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Objective: Acupotomy based on the meridian-sinew theory of traditional Chinese medicine has benefits in treating knee osteoarthritis
(KOA). The current study aims to prove that acupotomy at the sinew points of Sanheyang protect the knee joint and alleviate the progression
of moderate KOA by evaluating KOA symptoms, cartilage structure, and analyzing the changes of cytokines in rabbit cartilage.
Methods: The model used was mono-iodoacetate-induced moderate KOA in the rabbit’s right leg. Rabbits were divided into the
model group, the acupotomy group, and the control group, with each group receiving two parts of treatment for 2 weeks and 4 weeks.
We evaluated pain in the knee joint and range of motion. The articular cartilage sections were stained with Safranin O/Fast Green and
Masson. We used immunohistochemistry and real-time PCR to detect the protein and mRNA expressions of collagen prototype 11
(COL-II), matrix metalloproteinase 13 (MMP13), and integrin-p1 (ITG-p1).

Results: Compared with the model group, the acupotomy group had higher body weight, lower pain score, higher range of motion,
lower Mankin score, and significantly lower protein and mRNA expression of MMP13. After 4 weeks of treatment, Col-II expression
in the acupotomy group was significantly higher than that in the model group and the expression of ITG-f1 in the model group was
abnormally increased.

Conclusion: Acupotomy at Sanheyang improved the pain symptoms and range of joint motion in rabbits with moderate KOA, and
could protect Col-II by regulating MMP13, which may be related to ITG-f1-mediated mechanical force transmission, thus reducing
the damage to cartilage structure and delaying the progression of moderate KOA.
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Introduction
The Global Burden of Diseases, Injuries, and Risk Factors Study 2017 (GBD 2017) has reported that the prevalence of
knee osteoarthritis is increasing.' Musculoskeletal disorders are a major contributor to the need for rehabilitation and can
benefit from rehabilitation.” Knee osteoarthritis (KOA) is one of the musculoskeletal diseases where rehabilitation is
essential. Acupotomy is found to have a beneficial effect in the treatment of KOA, and can improve joint pain and
regulate cartilage degeneration.® ® However, most KOA treatments using acupotomy focus on the patellar tendon, and
emphasize the exercise of the quadriceps muscle.”® Gastrocnemius also plays an important role in the stability of the
knee joint. Gastrocnemius recession has been shown to improve knee extension with total knee arthroplasty knee flexion
contracture.’ Therefore, it is necessary to consider the role of gastrocnemius in KOA. Gastrocnemius is closely related to
the musculature bladder meridian in the theory of traditional Chinese medicine (TCM). Hence, in this study, we focused
on the therapeutic effect of treating KOA at the sinew points on the musculature bladder meridian.

In TCM theory, the “sinew-bone balance” is an important guarantee to maintain the normal function of joints. It is
mentioned in Su Wen from the Huang Di Nei Jing that “all sinews belong to the joint” and “the knee is a gathering
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place of sinews.” Therefore, “imbalance of sinews and bones” is the key pathogenesis of KOA. Damage to either
bones or sinews is bound to affect the other. KOA patients have a high proportion of lesions in the musculature bladder
meridian, which need to be treated. Therefore, we selected three sinew points on the musculature bladder meridian that
are located on the gastrocnemius and near the knee joint, namely Heyangci, Heyangnei, and Heyangwai, collectively
referred to as Sanheyang. This experiment studied the therapeutic effect of acupotomy at Sanheyang in rabbits with
moderate KOA. The rabbit model of knee osteoarthritis was set up using the mono-iodoacetate (MIA) method.'® Since
this study mainly focuses on the structural damage of cartilage and articular pain, the histological and morphological
changes of knee joint caused by MIA model are similar to those of human osteoarthritis and it is suitable for the study
of both aspects.''

KOA often results in cartilage wear and degeneration. When articular cartilage is damaged, collagen prototype II
(COL-II), the most important collagen in cartilage, is reduced.'*'* Matrix metalloproteinase 13 (MMP13) in the cartilage
matrix is a key enzyme in the decomposition of Col-IL.'*!'> The changes in Col-II and MMP13 are observed to explore
the degree of cartilage degeneration. In addition, integrin has been proved to be a mechanical sensitive factor, and
chondrocyte surface contains more integrin heterodimers that contain B1 subunit.'®!” The changes of ITG-B1 often reveal
the abnormal stress of articular cartilage. In this study, we observed whether the acupotomy treatment done at Sanheyang
could relieve joint pain and improve the range of joint motion in rabbits with KOA. The present study also sought to
investigate the cartilage morphology and the changes in Col-II, MMP13, and ITG-B1 in the joint, to determine whether
the treatment had a certain protective effect on the knee cartilage.

Materials and Methods

Experimental Design

The experiment was approved by the Animal Ethics Committee of the Beijing University of Chinese Medicine (Ethics
Reference No. BUCM — 4 — 2020112003 - 4070). The animals were raised in the Experimental Animal Center of
Liangxiang Campus, Institute of Traditional Chinese Medicine, Beijing University of Chinese Medicine. In this research,
36 male New Zealand white rabbits (six months old) were randomly divided into three groups: the model group, the
acupotomy group, and the control group. The rabbits in the model group and acupotomy group were administered MIA
(Sigma, St. Louis, USA) at the knee joint. All the rabbits were fed flexibly for a week and had free access to food and
water. Rabbits in the model group and acupotomy group were injected with 0.2 mL of MIA solution in the right knee.
Rabbits in the control group were injected with 0.2 mL normal saline. Two weeks after modeling, six rabbits from each
group were randomly selected for two weeks of treatment and another six rabbits were selected for four weeks of
treatment. Only the acupotomy group received acupotomy treatment, while the model and control groups underwent the
same fixation and grasping procedure. All the rabbits were sacrificed after treatment, at two weeks (each group: n = 6)
and 4 weeks (each group: n = 6), respectively. In each of the following specific experiments, the number of rabbits in
each group was 6 in each time period.

Rabbit Model of KOA

Rabbits were anesthetized with intramuscular injection of Zoletil®50 (1 mL/kg) in the left gluteus maximus. The
MIA solution used for the model group and acupotomy group was made by dissolving MIA with 0.2 mL normal
saline at 2.5 mg/kg. After being anesthetized completely, the rabbits were placed in the supine position and the hair
at the right knee joint was shaved. The knee joint was flexed to around 60°. The knee joint area was disinfected with
iodophor, and a surgical hole towel was placed. The needle was inserted from the depression below the lateral
patellar ligament at an angle of about 45° between the needle and the femoral extension line, and the MIA solution
was injected into the knee joint cavity. The area was pressed with a cotton ball for 2 minutes to stop bleeding. The
rabbit knee joint was gently passively flexed and extended 10 times, so that the solution infiltrated into the knee
cavity. For 2 weeks after modeling, rabbits were made to run for 30 minutes every day; the feeding and other

conditions remained unchanged.
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Acupotomy Therapy

The rabbits in the acupotomy group received acupotomy therapy every three days. During the treatment, the rabbits were
fixed in the prone position in the rabbit-fixture, the hair in the popliteal fossa at the rear of the right knee joint and right
posterior calf was shaved, and the entire area was disinfected with iodophor. The three sinew points in the musculature
bladder meridian (Heyangci: at the back of the calf, below the midpoint of the lower margin of the popliteal fossa, at the
level of the lower margin of the flat fibular head; Heyangnei: at the posterior side of the calf, inside and above the
Heyangci, the lower margin of the popliteal fossa; Heyangwai: at the back of the calf, the lower margin of the popliteal
fossa, the inside of the fibula capitula) (Figure 1A(D) were located by palpation of the calf. The operator wore sterile
gloves and used a disposable sterile acupotomy needle-knife (0.4 x 40 mm, Jiangsu Huayou Medical Devices Co Ltd) for
the treatment. The blade was run parallel to the gastrocnemius muscle, and the acupotomy needle-knife was inserted
vertically (Figure 1A®) and B). After the needle-knife entered about 5 mm of the muscle layer, the sinew points were
dredged longitudinally thrice (Figure 1C). After the procedure, the area was pressed with a sterile cotton ball for 1 min to
stop bleeding. All the rabbits convalesced in the cage under the same conditions as before and they were not made to run
as in the modeling phase.

Heyangnei

Heyangci

Gastrocnemius

40mm (sagittal section)

0.4mm

Figure | (A) O The positions of the 3 sinew points for treatment are shown, the diamond marks the position of the popliteal fossa contour, the blue line marks the medial
gastrocnemius, and the red marks the lateral gastrocnemius. @ Direction of the acupotomy. (B) The acupotomy specification drawing. (C) The simple diagram of the
operation of acupotomy at sinew points.
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Behavioral Assessment

We used electronic weighing scales to measure the weight of the rabbits before and after modeling and after
treatment. After the treatment, pain scores were measured according to the assessment criteria of the modified
Lequesne index'® (criteria for evaluation: 0 points for no pain; 1 point for only after walking some distance; 2 points
for early after initial walking and increasingly with continued walking; 3 points for after initial walking, not
increasingly). The pain score was calculated by averaging the scores evaluated by two researchers. All rabbits
were anesthetized in the same manner as modeling prior to sampling. After complete anesthesia, the rabbits were
placed in the left decubitus position. One researcher fixed the hip joint and passively moved the right knee joint, while
the other researcher measured and recorded the maximum range of knee joint motion angle using a digital protractor
(2176-200, Insize). The joint motion angle was measured three consecutive times and recorded, and the average value
was taken for statistical calculation. The researchers who measured the experimental data were blind to the present
study.

Histopathological Analysis

Rabbits were sacrificed by injecting Zoletil®50 (3 mL/kg) into the ear vein. The lateral condyle of the femur of the right
knee was fixed with 4% paraformaldehyde for 72 h, and then put into EDTA decalcifying solution (PH 7.2, E1171,
Solarbio) until the decalcification was complete. After decalcification, the femoral condyle was amputated, and paraffin
embedded for sagittal observation. The section thickness was set to 6 um.

The sections were stained with Safranin O/Fast Green (G1371, Solarbio) and the Mankin score'® was calculated after
observation to evaluate the cartilage injury of the right knee joint. Masson (G1340, Solarbio) staining was used to
observe collagen in cartilage, and Image Pro Plus 6.0 (IPP 6.0) was used to calculate the area of blue staining region in
cartilage. Two researchers evaluated the scores and the calculation of the blue staining area, and the average values were

taken for statistical analysis.

Immunohistochemical Analysis

All immunohistochemical sections were heated at 65°C for 1 h. After dewaxing and rehydration, sodium citrate
antigen repair solution was used for antigen repair in a 98°C water bath for 25 min. They were rinsed with
Phosphate Buffer Saline (PBS) thrice, for 5 min each time. The primary antibody (Col-II: Proteintech Cat#
28459-1-AP, RRID: AB 2881147, MMP 13: Proteintech Cat# 18165-1-AP, RRID: AB 2144858; ITG-B1: Bioss
Cat# bs-0486R, RRID: AB_10856339) was incubated at 4 °C overnight, then rewarmed at room temperature for 1
h and rinsed with PBS. The second antibody (ZSGB-Bio Cat# PV-6001, RRID: AB 2864333) was incubated at
37 °C for 25 min. After rinsing with PBS, DAB (DA1010, Solarbio) was stained for 7 min. Finally, the nuclei were
stained with hematoxylin for 5 min and differentiated for 10s. After gradient alcohol and xylene, the tablets were
sealed with neutral gum. For each section, the cartilage area at tibiofemoral joint was selected for 40X field
observation under the microscope. IPP 6.0 was used to calculate the sum of integrated optical density (IOD) of Col-
IT and MMP13 and the average optical density (AOD) of ITG. The mean values of the results were calculated by two

experimenters.

Real-Time Quantitative Polymerase Chain Reaction (RT-qPCR)

The medial femoral condylar cartilage of the rabbit’s right leg was taken, and total mRNA was extracted with Trizol
(15596026, Ambion, America). Total mRNA was reversely transcribed into cDNA using the RevertAid First Strand
cDNA Synthesis Kit (K1622, Thermo Scientific, America). Finally, RT-qPCR was performed thrice using the CFX
Connect™ fluorescence quantitative PCR instrument with the PowerUp'™ SYBR™ Green Master Mix (A25742,
Thermo Scientific, America). The sequences of gene primers (Sangon Biotech Co., Ltd. Shanghai) used for measurement
are shown in Table 1. Glyceraldehyde 3-phosphate dehydrogenase mRNA was used as an endogenous control. Relative

transcript levels of mRNA were reported using the 22T method.
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Table | The Gene Primers

Gene F/IR Primers (5’ to 3’)

COL2A| Forward CCCAGAACATCACCTACCA
Reverse CAGTCTTGCCCCACTTACC

MMP13 Forward TGCGGGAATCCTGAAGAAGAATGC
Reverse TCAAGTTTGCCTGTCACCTCTAAGC

ITG-BI Forward GCCATCCAGACGACATAGAGAATCC
Reverse TGCCTTTGCTACGGTTGGTGAC

GAPDH Forward ACTCTGGCAAAGTGGATGTTGTCG
Reverse CCGTGGGTGGAATCATACTGGAAC

Statistical Analysis

Statistical analysis was done using IBM SPSS 20.0 (IBM, Chicago, IL, USA) software. Measurement data are expressed as mean

+ standard deviation (X £ s). If the data conformed to the normal distribution and the homogeneity of variance, the two groups of

data were compared by #-test, and the multiple groups of data were analyzed by one-way ANOVA with least significant difference

(LSD) test. Otherwise, the two groups of data were compared by Mann—Whitney test, and the multiple groups of data were

analyzed by independent-samples Kruskal-Wallis test. P < 0.05 was considered to be statistically significant.

Results

Acupotomy at Sanheyang Improved Joint Pain and Range of Motion in Rabbits with

KOA

There was no statistical difference in the initial body weight (Figure 2A) of the rabbits between each group at each time

point. The rabbits in the acupotomy group and model group lost weight after modeling, but there was no statistical
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Figure 2 (A) The broken line chart of body weight at different time points during different treatment periods in each group. (B) The pain scores of each group show that
acupotomy treatment could relieve pain in rabbits with KOA. (C) Quantitative analysis of range of motion shows that acupotomy therapy can improve the limited motion of
KOA rabbits. Compared with the control group during the same time period, *P is < 0.05; compared with the model group during the same time period, “P is < 0.05.
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difference in the degree of weight loss. However, the body weight of the rabbits in the control group increased and the
degree of weight gain was significantly higher than that of the acupotomy group (2/4 weeks of treatment: P < 0.0001) and
model group (2/4 weeks of treatment: P < 0.0001). From completion of modeling to the end of the treatment, the weight
of rabbits in all groups increased. But the weight gain of rabbits in the acupotomy group was significantly higher than
that of the control (2 weeks of treatment: P < 0.0001; 4 weeks of treatment: P = 0.002) and model (2 weeks of treatment:
P < 0.0001; 4 weeks of treatment: P = 0.038) groups, and there was no significant difference between the control and
model groups. This was seen in both treatment durations. In addition, we compared the body weight before modeling and
after treatment with the two treatment durations, and found that the weight gain of the model group was significantly
lesser than that of the control group (2 weeks of treatment: P < 0.0001; 4 weeks of treatment: P = 0.0003) and the
acupotomy group (2/4 weeks of treatment: P < 0.0001). However, the weight gain of the control group was significantly
higher than that of the acupotomy group after 2 weeks of treatment (P = 0.035), while there was no significant difference
between the two groups after 4 weeks of treatment. With respect to the pain score (Figure 2B), the scores in the model
group were higher than the acupotomy group (2 weeks of treatment: P = 0.037; 4 weeks of treatment: P = 0.038) and the
control group (2 weeks of treatment: P = 0.002; 4 weeks of treatment: P = 0.001) during the same period, but there was
no statistical difference between the acupotomy group and the control group.

After 2 weeks and 4 weeks of treatment, the range of motion (Figure 2C) in the control group was significantly higher
than that of the acupotomy group (2 weeks of treatment: P = 0.025; 4 weeks of treatment: P < 0.0001) and the model
group (2 weeks of treatment: P = 0.0002; 4 weeks of treatment: P < 0.0001), while the degree of joint movement in the
acupotomy group was significantly higher than that of the model group (2 weeks of treatment: P = 0.034; 4 weeks of
treatment: P < 0.0001). There was no difference in range of motion between the control group after 2 weeks of treatment
and after 4 weeks of treatment. The same situation was observed in the acupotomy group. The range of motion in the
model group after 4 weeks of treatment was significantly lower than that in the model group for 2 weeks (P = 0.0005).

Changes Were Observed in the Articular Cartilage

By observing the Safranin O/Fast Green-stained sections (Figure 3A), we found that the thickness of cartilage in all
control groups was normal, the surface was regular, the chondrocytes were evenly arranged, the matrix was uniformly red
stained, and the tide line was clearly visible. After 2 weeks of treatment, the model group showed cartilage layer wear,
irregular surface, chondrocytes were few and clustered, the fading degree of matrix was more serious, and tide lines were
barely discernible. Compared with the model group, the acupotomy group retained more cartilage, the surface was
relatively flat, the matrix was less faded, and the tide line basically disappeared. After 4 weeks of treatment, the model
group cartilage wear was more severe, the chondrocytes were disordered, the matrix fading was severe, and the tide line
disappeared. While the cartilage layer was preserved more and the red staining of the matrix remained more in the
acupotomy group, the arrangement of cells was chaotic, and the tide line disappeared. After the completion of the
treatment stage, the Mankin score of the model group was significantly higher than that of the acupotomy group (2 weeks
of treatment: P = 0.001; 4 weeks of treatment: P < 0.0001) and the control group (2/4 weeks of treatment: P < 0.0001),
and the score of the acupotomy group was significantly higher than that of the control group (2 weeks of treatment: P =
0.001; 4 weeks of treatment: P < 0.0001) (Figure 3B).

Masson staining (Figure 4A) showed that the cartilage of the model group and acupotomy group was severely worn
and the blue staining was lighter than that of the control group in the corresponding period. The cartilage wear of the
model group was more serious than that of acupotomy group. By analyzing and comparing the blue staining area of the
cartilage in each group with Masson staining (Figure 4B), we found that at the corresponding period the blue stain area in
the control group was significantly larger than that in the acupotomy group (2 weeks of treatment: P = 0.011; 4 weeks of
treatment: P = 0.0004) and model group (2 weeks of treatment: P = 0.0002; 4 weeks of treatment: P < 0.0001), while the
blue stain area in the acupotomy group was only significantly larger than that in the model group only after 4 weeks of
treatment (P = 0.0004). Compared with the two time points, only the blue staining area of the model group decreased
significantly (P = 0.025).
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Figure 3 (A) 1-6: Safranin O/fast green staining. The black arrow points to cartilage damage, the white arrow points to the discoloration of the matrix, the triangle marks the
position of the tide line. All pictures use the scale in the image (®. (B) Mankin scores show that the morphology of cartilage is better in the acupotomy group, and the model
group progressed more severely over time. Compared with the control group during the same time period, *P is < 0.05; Compared with the model group during the same
time period, “P is < 0.05.

More Retention of Col-Il and Higher mRNA Expression of Col-ll in MIA Rabbit
Cartilage After 4 Weeks of Treatment

Irrespective of 2 weeks or 4 weeks of treatment, the immunohistochemistry showed that the sum of IOD of Col-II
(Figure 5A and B) was significantly higher in the control group than in the acupotomy group (2 weeks of treatment: P =
0.0004; 4 weeks of treatment: P = 0.009) and the model group (2 weeks of treatment: P < 0.0001; 4 weeks of treatment:
P <0.0001). It was significantly higher in the acupotomy group than in the model group after 4 weeks of treatment (P =
0.012), but there was no significant difference after 2 weeks of treatment.

While the mRNA expression of COL-II (Figure 5C) in the model group was significantly lower than that in control
group (2 weeks of treatment: P < 0.0001; 4 weeks of treatment: P = 0.002) during the same period. But there was no
statistically significant difference when comparing the mRNA expression of COL-II in the acupotomy group with the
model group and control group at both points in time. The mRNA expression of COL-II in the acupotomy group was
significantly higher than that in the model group only after 4 weeks of treatment (P = 0.045). Comparing the mRNA level
after 2 weeks with 4 weeks of treatment, the Col-IIl mRNA in the model group (P = 0.041) and the acupotomy group (P =
0.031) were significantly increased.
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The Treatment Reduced the Abnormally High Expression of MMP |3 and

Corresponding mRNA in KOA Rabbits

In the same treatment phase, the sum of IOD of MMP 13 (Figure 6A and B) in the model group was significantly higher
than that in the acupotomy group (2 weeks of treatment: P = 0.001; 4 weeks of treatment: P = 0.0004) and the control
group (2/4 weeks of treatment: P < 0.0001), while it was significantly higher in the acupotomy group than in the control
group (2 weeks of treatment: P = 0.04; 4 weeks of treatment: P = 0.04).

RT-gPCR experiments showed the mRNA expression of MMP 13 (Figure 6C) in the model group was significantly
higher than that in the control group (2 weeks of treatment: P = 0.001; 4 weeks of treatment: P = 0.003), whereas there
was no significant difference in MMP 13 mRNA expression between the acupotomy group and control group. Compared
with the model group, the mRNA expression of MMP 13 was significantly lower in the acupotomy group (2 weeks of
treatment: P = 0.036; 4 weeks of treatment: P = 0.003).

ITG-BI and Corresponding mRNA of KOA Rabbits Increased at 4 Weeks After
Successful Modeling

There was no significant difference in the AOD of the ITG-B1 in each group after 2 weeks of treatment, whereas after 4
weeks of treatment, the AOD of the integrin f1 in the model group was significantly higher than that in the acupotomy
group (P = 0.032) and the control group (P = 0.003), but there was no significant difference in the expression between the
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acupotomy group and the control group. The AOD of the model group at 4 weeks was significantly higher than that at 2
weeks (P = 0.005), see Figure 7.

There was no significant difference in the mRNA expression of ITG-f1 among the three groups after 2 weeks of
treatment. But the mRNA expression of ITG-B1 in the model group was significantly higher than that in the acupotomy
group (P = 0.002) and the control group (P = 0.001) after 4 weeks of treatment. The mRNA expression of the model
group was also higher at 4 weeks than at 2 weeks of treatment (P = 0.0004).

Discussion
Osteoarthritis is a multi-factor degenerative disease, and recovery from cartilage damage is difficult. Therefore, delaying
the progression of the disease and carrying out therapeutic intervention for patients as soon as possible are the keys to
protect cartilage.”® Studies have shown that high knee extensor strength did not protect against the development of
symptomatic KOA.*' It has been shown that gastrocnemius activation affects knee adduction moment in patients with
KOA and gastrocnemius properties are also affected by foot posture in patients with KOA.**** Therefore, it is important
to pay attention to the role of the flexor calf muscle in maintaining the stability of the knee joint. Research has shown that
patients with more severe KOA are more likely to have changes in the Achilles tendon, which may be related to reduced
gastrocnemius strength.”* The conventional acupotomy therapy for KOA often focuses on the release of the ligament and
tendon around the patella. However, the role of the flexor calf muscle in maintaining the stability of the knee joint should
also be emphasized. As per the theory of “sinew-bone balance” in TCM, we treated bone disease from the sinews. This
study focused on the sinew points located on the musculature bladder meridian and on the gastrocnemius. We found that
acupotomy on the Sanheyang could delay the progression of arthritis and relieve pain in KOA rabbits.

There is evidence that the body weight of rabbits changes in response to pain.?>® In this study, we used the change in
body weight along with the pain score to evaluate KOA pain symptoms in rabbits. The knee joint pain was obvious after
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Figure 6 (A) 1-6: The immunohistochemistry staining of MMP |3; MMP |3 staining of the model group, acupotomy group, and control group depicted from more to less.
All pictures use the scale in the image ©. (B) Quantitative analysis of the IOD of MMP |3. (C) The mRNA levels of MMP 3. Compared with the control group during the
same time period, *P is < 0.05; Compared with the model group during the same time period, “P is < 0.05.

the injection of MIA-induced KOA in rabbits. The degree of joint pain could be alleviated by releasing Sanheyang with
acupotomy. After 2 weeks of treatment, the rabbit body weight of the acupotomy group did not return to the level of the
control group but could reach the level of the control group after 4 weeks of treatment, while the weight of the model
group did not recover to the level of the control group. Research has shown that gastrocnemius recession can relieve knee
flexion contracture.” The rabbits in the acupotomy group also showed improvement in range of motion. This study
suggests that this treatment improved the pain symptoms and joint motion limitation caused by arthritis in KOA rabbits,
and the range of joint motion could have been more restricted without treatment.

Observation of the cartilage structure showed that the femoral condylar cartilage of rabbits in the model group was
severely worn and reached the level of moderate KOA, while the degree of cartilage damage in the acupotomy group was
significantly lesser, and more of the matrix red staining was retained. The cartilage structure damage of both groups
further aggravated over time. Col-II and collagenase MMP13 are the indicators that show the structure and destruction of
articular cartilage better, so we chose to detect these 2 typical indicators in this study to reveal the therapeutic effect of
acupotomy on KOA. The protein and mRNA expressions of Col-II in the cartilage were significantly higher in the
acupotomy group than in the model group only after 4 weeks of treatment, which was consistent with the blue staining
area of the cartilage shown by Masson staining. However, the protein and mRNA expression of MMP 13 were
abnormally increased in both time periods in the model group, while the expression levels of MMP 13 were significantly
lower in the acupotomy group. After treatment, the improvement in MMP 13 appeared earlier while the improvement in
collagen was relatively late. This suggests that acupotomy at Sanheyang could inhibit the expression of MMP 13 and
further ensure the retention of more COL-II in cartilage.

In this study, we also found that the Col-IIl mRNA expression in KOA rabbits increased significantly after 4 weeks of
treatment than after 2 weeks, but the IOD value did not change. However, the IOD results showed that MMP 13
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with the model group during the same time period, “P is < 0.05.

expression in the model group decreased after 4 weeks compared with 2 weeks, while the mRNA expression showed no
significant difference. We hypothesize that increased MMP13 expression damages COL-II during KOA, while articular
cartilage tends to increase Col-II expression to compensate for cartilage injury. It can be observed that MMP 13
expression at mRNA level was always higher than normal during the progression of KOA, which caused the cartilage
collagen to continuously decompose and cartilage to be further damaged. The total amount of MMP13 protein in
cartilage decreased when the cartilage layer became thinner and worn. Similarly, the total amount of COL-II protein did
not increase due to cartilage loss. In conclusion, the IOD value of the corresponding protein expression was also related
to the retention of chondrocyte and cartilage matrix.

At the end of 4 weeks of treatment, we observed an abnormal increase in ITG-B1 in the model group. In vitro studies
found that arthritic chondrocytes increased ITG-p1.>” Studies have also shown that ITG-p1 mediates the adhesion of
chondrocytes to cartilage and blocking ITG-p1 significantly increases cell detachment from cartilage.”®° This suggests
that the expression of ITG-B1 in cartilage should be maintained at a certain level. ITG-B1 is an indispensable part of
sensing mechanical forces and conducting subordinate responses, but its excessive increase may lead to further cartilage
damage. In this research, after 4 weeks of treatment, the model group showed an abnormal increase in ITG-B1, while the
acupotomy group maintained the same level as the control group. This suggests that our treatment could maintain [TG-B1
levels relatively equal to those of normal cartilage. A study has demonstrated that ITG-B1 chondrocyte occurs in
metabolically active chondrocytes based on cell cycle analysis, which showed a significantly high percentage of active
chondrocytes (S phase) in the maximum-damaged zone.*® This suggested that the articular cartilage of KOA rabbits in
the model group was in a state of massive cartilage damage accompanied by active metabolism of chondrocytes after 4
weeks of treatment, so the abnormal increase of ITG-B1 could be detected. The degree of articular cartilage injury in
acupotomy group was lighter, and the metabolic state of cells was relatively stable, so there was no abnormal expression
of ITG-B1. We could not determine whether the abnormal increase in ITG in the model group was a response to the
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body’s attempt to repair cartilage and whether this response accelerated the progression of arthritis. Specific experiments
are needed to further explore this issue.

Moreover, studies have shown that integrins combine with extracellular matrix ligands on the outside of chondrocytes
to form focal adhesion complexes, selectively converting the response force signals into the cells, and in turn transmitting
the force signals experienced in the cells to the extracellular matrix.>' Focal adhesion complex can activate focal
adhesion kinase (FAK) and then activate a series of downstream signaling molecules mediated by it, among which
FAK has been confirmed to activate the mitogen-activated protein kinase (MAPK) pathway.*? The activation of
p38MAPK signaling pathway in MAPK signal transduction pathway plays a key role in inducing MMP13
expression.>® Therefore, the high expression of ITG-B1 in KOA rabbits in the model group may induce the excessive
expression of MMP13 through FAK-p38MAPK pathway, resulting in the decomposition of Col-II, and eventually leading
to the continuous aggravation of cartilage damage. Acupotomy at “Sanheyang” can prevent the over-expression of ITG-
B1 by adjusting the mechanical balance of sinews and bones and may inhibit activation of FAK-p38MAPK pathway,
thereby reducing MMP13 expression and Col-II loss.

KOA is a chronic injury disease affecting the quality of life of patients. Acupotomy has certain advantages in treating
KOA due to higher acceptability and less pain.***> KOA is known to be associated with flexion contracture, and
unilateral flexion contracture adversely affects the contralateral knee joint.>*>* We found in our experiment that the
range of motion of the knee reduced in KOA rabbits. Therefore, it is necessary to relieve the contracture state. The
musculature bladder meridian is described as passing behind the knee and treating the popliteal fossa contracture in
TCM. This function is performed by the Sanheyang located on the musculature bladder meridian and on the gastro-
cnemius, which is an important flexor. In addition to the direct release of muscles, acupotomy treatment at Sanheyang can
also improve the knee joint function through meridian-sinew and plays a role in improving various factors in the
cartilage. The changes of ITG-B1 in the results of this study suggest that the cartilage in rabbits with KOA was
abnormally stressed, and acupotomy treatment could regulate the abnormal expression of ITG-B1. This study demon-
strated that acupotomy at Sanheyang could reduce the expression of MMP 13 in moderate KOA to protect Col-II as much
as possible and slow the progression of moderate KOA to a more aggressive form by regulating the mechanical state of
the knee joint. At the same time, our study showed that electroacupuncture and acupuncture improved pain and joint

function, which was partly mediated by reduction in MMP 13.*

Likewise, this treatment of acupotomy also showed
a reduction in MMP 13, as well as an alleviation in moderate KOA pain and joint limitation. This suggests that
acupotomy therapy could delay the progression of moderate KOA by solely targeting the sinews of the musculature

bladder meridian on the gastrocnemius.

Conclusion

Acupotomy at Sanheyang protected Col-II in cartilage by reducing MMP 13 expression in KOA and protected the
cartilage structure to a certain extent, to relieve joint pain and improve restricted joint mobility. A probable explanation is
that the process of this acupotomy treatment is related to the conduction of mechanical force and improving the abnormal
stress state of the knee joint, and ITG-B1 may play a role in this. Our results provide evidence that acupotomy at the
sinew points on the gastrocnemius can delay the progression of moderate KOA, and this can contribute to the prevention
and treatment of moderate KOA from multiple aspects.

Data Sharing Statement

The datasets used and/or analysed during the current study available from the corresponding author on reasonable
request. We declared that materials described in the manuscript, including all relevant raw data, will be freely available to
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The experiment was approved by the Animal Ethics Committee at Beijing University of Chinese Medicine (Ethics
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Research,*” that is: Replace animal experiments with alternatives where possible, Reduce the number of animals used to
a scientifically justified minimum and Refine the procedure to minimize animal harm.
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