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A B S T R A C T   

Introduction: Knee osteoarthritis (KOA) is a type of joint disease causing degenerative changes that 
are challenging to treat. The improved tug-of-war acupuncture (BHZF) can improve joint pain in 
KOA. However, the associated mechanism has not been validated. 
Methods: The KOA rabbit model was established. After the surgery, the improved BHZF was 
provided as an intervention, and the animals were euthanized after 2 weeks. Histopathological 
changes in the synovium and cartilage were observed on hematoxylin & eosin staining and 
Safranin O-Fast Green staining. Synovial fluid and serum samples were collected to assess the 
presence of cytokines using the enzyme-linked immunosorbent assay. The expression of M1 
macrophage (CD86) and M2 macrophage (ARG1) markers in the cartilage and synovium was 
detected via immunohistochemistry and immunofluorescence assays. 
Results: The improved BHZF could reduce KOA-related pain and inhibit joint swelling. Further, it 
significantly maintained the morphology of articular chondrocytes in KOA and reduced the 
decomposition of the cartilage matrix. Then, it significantly reduced the expression of CD86- 
positive cells (P < 0.05), and increased the expression of ARG1-positive cells in the cartilage 
and synovium (P < 0.05). Moreover, it significantly decreased the expression of inflammatory 
factors interleukin (IL)-1 beta and tumor necrosis factor-alpha in the serum and synovial fluid (P 
< 0.05), and significantly increased the expression levels of anti-inflammatory cytokines IL-4 and 
IL-10 (P < 0.05). 
Conclusions: The improved BHZF can relieve pain and improve cartilage damage by regulating 
macrophage polarization in KOA.   

1. Introduction 

Knee osteoarthritis (KOA) is a type of chronic arthritis characterized by joint pain, deformation, and limited movement, with 

* Corresponding author. Department of Orthopedics, the First Affiliated Hospital of Guangdong Pharmaceutical University, No. 19 Nonglin Xia 
Road, Guangzhou, 510000, Guangdong, China. 

E-mail address: chong181@126.com (H. Chang).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2024.e25495 
Received 19 June 2023; Received in revised form 8 January 2024; Accepted 29 January 2024   

mailto:chong181@126.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e25495
https://doi.org/10.1016/j.heliyon.2024.e25495
https://doi.org/10.1016/j.heliyon.2024.e25495
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 10 (2024) e25495

2

degenerative changes and articular cartilage destruction, which are the main pathological manifestations [1,2]. Due to the limited 
self-healing ability of the articular cartilage, if a lesion develops, its pathological changes are often irreversible, which can have a major 
impact on the work and life of patients [3]. With the acceleration of the China’s population aging process, the incidence rate of KOA 
has been increasing, and this is significantly associated with heavy economic and social burdens. Macrophages are divided into two 
phenotypes (classic-activated macrophages [M1] and selective-activated macrophages [M2]) [4]. M1 and M2 can be transformed into 
each other, which is referred to as polarization. Macrophages can sense changes in the internal environment of the joint fluid [5]. M1 
initially produces inflammatory markers (specifically phagocytes), clears damaged tissues or invaders, and then polarizes to M2 to 
inhibit inflammation and promote bone and cartilage repair [6]. Chronic inflammatory reaction dominated by M1 has a major 
negative impact on bone and cartilage repair. Meanwhile, M2 macrophages secrete different anti-inflammatory factors, pro-vascular 
factors, and pro-bone formation factors to inhibit inflammation, regulate osteogenesis and chondrogenesis, and repair bone and 
cartilage damage [7]. 

The improved tug-of-war acupuncture (BHZF) is a unique method summarized by Professor Xie Guorong of Hunan University of 
Traditional Chinese Medicine based on his clinical experience [8]. Scholars used BHZF combined with the pushing and kneading of the 
patellar bone to treat KOA and achieve good clinical outcomes [9]. The current study used the improved BHZF against KOA. Results 
showed that this method was more effective than traditional treatment in improving clinical outcomes [10]. However, there is no study 
on the effect of the modified BHZF on macrophage polarization in KOA treatment. This study further explored the specific mechanism 
of macrophage polarization by evaluating the effects of BHZF on the pathological structure of the joint tissue and the expression of M1 
cytokines interleukin-1 beta (IL-1β) and tumor necrosis factor-alpha (TNF-α) in the synovial fluid and serum, and CD86 (M1 
macrophage marker) and arginase 1 (ARG1, M2 macrophage) in the cartilage and synovium of rabbits with KOA in BHZF-treated KOA. 

2. Materials and methods 

2.1. Experimental animals 

In total, 18 healthy male New Zealand White rabbits aged 6 months were obtained from Guangzhou Mingzhu Bio-technology Co., 
Ltd., and were divided into three groups. The rabbits were raised in an environment that was ordinary-grade and free of common 
infectious pathogens. The rabbits were kept in a temperature- and humidity-controlled chamber. They were kept separately in stainless 
steel cages with 12-h light/dark cycle using an automatic timer. The diet and husbandry were standardized. All rabbits had food and 
water available during the whole study period. The Ethics Committee of Huateng Biomedical Science Co., Ltd. (HTSW210910) 
approved this study. After the experiment, the rabbits were euthanized via the intravenous administration of 100 mg/kg of sodium 
pentobarbital (Sigma-Aldrich, St. Louis, MO, the USA). 

2.2. Reagents 

The new decalcification solution (quick decalcification) (Servicebio G1107), Safranine O-Fast Green solution for bone tissues 
(Servicebio G1053), CD86 polyclonal antibody (Abcam ab220188), antiliver arginase antibody (Abcam ab92274), goat antirabbit IgG 
horseradish peroxidase (Biosharp bl003a), rabbit interleukin-1 beta (IL-1β) enzyme-linked immunosorbent assay (ELISA) kit 
(CUSABIO CSB-E06900Rb), rabbit tumor necrosis factor-alpha (TNF-α) ELISA kit (CUSABIO CSB-E06998Rb), rabbit IL-4 ELISA kit 
(CUSABIO CSB-E06902Rb), and rabbit IL-10 ELISA kit (CUSABIO CSB-E06897Rb) were used. The rabbits received 2 g of papain 
(Biofroxx 1364gr005) with an electronic balance. Then, 48 mL of normal saline was added, and a 4 % papain solution was prepared. 
Then, the rabbits received 0.18 g of L-homocysteine (Biofroxx 1206gr025) with an electronic balance. Next, 50 mL of normal saline was 
added to prepare 0.03 mol/L of homocysteine solution. Finally, the papain solution and L-homocysteine solution were mixed in a 2:1 
ratio. 

2.3. Grouping and modeling of experimental animal models 

In the negative control (NC) group, 6 mL/kg of 0.7 % sodium pentobarbital solution was administered intravenously into the ear 
margin of the rabbits. After the administration of anesthesia, the hair on the left knee joint of the rabbits was removed with a shaver. 
After disinfection with alcohol, the knee joint of the rabbits was flexed to approximately 45◦. The needle was injected into the 
intercondylar fossa with the knee eye on the lateral edge of the patellar ligament of the knee joint, which is the needle entry point. If the 
needle reached the femoral joint surface, it was withdrawn at approximately 2 mm. Next, 0.1 mL of normal saline was injected into the 
joint cavity with a 1-mL syringe. After the injection, the bleeding point was pressed with a cotton ball, and the left knee joint was bent 
and stretched to completely absorb and infiltrate the whole joint cavity. Modeling was completed on the 1st, 4th, and 7th days, and a 
fresh drug solution was prepared on the same day for each modeling. To prevent infection, the principle of sterility was cautiously 
followed in the preparation and configuration of the molding solution. After the last injection, the rabbits were driven to exercise for 
30 min every day. For the rest of the time, they were free in the cage. Samples were taken 14 * 3 days after the first injection. 

In the model group (KOA, 14 days), the rabbits were injected with 0.7 % sodium pentobarbital solution at a dose of 6 mL/kg 
intravenously at the ear margin. After the administration of anesthesia, the hair on the left knee joint of the rabbits was removed with a 
shaver. After disinfection with alcohol, the knee joint of the rabbits was flexed to approximately 45◦. The needle was inserted into the 
intercondylar fossa with the knee eye on the lateral edge of the patellar ligament of the knee joint, which is the needle entry point. If the 
needle reached the femoral joint surface, it was withdrawn at approximately 2 mm. Then, 0.1 mL of the mixed solution (4 % papain 
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solution and L-homocysteine) was injected into the joint cavity with a 1-mL syringe. After the injection, the bleeding point was pressed 
with a cotton ball. The left knee joint was bent and stretched to completely absorb the solution and infiltrate the whole joint cavity. 
Modeling was completed on the 1st, 4th, and 7th days, and a fresh drug solution was prepared on the same day for each modeling. To 
prevent infection, the principle of sterility was strictly followed in the preparation and configuration of the molding solution. After the 
last injection, the rabbits were driven to exercise for 30 min every day. For the rest of the time, they were free in the cage. On the 14th 
day after the last injection, the Lequesne MG behavioral score of the knee joint was obtained. If the score was >4, the modeling was 
successful. Feeding was maintained for 14 * 2 days, and samples were then taken. 

In the treatment model group (BHZF + KOA), 6 mL/kg of 0.7 % sodium pentobarbital solution was administered intravenously into 
the ear margin of the rabbits. After the administration of anesthesia, the hair on the left knee joint of the rabbits was removed with a 
shaver. After disinfection with alcohol, the knee joint of the rabbit was flexed to approximately 45◦. The needle was inserted into the 
intercondylar fossa with the knee eye on the lateral edge of the patellar ligament of the knee joint, which is the needle entry point 
(BHZF). If the needle reached the femoral joint surface, it was withdrawn at approximately 2 mm. Then, 0.1 mL of mixed solution (4 % 
papain solution and L-homocysteine) was injected into the joint cavity with a 1-mL syringe. After the injection, the bleeding point was 
pressed with a cotton ball, and the left knee joint was bent and stretched to completely absorb the solution and infiltrate the whole joint 
cavity. Modeling was completed on the 1st, 4th, and 7th days, and a fresh drug solution was prepared on the same day for each 
modeling. To prevent infection, the principle of sterility was strictly followed in the preparation and configuration of the molding 
solution. After the last injection, the rabbits were driven to exercise for 30 min every day. For the rest of the time, they were free in the 
cage. On the 7th day after the last injection, the Lequesne MG behavioral score of the knee joint was obtained and sampled. If the score 
was >4, the modeling was successful. Then, the improved BHZF method was used for treatment. The surgical method was similar to 
that used in clinical practice. The selected points were equivalent to the heding point, Zusanli point, and inner and outer knee eye 
points of the human body. In conventional skin disinfection, a 0.3 × 25-mm filiform needle was used. Then, the needle entered from 
the upper pole of the patella, and it obliquely stabbed the back of the patella for 5 mm. The needle then entered from the Zusanli point, 
and it obliquely stabbed the knee joint by 10 mm. Flat toning and flat purging were applied, and the needle handle was held tightly 
with both hands, with the needle tips facing each other. Then, a 0.4 × 25-mm filiform needle was used. Next, the needle entered from 
both knee eyes and deeply stabbed the opposite side by 10 mm obliquely. The needle was filled and drained flat, and the hole was 
shaken if the needle was released. The needles at the abovementioned acupoints were kept for 30 min, and the needles were injected 
twice for 3 min each time, with flat toning and flat purging. The treatment course was once a day for 10 days. Then, the rabbits were 
allowed to rest for 3 days before the next treatment course. After two consecutive treatment courses, the materials were taken. 

2.4. H&E staining and Safranine O-Fast Green staining 

Hematoxylin & eosin (H&E) staining and Safranine O-Fast Green staining were performed according to the manufacturer’s in-
structions. Briefly, the knee articular cartilage of the rabbits was harvested and postfixed with 4 % paraformaldehyde. After demin-
eralization, the knee joint was cut on a paraffin microtome. Then, H&E staining (Servicebio G1076) and Safranine O-Fast Green 
staining (Servicebio G1053) were performed. 

2.5. IHC 

Before dewaxing, the tissue sections were placed at room temperature for 60 min or baked in an incubator at 60 ◦C for 20 min. 
Tissue sections were placed in xylene (10 min), absolute ethanol (5 min), 95 % ethanol (5 min), 70 % ethanol (5 min), phosphate- 
buffered saline (PBS; Gibco, Grand Island, the USA) (5 min), and PBS (5 min). Next, 3 % H2O2/PBS was used. The sample was 
then blocked at room temperature for 5–10 min, and washed three times with PBS for 2 min each time. Further, 0.01-M sodium citrate 
buffer solution (pH 6.0) was used to heat and boil for repair for 10–15 min. After heating, the solution was cooled at room temperature 
with tap water and was washed with PBS for 5 min. Then, a 5 % BSA blocking solution was added dropwise. Next, the solution was 
blocked at room temperature for 15 min. Primary antibodies including CD86 and ARG1 (1: 50; Abcam) were added dropwise and left 
overnight at 4 ◦C. The sample was washed three times with PBS for 2 min each time. Next, polymerized horseradish peroxidase-labeled 
antirabbit/mouse IgG secondary antibody was added dropwise and incubated for 1 h at room temperature. Then, it was washed three 
times with PBS for 2 min each time, developed using the diamino-benzidine (DAB) method, counterstained with hematoxylin for 20 s, 
and washed twice with distilled water for 2 min each time. The slices were placed into 50 %, 70 %, 80 %, 90 %, 95 %, and 100 % 
ethanol for dehydration for 2 min each time. Finally, they were placed into 100 % xylene for 10 min to achieve transparency. The slices 
with 50 μl of neutral resin were sealed and stored at room temperature. 

2.6. Immunofluorescence assay 

The sections of each group were dewaxed to water, autoclaved in saturated sodium citrate buffer (Merck, Darmstadt, Germany) for 
2 min, and then cooled to room temperature naturally. They were treated with 3 % hydrogen peroxide for 10 min, washed with PBS 
(Gibco, Grand Island, the USA), and blocked with 1 % bovine serum albumin (BSA; Sigma-Aldrich; Merck KGaA) for 30 min. Then, they 
were incubated with diluted primary antibodies against CD86 and ARG1 (1: 50; Abcam) overnight at 4 ◦C. After washing with PBS, the 
sections were incubated with diluted fluorescent secondary antibodies (1: 50; Abcam) for 1 h at room temperature. After washing with 
PBS, they were incubated with a drop of 4′,6-diamidino-2-phenylindole (Sigma) for 5 min, and treated with an antifluorescent bursting 
agent. After sealing, the results were evaluated and photographed using a fluorescence microscope (CX31-P; Olympus; Tokyo; Japan). 
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The ImageJ software (version 1.46: National Institutes of Health, Bethesda, MD, the USA) was applied to calculate the CD86 and ARG1 
positivity rates. 

2.7. ELISA 

The serum and synovial fluid samples were collected. The IL-1β, TNF-α, IL-4, and IL-10 expression was measured at an absorbance 
value of 450 nm according to manufacturer’s instruction. 

2.8. Evaluation indicators 

The Lequesne MG behavioral score: the knee joint and the overall status of the rabbits were assessed every day, and the changes in 
body weight were recorded. The Lequesne MG behavioral score of the rabbit’s knee joint could reflect the severity of knee joint 
dysfunction in general, and the score was proportional to the severity. If the total score was higher, the knee circumference and thigh 
circumference based on the knee joint function evaluation were worse. One day before the end of modeling, the peripheral diameter of 
the knee joint of the rabbits in each group was measured. After anesthetizing the rabbit, the hair on the thighs of the rabbits was 
removed, and the sample to be measured was straightened. Next, a thin line was wrapped around the thigh with the midpoint of the 
femur as the center, and the thin line was kept close to the skin without indentation. Next, it was marked, and the length of the thin line 
was measured as the circumference of the thigh. Knee joint diameter evaluation: One day before the end of the treatment, the knee 
joint diameter of each rabbit group was measured. After anesthetizing the rabbit, the hair around the knees of the rabbits was shaved, 
and the sample to be measured was straightened. Next, the vernier caliper was placed on both sides of the knee joint of the rabbits. The 
caliper was close to the skin on both sides of the knee joint without indentation. The vernier caliper was perpendicular to the plane of 
the knee joint, and the diameter of the knee joint based on the caliper reading was recorded. H&E staining and Safranine O-Fast Green 
staining were performed to detect joint pathology. The synovial fluid and serum samples were collected to detect M1-type cytokine IL- 
1β and TNF-α using ELISA. The IL-4, IL-10, and M2 cytokine expression was assessed. IHC was used to detect the expression of M1 
macrophage (CD86) and M2 macrophage (ARG1) markers in the cartilage and synovium. 

2.9. Statistical analysis 

The measurement data were expressed as means ± standard error of the mean. Statistical analyses were performed using the 
Statistical Package for the Social Sciences software version 22.0 (IBM, Chicago, IL, the USA). The Student’s t-test was used for group 
comparison. A P value of <0.05 was considered statistically significant. 

3. Results 

3.1. BHZF reduced pain and inhibited joint swelling in the KOA rabbit model 

The KOA rabbit models were constructed and then treated with BHZF. We found that the Lequesne MG behavioral score of the 
rabbits with KOA increased compared with that of the NC rabbits. The BHZF treatment decreased the Lequesne MG behavioral score of 
the rabbits with KOA (Fig. 1A). After modeling, the peripheral diameter and the knee joint diameter of the rabbits increased. After the 
BHZF treatment, the peripheral diameter and the knee joint diameter of the rabbits decreased (Fig. 1B and C). 

Fig. 1. Effect of BHZF on pain and swelling of KOA model rabbits. The KOA model rabbits were treated with BHZF. (A) The Lequesne MG 
behavioral score was assessed. (B) The circumference of the knee joint was examined. (C) The diameter of the knee joint was detected. *P < 0.05. 
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3.2. BHZF maintained the morphology of articular chondrocytes and reduced the decomposition of the cartilage matrix in the KOA rabbit 
model 

Subsequently, the pathological structure of the articular cartilage tissue and cartilage matrix was identified on H&E staining and 
Safranin O-Fast Green staining. H&E staining revealed that the articular cartilage surface of the NC group was basically flat, and the 
hierarchical structure was clear and complete. Moreover, the chondrocytes were evenly distributed, no clustering was found, and the 
tide line was clear. In the KOA group, the cartilage surface became thinner and coarser, and it even ruptured with disordered structures 
and irregular cracks. In the BHZF treatment group, the overall hierarchical structure of the articular cartilage was complete, and the 
cartilage surface became thin but flat. Moreover, the morphology and size of the chondrocytes were more likely to be normal, and the 
number slightly increased. A small number of clusters appeared in the shallow layer (Fig. 2A). Safranin O-Fast Green staining results 
revealed that the cartilage structure of the control group was normal, the cartilage matrix was rich, and Safranin O-Fast Green staining 
was the most evident. In the KOA group, a large amount of extracellular matrix was decomposed, and safranin staining was signifi-
cantly reduced compared with the control group. Compared with the KOA group, the cartilage matrix was slightly decomposed, and 
the degree of safranin staining was slightly increased in the BHZF treatment group (Fig. 2B). 

3.3. BHZF reduced the number of CD86-positive cells and increased the number of ARG1-positive cells in the cartilage and synovium in the 
KOA rabbit model 

Based on the IHC results, the number of CD86-positive cells in the bone and synovium of rabbits with KOA significantly increased 
compared with that in the NC rabbits. After the BHZF treatment, the number of CD86-positive cells significantly decreased in the bone 
and synovium in the rabbits with KOA (Fig. 3A). Similarly, the number of ARG1-positive cells in the cartilage and synovium of the KOA 
group significantly increased compared with that in the cartilage and synovium of the NC group. After the BHZF treatment, the number 
of ARG1-positive cells in the bone and synovium in the KOA rabbit model increased (Fig. 3B). More importantly, the immunofluo-
rescence results also confirmed that BHZF reduced the CD86 expression, which was elevated in the KOA rabbit model (Fig. 3C). 
Moreover, BHZF also increased the ARG1 expression in the KOA rabbit model (Fig. 3D). 

3.4. BHZF reduced the expression levels of inflammatory factors IL-1β and TNF-α and increased the levels of anti-inflammatory factors IL-4 
and IL-10 in the serum and synovial fluid of rabbits with KOA 

As shown in Fig. 4A, the expression level of inflammatory factors IL-1β and TNF-α in the serum of the KOA group was higher than 
that of the NC group. The IL-4 and IL-10 expression levels increased significantly. After the BHZF treatment, the serum inflammatory 
factors IL-1β and TNF-α decreased significantly. However, the expression of anti-inflammatory factors IL-4 and IL-10 continually 
increased significantly. Fig. 4B depicts that the inflammatory factors IL-1β and TNF-α in the synovial fluid of the KOA group was higher 
than that of the NC group. The IL-4 and IL-10 expression levels increased significantly. After the BHZF treatment, the expression levels 
of inflammatory factors IL-1β and TNF-α in the synovial fluid decreased significantly. Nevertheless, the expression levels of anti- 
inflammatory factors IL-4 and IL-10 continually increased significantly. 

Fig. 2. Effect of BHZF on cartilage recovery of KOA model rabbits. The KOA model rabbits were treated with BHZF. (A) The pathological 
structure of articular cartilage was assessed by H&E staining. (B) The cartilage matrix was examined using Safranin O-Fast Green staining. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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4. Discussion 

The knee joint is a joint in the human body that is used to bear weight frequently. It relies on the soft tissue structures (muscles, 
ligaments, and bursa) around the bone and joint to maintain the stability of the joint and perform daily activities [11]. It is vulnerable 
to various pathological factors such as rheumatism cold evil and accumulated fatigue injury. The pathological mechanism of KOA is 
not clear in modern medicine. It is commonly believed that pain, limited movement, and other joint diseases cause degenerative 
changes inside and outside the knee joint [12]. In traditional Chinese medicine, it has been categorized as arthralgia and bone 
arthralgia, which commonly occur in patients aged >50 years and those with heavy weight [13]. Traditional Chinese medicine be-
lieves that the internal cause of the disease is the gradual decline of kidney qi and the deficiency of liver and kidney essence and blood 
at approximately 50 years of age [14]. Based on previous studies [8,9], the BHZF method was used for treating KOA (as shown in the 
grouping and modeling of experimental animal models in the Materials and Methods section). The acupoints selected for this process 
are the Heding point, Zusanli point, and medial and lateral knee eye points. Among them, the Heding point is located at the top of the 
knee. Meanwhile, the Zusanli point is located near the knee. Hence, it can relax the tendons and joints and dredge the channels and 

Fig. 3. Effect of BHZF on M1/M2 macrophages in bone and synovium of KOA model rabbits. The number of CD86-positive cells (A) and ARG1- 
positive cells (B) was detected by IHC assay in bone and synovial tissue of the KOA model rabbits after BHZF treatment. The expressions of CD86 (C) 
and ARG1 (D) were monitored by IF staining in bone and synovial tissue of the KOA model rabbits after BHZF treatment. *P < 0.05, **P < 0.01. 
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collaterals of the knee [15]. However, during acupuncture and moxibustion integration in the Heding point, the main two feet are 
paralyzed and weak. The Zusanli point has a better sense of supporting the right, dispelling evil, and replenishing deficiency. Yangling 
spring is defined as the meeting of tendons in the difficult scriptures. In addition, according to the compilation of acupoints along the 
meridians, such as stubborn numbness and cold arthralgia, all thighs, knees, fetuses, and feet are sore and swollen, and it is difficult to 
move and walk. Matching the two, deficiency can supplement deficiency and strengthen tendons, strengthen knees and bones, and 
reality can dredge and regulate meridians and tendons, activate collaterals, and relieve pain [16]. The combination of all points has the 
function of tonifying deficiency and reducing excess, relaxing and benefiting the muscles and bones of the knee, and dredging the blood 
and blood of the knee. Simultaneously, the penetration needling method in acupuncture can enhance stimulation, can make the 
acupuncture sense easier to conduct, and have a greater effect, which can significantly relieve knee pain [17]. Our study showed that 
BHZF could decrease pain (Lequesne MG behavioral score) and joint swelling in the KOA rabbit model. Moreover, it could maintain the 
morphology of articular chondrocytes and decrease the decomposition of the cartilage matrix. Based on the pathological results, BHZF 
could also reduce the thickness of the synovium in KOA and the degree of Krenn’s pathological grading of synovitis. Therefore, BHZF 
can be used to treat KOA synovitis. 

The development of osteoarthritis is related to different factors. Arthritis plays an important role in the development of osteoar-
thritis [18]. Different immune cells, including T cells, neutrophils, and macrophages, can regulate inflammation. Macrophages are a 
highly heterogeneous cell population derived from the bone marrow cell lineage, which exists in almost all tissues and exhibits great 
anatomical and functional diversity [19]. In recent years, activated macrophages were subdivided into two phenotypes (M1 polari-
zation and M2 polarization). Further, they had opposite inflammatory secretion behaviors, which has attracted significant attention 
[20]. Macrophage polarization is the most important immune cell in the KOA joint and the most critical cell that regulates the in-
flammatory state in KOA [21]. Inflammatory factors such as IL-1β, IL-10, and TNF-α are mainly secreted by macrophages [22]. 
Considering this finding, previous research has hypothesized that the therapeutic effect of BHZF can be achieved via the following 
mechanisms: regulating the imbalance of macrophage polarization→affecting the secretion of inflammatory factors→inhibiting 
intra-articular inflammation→treating synovitis→delaying cartilage degeneration→treating KOA. The current study aimed to validate 
the effect of the tug-of-war acupuncture on regulating macrophage polarization and inhibiting intra-articular inflammation. 

A key aspect of macrophage polarization is the altered expression of cell surface markers [23,24]. CD86 is a molecular marker of 
M1-type macrophages [25]. M2-type polarization is characterized by a high expression of ARG1, CD206, IL-4, and other factors [26, 
27]. Our study confirmed that BHZF could decrease the number of CD86-positive cells and increase the number of ARG1-positive cells 
in the cartilage and synovium of rabbits with KOA. In addition, previous research showed that M1 macrophages were produced by 
interferon gamma and lipopolysaccharide induction, thereby upregulating the expression of genes related to pathogen clearance and 
driving inflammation in response to intracellular pathogens [28]. In contrast, M2 macrophages induced by IL-4 and IL-13 upregulate 
the expression of genes related to wound healing and participate in anti-inflammatory response [29]. Pro-inflammatory and 
anti-inflammatory macrophage dysfunction could lead to chronic inflammation and play an important role in chronic inflammatory 
diseases including osteoarthritis [30]. In our study, based on the ELISA results, BHZF could reduce the levels of inflammatory factors 
(IL-1β and TNF-α) and increase the levels of anti-inflammatory factors IL-4 and IL-10 in the serum and synovial fluid of rabbits with 
KOA. Based on these data, BHZF could inhibit M1-type polarization and promote M2-type polarization to a certain extent in rabbits 
with KOA. Taken together, this study revealed that BHZF inhibited KOA synovitis by suppressing the secretion of proinflammatory 
cytokines and by regulating the polarization imbalance of M1/M2 macrophages via the inhibition of M1 polarization. 

The current study had some limitations. That is, the sample size was small. Further, Western blot analysis, which is more ad-
vantageous than quantitative evaluation, was not performed due to financial constraints. In this experiment, BHZF was found to 
regulate macrophage polarization to improve the inflammatory environment in KOA to treat the knee joint. Nevertheless, the upstream 
signal pathway regulating macrophage polarization, nuclear transcription factor, are not been involved-κB（NF-κB), mitogen- 
activated protein kinase (MAPK), a mammalian target protein of rapamycin (mTOR) and related genes, will be the next research 

Fig. 4. Effect of BHZF on the expression of key genes and inflammatory factors in KOA model rabbits. (A) After BHZF treatment, the levels of 
inflammatory factors (IL-1β and TNF-α) and anti-inflammatory factors (IL-4 and IL-10) were analyzed by ELISA kits in the serum of KOA model 
rabbits. (B) IL-1β, TNF-α, IL-4, and IL-10 levels were confirmed using ELISA kits in the synovial fluid of KOA model rabbits after BHZF treatment. 
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direction. 
Theoretically, the degree of inflammation is closely related to the progression of cartilage degeneration, and inhibiting inflam-

mation can effectively improve the degree of cartilage degeneration [31]. However, the experimental results might be attributed to the 
short treatment time and observation time, which have a specific impact on treatment efficacy. BHZF can improve the secretion of 
inflammatory factors in animals with KOA mainly by reducing the expression of proinflammatory cytokines. Notably, the IHC results in 
the cartilage and synovium significantly differed. That is, the cytokines in the cartilage are derived from the penetration of 
synovial-derived factors and the secretion of chondrocytes themselves. Moreover, the results are primarily affected by the MLS status. 
Hence, their changes lag behind those in the synovium. 

5. Conclusion 

BHZF can promote cartilage repair in KOA and improve the treatment effect by inducing macrophage polarization and reducing the 
release of inflammatory factors, which can be better applied as an optimized treatment method in clinical settings in the future. 
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