Journal of Pain Research Dove

3 ORIGINAL RESEARCH
RETRACTED ARTICLE: Acupotomy Improves
Synovial Hypoxia, Synovitis and Angiogenesis in
KOA Rabbits

Yan Guo'*, Yue Xu@®**, Meng He (%, Xilin Chen?, Longfei Xing®?, Tingyao Hu?, Yi Zhang?, Mei Du?,
Dian Zhangz, Qian Zhangz, Bin Li'

'Department of Acupuncture and Moxibustion, Beijing Hospital of Traditional Chinese Medicine, Capital Medica
Acupuncture Neuromodulation, Beijing, People’s Republic of China; 2School of Acupuncture, Moxibustion and
Medicine, Beijing, People’s Republic of China

Diversity, Beijingilley Laboratory of

sity of Chinese

*These authors contributed equally to this work

Correspondence: Bin Li, Department of Acupuncture and Moxibustion, Beijing Hospital of Trad4
Beijing Key Laboratory of Acupuncture Neuromodulation, 23 Meishuguan Back Street, Don
Tel +86-18910781852, Fax +86-87906055, Email libin@bjzhongyi.com

apital Medical University,
, People’s Republic of China,

my could treat KOA in a variety of
ualities. However, the mechanism of hypoxia
and angiogenesis induced by acupotomy in KOA synovium rem is study looked for the benign intervention of
acupotomy in synovial pathology.
Methods: The rabbits were divided into 3 groups, Norm:

in each group. The KOA rabbit model was established b,

, and KOA + Acupotomy (Apo) group, with 11 rabbits
ideman method with six weeks. The KOA + Apo group

KOA accounts {0t about 85% of osteoarthritis (OA) cases worldwide, and its prevalence has more than doubled with the
development of the aging population.' According to recent research, OA is an active dynamic change of intra-articular
homeostasis caused by biomechanical abnormalities, involving complex inflammatory and metabolic factors.> The
development of KOA implicated the cartilage, subchondral bone, meniscus, muscle, tendon, synovium, and infrapatellar
fat pad (IFP).* The knee joint is a typical synovial joint. Synovium provides nutrition and oxygen for cartilage by
producing synovial fluid, which plays a crucial role in the metabolism of cartilage.” Synovium is a tissue that usually
becomes inflammatory, hyperplastic, angioplastic, and fibrotic due to its rich vascular and nerve distribution.® Along with
cartilage degradation, the typical feature and the primary pathogenic factor of KOA are chronic low-grade inflammation
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of the synovium and extensive angiogenesis.”® Synovitis correlates with the degree of pain and joint dysfunction and
may occur before significant changes in cartilage promote faster cartilage destruction.” IL-1p and TNF-a are critical
inflammatory mediators in the pathological process of synovitis.'® Angiogenesis causes structural damage and pain by
promoting the invasion of inflammatory cells and the growth of local pain receptors."' VEGF is an extremely specific
angiogenic factor that directly contributes to KOA synovial angiogenesis.'?

Hypoxia is a prominent feature of diseases such as arthritis, atherosclerosis, inflammatory bowel disease, infection,
obesity and cancer.'? Synovitis and angiogenesis may associate with changes in synovial microvascular oxygen system.'*
HIF-1a is the new therapeutic target for treating chronic and persistent diseases as a crucial component of the cellular
response to hypoxia.'”> HIF-1a in synovium was positively correlated with the severity of KOA, which may be related to
the role of increased HIF-lo in leading to persistent chronic synovitis and angiogenesis.'® The non-invasive blood

oxygen level-dependent magnetic resonance imaging (BOLD-MRI) is used to identify early hypg od changes of

emand of synovium in
nder hypoxia condition,
ry changes and compensatory

23,24

angiogenesis in synovium may in turn contribute to cartilage injyl., osteophytg formation and meniscus pathology,

which result in a vicious circle and aggravate the progress of K

acupuncture and modern surgical principles, and coul &l ~ 1 nd release tissue adhesion because of the
y potomy has been shown to be beneficial in the
ensive, effective, and safe.?® Biomechanical factors are
evious animal studies discovered that acupotomy could
muscle attachment points.?**°

Therefore, this paper descri

Six-week-old he¥
Animal Research 1|

clean-grade New Zealand male rabbits were obtained from Beijing Fulong Tengfei Experimental
tute Ltd (Beijing, China, Certificate Number: SYXK 2018-0041). The animals were maintained
under the same feeding and environmental conditions. Housing environment: 12/12 h light/dark, single cage housing,
free feeding and drinking, constant temperature 17-20°C, relative humidity 40%-60%. The experimental procedures
carried out on animals were approved and reviewed by the Experimental Animal Ethics Sub-Committee, Academic
Committee of Beijing University of Chinese Medicine (Approval number: BUCM-4-2022041502-2114). All animal
experiments were conducted according to the Guidelines of the NIH for the welfare of laboratory animals.

The experiment was conducted, after the rabbits had been adaptively fed for 7 days. The animals were divided into
Normal group, KOA group, and KOA + Apo group (11 rabbit/group), via random number table. And in each group 4
rabbits were used for BOLD MRI measurement, and the remaining 7 rabbits were used for other tests.
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Induction of KOA Rabbits

After 1 week of acclimatization, and 12 hours of fasting, the animals in KOA and KOA + Apo groups were KOA
modeled with the modified Videman method.”® Their left hind limbs were extended and immobilized. Three percent
pentobarbital sodium solution was injected through the ear vein at 30mg/kg. Skin preparation in the inguinal to ankle area
of the left hind limb. One experimenter pulled the rabbit’s lower limb into a fully extended position, while the other one
softened a resin bandage by soaking it in hot water at 65-85 °C, and fixed it from the groin to the ankle. The rabbit was
kept with its knee joint extended at 180° and the ankle joint plantarflexed at 60°. The toes were left out to observe the
blood supply. The resin bandage was fixed with medical tape to prevent the rabbit from tearing. The normal group was
reared and grasped. After 6 weeks, the resin bandage was removed.

Acupotomy Interventions

After modeling, the rabbits were fixed gently on the treatment table. The tendon insertig
lateralis, rectus femoris, biceps femoris, and anserine bursa was selected as treatmgnt [S@aats in rabtis. After skin
preparation, the sharp of acupotomy needle (Hanzhang brand disposable acupotq, N3 < m) was kept

BOLD MRI

Imaging Acquisition
BOLD MRI was used for the detection of 4 rabbits in each gi@up. The anijhls were anesthetized with 3% pentobarbital
after treatment, and MRI was performed when they reached d after 20-30 min. Measurements were done
ages of the knees were acquired in the supine
position while exposing animals to alternating normo¥e and carbogen (conventionally 95% O, and 5% CO,)
(idy, carbogen was found to have higher inter-rabbit reliability
nal scanning using OSag fs PD (sagittal fat suppression proton

weighted localization image) sequen X 4, slice thickness 4 mm, interval 0 mm, layer number 17,
frequency 320, phase 320. T2* LD MRI): TR 44.7 ms, TE 0.9-7.6ms, FOV 10 cm, NEX 2, slice thickness
4 mm, interval 0 mm, frequ layers 17, phase 96, 8 images per slice.

Imaging Analysis
The images were orkstation, and the R2* and T2* images were obtained by post-processing
software. The ran' tum and surrounding tissue was determined in T2*MAP images, the pixel number of region
of interest (rggig

)

S@Pressure was measured in vivo. The three-limb tube was connected to the puncture needle, the 10mL

ith liquid paraffin), and the pressure transducer, respectively. All devices were placed on the same level.
Was used to locate the depression at the lower margin of the patellar ligament. The needle body was
quickly inserted at an angle of 45° to the skin of inside part of the knee joint. The values before and right after the
insertion were recorded.

Specimen Collection

All the animals were then sacrificed by overdose of anesthesia after intra-articular pressure measurement. The synovial
fluid of the left hind limb of the rabbit was extracted under anesthesia. The skin was prepared, opened, and separated
from the subcutaneous tissue to expose the patellar ligament. The knee joint was 45° bent, and the insertion point was at
the middle of the patellar ligament and the lower edge of the femur, with a needle sensation of falling after entry. One
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milliliter of saline was injected into the knee cavity. After sufficient bending and stretching of the knee joint, the synovial
fluid was collected into lyophilization tubes and the samples were centrifuged at 1000 rpm at 4°C for 15 min to remove
cells and joint debris, then stored at —80°C. Afterwards, the synovial tissue of the knee was extracted as well.
A longitudinal incision was made along both sides of the patellar ligament, followed by a transverse incision at the
upper edge of the patella. Tweezers were used to lift the patellar ligament and the tissues, the joint cavity was opened,
and the membrane tissue was exposed. A piece of synovial tissue (0.5cm X 0.5cm x 0.lcm) was cut from the
intercondylar fossa of the femur with a surgical blade. The tissue was then fixed in 4% para-formaldehyde and stored
lyophilized tubes at —80°C separately.

Morphological Observations Analysis
HE Staining: Morphological changes in synovial tissue were observed by HE staining. The fixedd

dehydrated, embedded in paraffin, and sectioned (thickness: 4um), stained with hematoxyli
neutral gum, and observed under a light microscope.

ELISA Analysis

values were measured at 450nm with an enzyme labelling instrument (
contents of IL-1B and TNF-a were calculated by comparing them
each index.

IHC Analysis

The expression of HIF-1a in synovial tissue was obse

THC . Sections were dewaxed, rehydrated, and
eroxide for 25 min and blocked with 10% normal
the primary antibody HIF-1a (1:200, Novus, CO, USA)
or 15 min. The HRP-labeled secondary antibody (HRP
) was dropped and incubated for 50 min. DAB

performed antigen retrieval. Then, it was treated with 3%3
goat serum for 30 min. They were then incubatgg

as used as a chromogenic agent, hematoxylin was counter-dyed,

at 4°C. After rewarming, the slices were
labeled goat anti-mouse 1:200, Servid

alcohol gradient dehydration wa; @b neutral gum was dropped to seal the slices. High-quality images

The protein exp EGF in synovial tissue was detected. After grinding, RIPA Lysis Buffer was

added and cg min at 4°C for 20 min. The supernatant was taken and protein concentration was
determined the protein is denatured at 95°C. Following denaturation, proteins were separated using
polyacrylamid electrophoresis. Proteins were transferred from the gel onto the PVDF membranes and blocked with

5% nonfat dry niW@afor 2 h. The PVDF membranes were incubated with the first antibody GAPDH (1:10,000, Abcam,
Cambridge, UK), -la. Antibody (1:2000, Novus, CO, USA), and VEGF Antibody (1:2000, Proteintech, Chicago,
USA) for overnight at 4°C. The secondary antibody (HRP labeled goat anti-mouse 1:10,000, HRP-labeled goat anti-
rabbit 1:10,000, Servicebio, Wuhan, China) was incubated at room temperature for 1h. The membranes were exposed to
Electrochemiluminescence (ECL) in a darkroom. Image J software was used to analyze the gray level of the target strip
of the scanned image, and the results were calculated by GAPDH.

Statistical Analysis
All data were analyzed by SPSS 20.0 statistical software, and the experimental data were described as mean + Standard
deviation (SD). One-Way ANOVA followed by LSD was used for comparisons between groups that were normally
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distributed and had equal variance. Tamhane’s T2 method was used for comparisons between multiple groups that were
normally distributed and did not have homogeneous variance. A value of P < 0.05 was considered statistically significant.
Higher significance levels were established at P < 0.01.

Results

Acupotomy Reduces Intra-Articular Pressure

To observe the effect of acupotomy on intra-articular pressure in KOA, intra-articular pressure of knee joint was
measured by pressure transducer. Compared to Normal group, intra-articular pressure was significantly higher in KOA
group (P < 0.01). Compared with the KOA group, intra-articular pressure of knee joint in KOA + Apo group was
significantly decreased (P < 0.01) (Figure 1).

Acupotomy Improves Synovial Hypoxia of KOA Rabbits

To observe the effect of acupotomy on the oxygen environment of synovium in the animals

(P <0.01), and the R2* in KOA + Apo group was significantly
The expression of HIF-1a in rabbit synovial tissue was detecte

of IHC (Figure 3C and D). The results indicated that a
recover the oxygen environment in the articular ity, an

help to reduce intra-articular pressure,
novial hypoxia.

Acupotomy Improves Synovial Ip Angiogenesis of KOA Rabbits
Wial i mation and angiogenesis of KOA, HE staining sections
cell layers were arranged neatly without proliferation,
crawon. In KOA group, the synovial lining cell layers were
asia, with more inflammatory cell infiltration and vascular hyperplasia
cell infiltration and vascular hyperplasia in the KOA+ Apo group
group (Figure 4A). Krenn pathological scale was used to score the degree
The contents of IL-1f and TNF-o in synovial fluid were detected by

*k
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=]
: m e
£ B3 KOA+Apo
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s '5
Q
b= #t
© _ R —
é -10
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1 I I
Normal KOA KOA+Apo

Figure | Effect of acupotomy on intra-articular pressure. The mean resting pressure in each knee. *P < 0.01 vs the Normal group. *P < 0.01 vs the KOA group.
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A Normal
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mm KOA

KOA+Apo
- 3 Normal
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Normal KOA KOA+Apo

Before §
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Figure 2 Acupotomy relieved the state of hypoxia. (A) Representative T2* images and pseudo-color T2* images and pseudo-color R2* images in each group. And ROls used
to delineate the synovium to derive reactivity maps of normoxia and hyperoxia (using a mixture of 95% oxygen (O,) and 5% carbogen (CO,) for hyperoxia stimulus). (B) A
R2* changes between groups. *P < 0.05 vs the Normal group. (C) R2* changes between groups. **P < 0.01 vs the Normal group. P < 0.01 vs the KOA group.
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A B HIF-1a
Normal KOA+Apo 15+ .
- . 3 Normal
mm KOA
104 = KOA+Apo
Q
o #
3 54 —
Z 0 T T
Normal KOA  KOA+Apo
C Normal KOA KOA+Apo
3 Normal
HIF-lo | e v QD e - KOA
= KOA+Apo
T
KOA KOA+Apo
Figure 3 Acupotomy reduced the expression of HIF-la in rabbit synovial tissue. (A) tive HIF-1o IH ions of synovial tissues in each group, 200x. (B)

Relative IOD value in each group. Semiquantification of IHC sections was evaluated by ulating the positive areas of HIF-1a. Data were analyzed by Image | Pro Plus 6.0.
#P <0,01 vs the Normal group. P < 0.01 vs the KOA group. (C) Typical protein bands|
Normal group. #P < 0.05 vs the KOA group. Data were analyzed by Image ).

significantly increased (P < 0.01); the protein

acupotomy could help to improve synovj

Discussion
This study suggested that ld alleviate synovial inflammation and slow down the process of
angiogenesis in KOA rab i ifically manifested as the decreased contents of IL-1p and TNF-a

Oscle atrophy and adhesion of the soft tissues around the joint, and cartilage degeneration,
all of whic@ould in return result KOA with the abnormal mechanical stress. The findings of the literature are
consistent witlur previous studies.*' Acupotomy could release the muscle and tendon around the knee joint of
rabbits to restore the biomechanical characteristics of the joint based on the Jingjin theory of traditional Chinese
medicine and the theory of biomechanics and anatomy in modern medicine.** This study applied the modified
Videman method for KOA modeling, which may be more suitable to explore the related mechanism of acupotomy
in the treatment of KOA.

KOA is not merely a passive degenerative disease commonly referred to as “wear -and - tear”, but its pathophysiol-
ogy is more complex. It is a total joint disease caused by the imbalance between the repair and destruction of joint
tissues.>>** Intra-articular pressure is a direct reflection of the joint stress, and the abnormal joint stress environments

may result in a significant increase in intra-articular pressure.*> The results indicated a significant increase in
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ative synovial tissues of each group stained with HE staining, 200%. (B) Krenn
roup. (C and D) The concentration of IL-1f and TNF-a in rabbits in each group.

. . otein bands for each group. (F) Protein level comparison of VEGF between groups.
were analyzed by Image .

pathological scale in each group. **P < 0.01 vs the Normal
#P < 0.01 vs the Normal group. *P < 0.05, *P < 0.01

ced, the synovial microcirculation was blocked, and the effective perfusion in the joint
cavity was red . thus, the repeated and persistent hypoperfusion resulted in joint hypoxia.*'~*” In this study, BOLD
MRI and synovial N@-1a were used to detect hypoxia in the articular cavity of KOA. Previous studies have shown that
BOLD MRI is sensitive to microvascular changes in the tissue around the synovium, which may be related to higher
concentrations of intravenous DHb in perisynovial tissues with high metabolism and inflammation and in relatively
hypoxic joint environments.'”*® Additionally, due to the increase of intra-articular pressure and the increase of metabolic
demand under the influence of inflammation, compensatory perfusion of synovial microvascular system in KOA should
carry more DHb. Therefore, we chose BOLD MRI to measure the oxygen partial pressure in synovial microvessels. The
quantitative parameter R2* was negatively correlated with oxygen partial pressure. The R2* in KOA group was higher
than that in Normal group, indicating that acupotomy might increase the partial pressure of oxygen in the synovium,

which was reduced in the KOA group. It is worth noting that we should pay attention to the relationship between IFP and
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synovium. These two structures are actually an anatomo-functional unit, and both of them have rich blood flow,* so
ROIs cannot completely distinguish them. Therefore, we evaluated the oxygen partial pressure of synovium and
surrounding tissues. A series of intracellular processes were triggered as well, among which HIF-la was the most
critical transcription factor which mediated the cellular hypoxic response.*” Under conditions in which O, supply is
limited, HIF-1a subunits accumulate and activate transcription of hypoxia-response elements (HRE)-containing genes.*'
Some common target genes include VEGF and erythro-Poietin.*? In this study, with the detection of intra-articular
pressure and the quantitative analysis of synovial BOLD MRI results and synovial HIF-1a before and after intervention
in each group, it was found that acupotomy intervention significantly improved synovial hypoxia, which suggested that
acupotomy intervention could reduce intra-articular pressure, improve synovial capillary blood oxygen levels, and reduce
the accumulation of HIF-1a.

Angiogenesis and inflammatory activity initiate and perpetuate joint lesions during thg gpment of KOA,

synovitis and angiogenesis in KOA. During the pathogenesis of KOA, an overactiyation M secretes the
essential inflammatory mediators IL-1f and TNF-a, which maintain the infla, o of joint.®**
A crucial part of the pathogenesis of KOA is played by VEGF, whose igfpis i Bcd in synovium
macrophages and fibroblast-like synoviocytes.*>*® VEGF could increase v, ilitywand promote synovial
angiogenesis. However, the newly formed blood vessels are immature a th the proliferation and
thickening of synovial tissue.*’ Additionally, VEGF can promot cell activation to trigger

plasia visible in KOA group with HE staining. The expressi F-o and VEGF was higher in KOA group.

Therefore, inhibiting the release of two inflammatory me F is reliable to delay the progression of

KOA. HIF-1a was increased in the synovium of

of inflammation-related factors and VEGF.*® HIF- ed 1n synovial inflammation.”® Hypoxia may occur in
early stage of KOA, and inflammatory activation f the consequences of HIF-lo accumulation.'®’
Synovial inflammation and hyperplasi e oxygen consumption and aggravate local hypoxia. The

ential growth of HIF-la in synovial tissue and promote
secretion of VEGF and result |
upregulation of VEGF in KO,

W As a transcription factor, HIF-la is associated with the
hich is involved in mediating synovial angiogenesis.’* In this study, it
reduce the contents of IL-1f and TNF-a in the synovial fluid and
synovium of KOA and a significant improvement in inflammatory and
fter acupotomy treatment by HE staining was found as well. The changes

Wwhich would be related to more immature blood vessels in the synovium under hypoxic conditions,
and was also confirmed by the changes of HIF-1a and VEGF in this study. Studies have described the changes of AR2*
in tumor diseases.’’>® The proliferative and invasive nature of arthritis synovium has frequently been compared to
tumor development, both of them exhibit the apparent paradoxical features of hypoxia and angiogenesis.”® The space
of rabbit’s knee joints was narrow, thus the periarticular aspect of the knee rather than the synovial microvascular
response was evaluated.

This study has some limitations. First, because we did not perform a longitudinal observation but only measured the
pertinent study indicators at a single time point, we are unable to explain how oxygen levels in the synovium fluctuate
over time. Secondly, the effects of anesthetics on blood volume and blood flow changes were not taken into account for
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the evaluation of BOLD MRI values obtained in this study. As a result, the internal effectiveness of our study was also
impacted by the failure to evaluate additional sources of measurement errors.

Conclusion

In summary, this study suggests that acupotomy may help to reduce intra-articular pressure, restore synovial oxygen
transport, block HIF-1o accumulation and reduce inflammation-related factor expression and reduce the expression of
VEGF, thereby improve the synovitis and angiogenesis in KOA. The results may offer a more advantageous theoretical
foundation for the treatment of KOA with acupotomy.

Abbreviations
Apo, Acupotomy; DHb, Deoxyhemoglobin; ROI, regions of interest; IHC, Immunohistochemicalg estern Blot;
10D, integrated optical density.
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