan. 2021. The
immunomodulatory effects of Carapax Trionycis ultra�ne powder on cyclophosphamide-induced
immunosuppression in Balb/c mice. Journal of the Science of Food and Agriculture 101: 2014–
2026. https://doi.org/10.1002/jsfa.10819.

�. Kuo, Ching Yun, Yi Ting Cheng, Shang Tse Ho, Chih Chun Yu, and Ming Ju Chen. 2018. Comparison
of anti-in�ammatory effect and protein pro�le between the water extracts from Formosan sambar
deer and red deer. Journal of Food and Drug Analysis 26: 1275–1282.
https://doi.org/10.1016/j.jfda.2018.02.005.

7. Achek, Asma, Masaud Shah, Ji Young Seo, Hyuk Kwon Kwon, Xiangai Gui, Hyeon Jun Shin, Eun
Young Cho, et al. 2019. Linear and rationally designed stapled peptides abrogate TLR4 pathway and
relieve in�ammatory symptoms in rheumatoid arthritis rat model. Journal of Medicinal Chemistry 62:
6495–6511. https://doi.org/10.1021/acs.jmedchem.9b00061.

�. Mari, Watanabe Kamiyama, Shimizu Muneshige, Kamiyama Shin, Taguchi Yasuki, Sone Hideyuki,
Morimatsu Fumiki, Shirakawa Hitoshi, Furukawa Yuji, and Komai Michio. 2010. Absorption and
effectiveness of orally administered low molecular weight collagen hydrolysate in rats. Journal of
Agricultural and Food Chemistry 58: 835–841. https://doi.org/10.1021/jf9031487.

9. Alon, Tamar, Itzhak Hemo, Ahuva Itin, Jacob Pe’er, Jonathan Stone, and Eli Keshet. 1995. Vascular
endothelial growth factor acts as a survival factor for newly formed retinal vessels and has
implications for retinopathy of prematurity. Nature Medicine 1: 1024–1028.
https://doi.org/10.1038/nm1095-1024.

10. Boyan, Barbara D., David A. Hart, Roger M. Enoka, Daniel P. Nicolella, Eileen Resnick, Karen J. Berkley,
Kathleen A. Sluka, et al. 2013. Hormonal modulation of connective tissue homeostasis and sex



Page 14/21

differences in risk for osteoarthritis of the knee. Biology of Sex Differences 4: 1–10.
https://doi.org/10.1186/2042-6410-4-3.

11. Graham, Brian T, Axel C Moore, David L Burris, and Christopher Price. 2020. Detrimental effects of
long sedentary bouts on the biomechanical response of cartilage to sliding. Connective Tissue
Research 61: 375–388. https://doi.org/10.1080/03008207.2019.1673382.

12. Xu, Kang, Yan Gao, Li Yang, Yanju Liu, and Chunli Wang. 2021. Magnolin exhibits anti-in�ammatory
effects on chondrocytes via the NF-κB pathway for attenuating anterior cruciate ligament
transection-induced osteoarthritis. Connective Tissue Research 62: 475–484.
https://doi.org/10.1080/03008207.2020.1778679.

13. Mapp, P. I., D. R. Sagar, S. Ashraf, J. J. Burston, S. Suri, V. Chapman, and D. A. Walsh. 2013.
Differences in structural and pain phenotypes in the sodium monoiodoacetate and meniscal
transection models of osteoarthritis. Osteoarthritis and Cartilage 21: 1336–1345.
https://doi.org/10.1016/j.joca.2013.06.031.

14. Xu, Hui Hui, Suo Mi Li, Rui Xu, Liang Fang, Hui Xu, and Pei Jian Tong. 2020. Predication of the
underlying mechanism of Bushenhuoxue formula acting on knee osteoarthritis via network
pharmacology-based analyses combined with experimental validation. Journal of
Ethnopharmacology 263: 113217. https://doi.org/10.1016/j.jep.2020.113217.

15. Liao, Hongxing, Zhihui Zhang, Zhanliang Liu, Weiming Lin, Jian Huang, and Yingmei Huang. 2021.
Inhibited microRNA-218-5p attenuates synovial in�ammation and cartilage injury in rats with knee
osteoarthritis by promoting sclerostin. Life Sciences 267: 118893.
https://doi.org/10.1016/j.lfs.2020.118893.

1�. Wedekind, Karen J., Kevin J. Ruff, Cindy A. Atwell, Joseph L. Evans, and Alison M. Bendele. 2017.
Bene�cial effects of natural eggshell membrane (NEM) on multiple indices of arthritis in collagen-
induced arthritic rats. Modern Rheumatology 27: 838–848.
https://doi.org/10.1080/14397595.2016.1259729.

17. Chu, Wen Ming. 2013. Tumor necrosis factor. Cancer Letters 328: 222–225.
https://doi.org/10.1016/j.canlet.2012.10.014.

1�. Tylek, Kinga, Ewa Trojan, Magdalena Regulska, Enza Lacivita, Marcello Leopoldo, and Agnieszka
Basta-Kaim. 2021. Formyl peptide receptor 2, as an important target for ligands triggering the
in�ammatory response regulation: a link to brain pathology. Pharmacological Reports 73: 1004–
1019. https://doi.org/10.1007/s43440-021-00271-x.

19. Polepalle, Tejaswin, Srinivas Moogala, Shalini Boggarapu, Divya Sai Pesala, and Firoz Babu Palagi.
2015. Acute phase proteins and their role in periodontitis: a review. Journal of Clinical and Diagnostic
Research 9: ZE01–ZE05. https://doi.org/10.7860/JCDR/2015/15692.6728.

20. Meng, Xiangbo, Sibylle Grad, Chunyi Wen, Yuxiao Lai, Mauro Alini, Ling Qin, and Xinluan Wang. 2021.
An impaired healing model of osteochondral defect in papain-induced arthritis. Journal of
Orthopaedic Translation 26: 101–110. https://doi.org/10.1016/j.jot.2020.07.005.



Page 15/21

21. Zhou, Tao, Hao Lin, Ziao Cheng, Chaochao Ji, Chao Zhang, and Jiwei Tian. 2017. Mechanism of
microRNA-146a-mediated IL-6/STAT3 signaling in lumbar intervertebral disc degeneration.
Experimental and Therapeutic Medicine 14: 1131–1135. https://doi.org/10.3892/etm.2017.4611.

22. Tang, Hongtao, Zhenzhen Cheng, Wenlong Ma, Youwen Liu, Zhaofang Tong, Ruibo Sun, and
Hongliang Liu. 2018. TLR10 and NFKBIA contributed to the risk of hip osteoarthritis: systematic
evaluation based on Han Chinese population. Scienti�c Reports 8: 1–8.
https://doi.org/10.1038/s41598-018-28597-2.

23. Tsukamoto, I., M. Akagi, S. Inoue, K. Yamagishi, S. Mori, and S. Asada. 2014. Expressions of local
renin-angiotensin system components in chondrocytes. European Journal of Histochemistry 58:
132–138. https://doi.org/10.4081/ejh.2014.2387.

24. Wu, Yuangang, Xiaoxi Lu, Mingyang Li, Junfeng Zeng, Jun Zeng, Bin Shen, and Yi Zeng. 2019. Renin-
angiotensin system in osteoarthritis: a new potential therapy. International Immunopharmacology
75: 105796. https://doi.org/10.1016/j.intimp.2019.105796.

25. Zhang, Zhongmin, Li Li, Guoxin Huang, Tong Zhou, Xinyue Zhang, Xinxin Leng, Zhenxing Chen, and
Jiang Lin. 2021. Embelia Laeta aqueous extract suppresses acute in�ammation via decreasing COX-
2/iNOS expression and inhibiting NF-κB pathway. Journal of Ethnopharmacology 281.
https://doi.org/10.1016/j.jep.2021.114575.

2�. Kerkhof, H J M, S M A Bierma-Zeinstra, N K Arden, S Metrustry, M Castano-Betancourt, D J Hart, A
Hofman, et al. 2014. Prediction model for knee osteoarthritis incidence, including clinical, genetic and
biochemical risk factors. Annals of the Rheumatic Diseases 73: 2116–2121.
https://doi.org/10.1136/annrheumdis-2013-203620.

27. Lee, Wayne Yuk wai, and Bin Wang. 2017. Cartilage repair by mesenchymal stem cells: clinical trial
update and perspectives. Journal of Orthopaedic Translation 9: 76–88.
https://doi.org/10.1016/j.jot.2017.03.005.

2�. Yen, Gow Chin, Chiung Man Tsai, Chi Cheng Lu, and Chia Jui Weng. 2018. Recent progress in natural
dietary non-phenolic bioactives on cancers metastasis. Journal of Food and Drug Analysis 26: 940–
964. https://doi.org/10.1016/j.jfda.2018.05.003.

29. Chunlu, Yan, An Fangyu, Liu Yongqi, Wang Jilong, Zhao Lei, Xia Pengfei, Zhou Ting, Shi Guoxiu, Zhao
Wenkun, and Yang Xiaorong. 2020. Regulatory mechanism of Youguiwan on articular cartilage
degeneration via IL-6/STAT3 signaling pathway in rats with knee osteoarthritis. Chinese Journal of
Experimental Traditional Medical Formulae. 26: 17–23.
https://doi.org/10.13422/j.cnki.syfjx.20192303.

30. Sakthiswary, Rajalingham, Shamala Rajalingam, Heselynn Hussein, Radhika Sridharan, and Abdul
Wahab Asrul. 2017. Cartilage oligomeric matrix protein (COMP) in rheumatoid arthritis and its
correlation with sonographic knee cartilage thickness and disease activity. Clinical Rheumatology 36:
2683–2688. https://doi.org/10.1007/s10067-017-3817-0.

31. Botha-Scheepers, S, I Watt, E Slagboom, A J M de Craen, I Meulenbelt, F R Rosendaal, F C Breedveld,
T W J Huizinga, and M Kloppenburg. 2008. Innate production of tumour necrosis factor α and



Page 16/21

interleukin 10 is associated with radiological progression of knee osteoarthritis. Annals of the
Rheumatic Diseases 67: 1165–1169. https://doi.org/10.1136/ard.2007.084657.

32. Kim, So-Jeong, Ee-Hwa Kim, Yong-Min Kim, and others. 2020. Anti-in�ammatory and anti-oxidant
studies of osung-tang extracts in LPS-induced RAW 264.7 cells. The Journal of Korean Medicine
Ophthalmology and Otolaryngology and Dermatology 33: 1–11.
https://doi.org/10.6114/jkood.2020.33.1.001.

33. Pundir, C. S., Manu Bhambi, and Nar Singh Chauhan. 2009. Chemical activation of egg shell
membrane for covalent immobilization of enzymes and its evaluation as inert support in urinary
oxalate determination. Talanta 77: 1688–1693. https://doi.org/10.1016/j.talanta.2008.10.004.

34. Chen, Cheng, Jing Xie, Ravikumar Rajappa, Linhong Deng, Jeffrey Fredberg, and Liu Yang. 2015.
Interleukin-1β and tumor necrosis factor-α increase stiffness and impair contractile function of
articular chondrocytes. Acta Biochimica et Biophysica Sinica 47: 121–129.
https://doi.org/10.1093/abbs/gmu116.

Scheme
Scheme 1 is available in Supplementary Files section.

Figures



Page 17/21

Figure 1

(A) Venn diagrams of YPTP targets (230 in total), KOA targets (1918 in total), and overlapping targets
(122) generated by Jvenn. (B) Protein interaction network relationship of the YPTP targets related to
KOA of YPTP for KOA (degree > 5) by using the software of Cytoscape3.9.0. (C) Analysis results of key
gene targets for the effect of YPTP on KOA (the top 30 of the degree). (D) Bubble plots of biological
processes in GO enrichment analysis of YPTP. (E) Bubble plots of cell components in GO enrichment
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analysis of YPTP. (F) Bubble plots of molecular functions in GO enrichment analysis of YPTP. (G) Bubble
plots of KEGG pathway enrichment of YPTP. The value of -log(PValue) represents the signi�cance of
enrichment. The higher the corresponding -log(PValue) was, the more its color would tend to be red,
otherwise, the color tends to be blue. Bubble size indicates the number of items. (H) Pathway map of
potential targets related to immune in�ammation was integrated in the treatment of KOA by YPTP, some
potential targets of YPTP acting on KOA were showed, such as NOS2, PTGS2, IL-6, IL-1β and so on (Table
S5 for details). (I) PPI network pharmacology diagram of the potential targets of top 5 pathways by using
the software of Cytoscape3.9.0. The higher the degree was, the more its color would tend to be deep.
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Figure 2

Effects of YPTP on serum CTX-II (A) and COMP (B) in papain-induced KOA rats. Data are expressed as
mean ± standard deviation (SD) (n = 8). Different letters indicate signi�cant differences (P < 0.05). (C)
Effects of YPTP on joint diameter. (D) The area under the curve (AUC) is the quanti�cation of joint
diameter of Fig. C. Data are expressed as the means ± SD (n = 8), * indicates P < 0.05. (E) Effects of
YPTP on the articular cartilage. Histopathological alterations were evaluated by H&E and TB staining.
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Images were acquired at a magni�cation of 200x and 400x. (F) The modi�ed Mankin scores. Different
letters above the bar indicate signi�cant differences de�ned as P < 0.05.

Figure 3

Effects of YPTP on serum IL-1β (A), IL-6(B), TNF-α (C), PGE2 (D),NO (E) and synovial �uid IL-6 (D), S IL-1β
(E) and TNF-α (F) in papain-induced KOA rats. Data are expressed as means ± SD (n = 8). Different letters
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indicate statistical signi�cance de�ned as P < 0.05.

Figure 4

A-D: Representative images of immunohistochemical (IHC) staining of COX-2, iNOS, IL-1β and TNF-α. E-H:
The semi-quantitative results of COX-2, iNOS, IL-1β and TNF-α are shown as means ± SD (n = 8). I-J:
Representative images of IHC staining of COLLII and MMP-3. K-L: The semi-quantitative results of COLLII
and MMP-3. Data are shown as means ± SD (n = 8). Different letters indicate statistical signi�cance
de�ned as P < 0.05.
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