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Abstract

Objective: To explore the effect of radiofrequency hyperthermia on type II collagen expression in a rabbit model of osteoarthri-
tis (OA).

Methods: Experimental model of knee OA was replicated in the right hind limbs of 54 male rabbits by using modified Hulth
modeling method. The rabbits were randomly divided into Model group, Lugua Polypeptide group and Radiofrequency Hyper-
thermia group. After modeling, Lugua Polypeptide group was given intramuscular injection of Lugua polypeptide; Radiofre-
quency Hyperthermia group was treated with radiofrequency hyperthermia; Model group was not given any special treatment.
On the 7**, 13'" and 19*" day after radiofrequency hyperthermia, six experimental rabbits were chosen from each group and
sacrificed to take out medial femoral condyle cartilages in the right hind limbs. Modified Mankins rating was applied to the
morphological evaluation. Meanwhile, quantitative real-time PCR was used to detect the content of type II collagen in cartilage
tissues of medial femoral condyle.

Results: At each time point after treatment, Mankins scores were decreased in all the 3 groups, with that of Model group sig-
nificantly higher than those of the other two groups (Model group > Lugua Polypeptide group > Radiofrequency Hyperthermia
group). The contents of type II collagen in cartilage tissues were increased in all the 3 groups, with that of Radiofrequency
Hyperthermia group significantly higher than those of the other two group (Model group < Lugua Polypeptide group < Ra-
diofrequency Hyperthermia group). The difference between groups was of statistical significance (p < .05). For Radiofrequency
Hyperthermia group, Mankins scores were decreased gradually as the treatment time went by, with the content of type II colla-
gen in cartilage tissues increased. The difference between time points was of statistical significance (p < .05).

Conclusions: Radiofrequency hyperthermia is superior to Lugua polypeptide in the treatment of knee OA, at least in rabbits.
Its therapeutic mechanism may be related to the significant increase in type II collagen in cartilages.
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Osteoarthritis (OA) is a chronic degenerative joint disease
characterized by articular cartilage degeneration and sec-
ondary hypertrophic osteoarthropathy. The main feature of
the disease is the progressive loss of articular cartilages.[!!
Collagen is an important component of the extracellular ma-

trix, in which type II collagen accounts for 80% to 95% of
the total collagen content. The change in quality and quan-
tity is the direct cause of the loss of normal biomechanical
properties of articular cartilages.!>3! At present, the clinical
treatment of knee OA is intractable due to the lack of effec-
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tive therapies. Radiofrequency hyperthermia that has been
gradually developed in recent years has many advantages.
In clinical application, it has been found that this technol-
ogy can significantly relieve the symptoms of patients with
knee OA, but the exact treatment mechanism remains un-
known.[l  As a clinically used drug for knee OA, Lugua
polypeptide has the function of promoting blood circula-
tion for removing blood stasis and collaterals, improving
blood flow in the subchondral medullary cavity and promot-
ing the removal of metabolic wastes, which is of great value
in protecting articular cartilage tissues.™ In this study, af-
ter establishing the rabbit knee OA model, radiofrequency
hyperthermia or Lugua polypeptide was used to give an in-
terventional treatment, in order to compare the effects of
radiofrequency hyperthermia and Lugua polypeptide on the
morphology of rabbit knee articular cartilages and the con-
tent of type II collagen in articular cartilages, with the aim
of exploring the relevant mechanism of radiofrequency hy-
perthermia for the treatment of knee OA.

1 Materials and methods
1.1 Main experimental materials

The experimental animals in this study were 54 male rabbits
in total, provided by Beijing Tongzhou Experimental Ani-
mal Breeding Factory (Animal Certification: 2000 No. 013
Clean Grade). Each of the experimental rabbits weighed
(2.50 + 0.25) kg, 6 months old, and they were fed and kept
separately in Laboratory Animal Center of the Third Affil-
iated Hospital of Inner Mongolia Medical University. The
main experimental materials of this study also included rab-
bit experimental tables, hemostatic forceps, needle holders,
curved needles, hooks, holders, blades, wire scissors, oph-
thalmic scissors, sutures, electronic balances, bone knives,
etc.; the main experimental equipments included HG-2000
type in-vitro high frequency hyperthermia apparatus, GNP-
9080 incubator, CMI850 freezing microtome, PPTHK-21B
water bath, 7500 real-time quantitative PCR instrument,
etc.; the main experimental drugs included Lugua polypep-
tide for injection, Sumianxin II, gentamycin sulfate injec-
tion, 10% ethylene diamine tetraacetic acid (EDTA), xylene,
0.1 M phosphate buffered solution (PBS), 4% paraformalde-
hyde, anhydrous ethanol, hematoxylin, type II collagenase,
quantitative real-time PCR assay kit etc.

1.2 Rabbit knee OA modeling

All the experimental rabbits were fed and kept separately
in Laboratory Animal Center of the Third Affiliated Hos-
pital of Inner Mongolia Medical University. The breed-
ing room was kept dry, ventilated and quiet, with suitable
temperature and humidity. The size of the cage can en-
sure the free activities of the experimental rabbits. Breed-
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ing cages were required to be cleaned up daily, along with
periodical UV disinfection. Meanwhile, it was necessary to
closely observe the experimental rabbits for their food in-
take, activities, stools and urines. Before the formal exper-
iment could proceed, the modified Hulth method™ which
was commonly used at home and abroad was applied to the
modeling pre-experiment in this study. Four experimental
rabbits were selected, and then their anterior and posterior
cruciate ligaments, medial collateral ligaments and medial
meniscuses of knee joints were surgically cut off (see Figure
1), causing knee joints unstable. Meanwhile, the knee joint
that was turned outward was turned into an inversion, which
changed the biomechanical axis of the knee joint, leading to
the changes in the stress of articular cartilages accordingly.
After the operation, the rabbits were fed and kept separately,
with each rabbit in a single cage and free activities. The
knee joint was reopened surgically in 6 weeks after the first
operation. The success criteria of knee OA modeling were
as follows: the synovial part of the knee joint showed nodu-
lar hyperplasia, the synovial fluid was in a small amount
and turbid, with the formation of the surface ulcers, fis-
sures, even some osteophytes.!® It was found that all the
experimental rabbits in the pre-experiment were success-
fully modeled (see Figure 2). In the formal experiment, the
healthy experimental rabbits after 1 week of feeding were
applied to the knee OA modeling by use of the modified
Hulth modeling method. After achieving satisfactory anes-
thesia outcomes, touched the inside of the right hind limb of
the rabbit to locate the joint space. A longitudinal incision
with a length of about 3 cm was made along the midpoint of
the space. Subsequently, the medial collateral ligament was
cut off and the articular capsule was opened, with the me-
dial meniscus freed and removed by a sharp knife along the
space between the meniscus and the tibial plateau, so that
the anterior cruciate ligament was exposed and cut off. Af-
ter being washed with normal saline, the right hind limb was
disinfected again with povidone-iodine, sutured and bound
up. The model rabbits were divided into Radiofrequency
Hyperthermia group, Lugua Polypeptide group and Model
group by use of the random number table method, with 18
experimental rabbits in each group.

1.3 Intervention after modeling

In Radiofrequency Hyperthermia group, the experimen-
tal rabbits were given radiofrequency hyperthermia pro-
vided by HG-2000 in-vitro hyperthermia apparatus made
in Zhuhai. Two circular electrodes (about 20 cm in diam-
eter) of the in-vitro hyperthermia apparatus were placed on
the upper and the lower part of the knee joint of the right
hind limb of the experimental rabbit, with the distance be-
tween the electrode and the skin ranging from 15 cm to 20
cm. The output power percentage was 10%-20%, with the
resonance mode selected and the temperature set to 36.5°C-
38.5°C. The above-mentioned radiofrequency hyperthermia

ISSN 2375-8449 E-ISSN 2375-8473



dcc.newcenturyscience.com

Discussion of Clinical Cases

2018, Vol. 5, No. 3

was performed for 10 minutes, once a day, 6 times for one
course of treatment, and the experimental rabbits were al-
lowed to rest for 3 days after the end of each course. For
Lugua Polypeptide group, the experimental rabbits were
given intramuscular injection of Lugua polypeptide (man-
ufactured by Heilongjiang Dilong Pharmaceutical Co., Ltd.,
8 mg, powder, dissolved in 4 ml of sterile water for injec-

Figure 1: Keys to OA modeling

tion according to the instructions) following the dosage of
0.1 ml/kg, once a day. In Model group, the experimental
rabbits were given no special intervention after modeling
and placed in the cage for free activities. Both Radiofre-
quency Hyperthermia group and Lugua Polypeptide group
were given intervention daily at a set period of time to en-
sure the regularity of treatment.

Note. a. To touch the inside of the right hind limb to locate the joint space, along which a longitudinal incision with a
length of about 3 cm was made, with the medial collateral ligament cut off subsequently; b. To open the articular capsule,
remove the medial meniscus, expose and cut off the anterior cruciate ligament.

e

Figure 2: Success criteria of OA modeling

Note. It was visible that the synovial part of the knee joint showed nodular hyperplasia, even with the formation of some

osteophytes.
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1.4 Specimen making and histological observation

On the 7", 13t and 19*" day after radiofrequency hyper-
thermia, 6 rabbits in each group were sacrificed by way
of ear venous air embolism. The articular capsule of the
knee joint was reopened along the surgery trace, the inter-
nal structure of the joint was exposed, and the lateral col-
lateral ligament and the posterior cruciate ligament were cut
off to completely separate the femur and the tibia, carefully
remove soft tissues around the femoral end, which was de-
tached by a bone knife, with the medial femoral condyle cut
off. The condyle was rinsed with running water, placed and
fixed in 4% NBF (4 °C) for 24 h. The fixed tissue specimens
were rinsed and then placed in 10% EDTA decalcifying so-
lution, which was heated daily in a constant temperature wa-
ter bath of 60 °C for 10 h. The solution was replaced every
other day. It lasted for 6 days until the bone substances
became soft to the ideal state (It is appropriate to easily
pierce through the bone substances with a pin). And then,
the specimens were rinsed with running water, a small piece
(0.5 cm x 0.4 cm x 0.3 cm) of tissues (including the carti-
lage and the subchondral bone) was cut off from the decalci-
fied specimen, dehydrated in an ascending series of ethanol
concentrations, cleared in xylene and soaked with paraffin.
Afterwards, the cartilage coronal section was placed against
the bottom surface of the embedding box for embedding.
The tissue specimen wax blocks were discontinuously re-
sected, 6 sections (100 um space) were taken out from each
wax block to be stained with hematoxylin-eosin (HE). Three
sections of each tissue specimen were chosen by two pathol-
ogists for histomorphological observation. Five different
fields of view were selected for each section to mainly ob-
serve the pathological changes in knee articular cartilages
and subchondral bones of the experimental rabbits at differ-
ent time points. In addition, score statistics was achieved
according to modified Mankins rating rules!’-® for articular
cartilages.

1.5 Real-time quantitative PCR detection of type
Il collagen

On the 7%, 13t and 19*" day after radiofrequency hyper-
thermia, the total type II collagen in cartilage tissues of each
group was extracted and determined by use of quantitative
PCR according to the instructions for RT reagent kit (Wuhan
ColorfulGene Biological Technology Co., Ltd.) and qPCR
reagent kit. RNA in cartilage tissues was extracted through
tissue grinding, cell lysis, centrifugation, elution and other
steps, and reverse-transcribed by removing genomic DNA
and reverse transcription. Applied Biosystems StepOnePlus
Real-Time PCR System was applied to the amplification by
way of initial denaturation (95 °C, 30 s, 1 cycle), PCR (95
°C, 55, 40 cycles), dissolution (95 °C, 5 s, 1 cycle), cooling
(50 °C, 30 s, 1 cycle) and other steps.

1.6 Statistical analysis

The measurement data in this study were represented by
(x £ s). SPSS20.0 statistical software kit was applied to
the statistical analysis, with LSD-Q test used in this study.
The difference p < .05 was of statistical significance.

2 Results

2.1 Comparison of histological observation for car-
tilage tissues among three groups of experi-
mental rabbits

In Radiofrequency Hyperthermia group, the cartilage sur-
face was found to be uneven after 6-day treatment, with the
incomplete cartilage fissures observed. The chondrocytes
were arranged in a cluster. The matrix staining was normal
or mildly faded, and the tidemark was intact (see Figure 3-
3). After 12-day treatment, the cartilage surface was found
to be damaged slightly, with the chondrocytes clustered.
The staining of the matrix was normal or mildly faded, and
the tidemark was not intact (see Figure 3-4). After 18-day
treatment, the cartilage surface was slightly damaged, the
chondrocytes were normally arranged or increased, and the
matrix staining was slightly faded. The tidemark was almost
intact (see Figure 3-5).

In Lugua Polypeptide group after 6-day treatment, incom-
plete cartilage fissures were observed, with unclear bound-
aries. The chondrocytes were arranged in a cluster, the ma-
trix staining was normal, and the tidemark was relatively
intact (see Figure 3-6). After 12-day treatment, the car-
tilage was extensively fibrotic (up to the radiation layer),
the chondrocytes were normally arranged or disordered, the
matrix staining was slightly faded, and the tidemark was
not intact (see Figure 3-7). The cartilage surface was lo-
cally fibrotic after 18-day treatment (up to the transitional
layer), the chondrocytes were locally numerous and disor-
dered in arrangement, the matrix staining was normal or
mildly faded, and the tidemark was not intact (see Figure
3-8).

In Model group, cartilage fibrosis and fissures were ob-
served after 6-day treatment, with unclear boundaries. The
chondrocytes were arranged in a cluster, the matrix stain-
ing was moderately faded, and the tidemark was intact (see
Figure 3-9). Cartilage fibrosis was observed after 12-day
treatment (up to the radiation layer), the calcification layer
was unobvious, with unclear boundaries. The chondrocytes
were reduced, the matrix staining was faded, and the tide-
mark was not intact (see Figure 3-10). After 18-day treat-
ment, the surface of the cartilage tissues was damaged and
fibrotic up to the calcified layer, which was difficult to be
identified. The chondrocytes were decreased, the matrix
staining was faded severely, and the tidemark disappeared
(see Figure 3-11).

ISSN 2375-8449 E-ISSN 2375-8473



dcc.newcenturyscience.com

Discussion of Clinical Cases

2018, Vol. 5, No. 3

b
i ﬁ’: £

w

()

)

(7

-
-

b

Figure 3: Histological observation of cartilage
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Figure 3-3 Histological observation of cartilage in Radiofrequency Hyperthermia group after 6-day treatment (stained

with HE, x100)

Figure 3-4 Histological observation of cartilage in Radiofrequency Hyperthermia group after 12-day treatment (stained

with HE, x100)

Figure 3-5 Histological observation of cartilage in Radiofrequency Hyperthermia group after 18-day treatment (stained

with HE, x100)

Figure 3-6 Histological observation of cartilage in Lugua Polypeptide group after 6-day treatment (stained with HE,

x100)

Figure 3-7 Histological observation of cartilage in Lugua Polypeptide group after 12-day treatment (stained with HE,

x100)

Figure 3-8 Histological observation of cartilage in Lugua Polypeptide group after 18-day treatment (stained with HE,

x100)

Figure 3-9 Histological observation of cartilage in Model group after 6-day treatment (stained with HE, x100)
Figure 3-10 Histological observation of cartilage in Model group after 12-day treatment (stained with HE, x100)
Figure 3-11 Histological observation of cartilage in Model group after 18-day treatment (stained with HE, x100)

2.2 Comparison of Mankins scores in articular carti-
lage tissues among three groups of experimen-
tal rabbits

At each time point after treatment, Mankins scores in ar-
ticular cartilage tissues were decreased in all the 3 groups,
with that of Model group higher than those of the other
two groups (Model group > Lugua Polypeptide group > Ra-
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diofrequency Hyperthermia group), and the difference was
statistically significant (p <.05); As to the comparison in the
same group, it was found that Mankins scores in Radiofre-
quency Hyperthermia group were decreased with the pro-
longation of treatment time, and the difference was statisti-
cally significant (p < .05). The changes of Mankins scores
in Lugua Polypeptide group and Model group showed no
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obvious regularities, and the difference in the comparison
between different treatment days was not statistically sig-

nificant (p > .05). See Table 1 for specific data.

Table 1: Comparison of Mankins scores in cartilage tissues among three groups of experimental rabbits at different time

points after modeling (scores, T + s)

Group N After 6 d treatment After 12 d treatment  After 18 d treatment
Model group 6 8.50 +1.05™ 9.83 +1.47" 11.50 +1.87"*

Lugua Polypeptide group 6 6.83 £0.75 7.00 £0.89 6.00 £0.63
Radiofrequency Hyperthermia group 6 5.17 +0.75" 450 +1.05" 3.50 +0.55"

Note. In comparison with Lugua Polypeptide group at the same time point, ‘p < .05; In comparison in the same group after 12 d treatment,

*p<.05

2.3 Comparison in the expression of type Il colla-
gen in cartilage tissues among three groups of
experimental rabbits

At each time point after treatment, the expression of type
IT collagen in cartilage tissues were increased in all the 3
groups, with that of Radiofrequency Hyperthermia group
higher than those of the other two groups (Model group
< Lugua Polypeptide group < Radiofrequency Hyperther-
mia group), and the difference between groups was statisti-

cally significant (p <.05); As to the comparison in the same
group, it was found that the expression of type II collagen
in Radiofrequency Hyperthermia group was increased with
the prolongation of treatment time (p < .05); The expression
of type II collagen in Model group was decreased with the
time going by, but the difference was not statistically signif-
icant (p > .05); The expression of type II collagen in Lugua
Polypeptide group was increased with the prolongation of
treatment time, but the difference was of no statistical sig-
nificance (p > .05). See Table 2 for specific data.

Table 2: Comparison of the expression of type II collagen in cartilage tissues among three groups of experimental rabbits

at different time points after modeling (scores, T * s)

Group N After 6 d treatment After 12 d treatment  After 18 d treatment
Model group 6 2.32 +0.25™ 2.05 +0.34" 1.65 +0.26™

Lugua Polypeptide group 6 2.48 +£0.44 2.30 +£0.32 2.57 +0.54
Radiofrequency Hyperthermia group 6 2.64 +0.60" 2.73 +0.19" 3.03 +0.45"

Note. In comparison with Lugua Polypeptide group at the same time point, "p < .05; In comparison in the same group after 12 d treatment,

*p<.05

3 Discussion

Knee OA is one of the most common joint diseases affecting
human health. There is no obvious ethnic or regional differ-
ence. The main manifestations are articular cartilage degen-
eration and secondary hypertrophic osteoarthropathy. As
the disease progresses, the patient gradually develops some
symptoms such as worsened pain, joint stiffness and lim-
ited joint motions, the severe may have difficulty in walking,
with the final disability rate of about 53%.°! Type II colla-
gen is the main component of cartilage matrix, which plays
an important role in inducing chondrocyte genesis, differen-
tiation and migration. It is beneficial to the regeneration of
articular cartilages.''”! Type II collagen is mainly present in
articular cartilages in the body, and its content in other tis-
sues is low. Therefore, the change in cartilage tissues of the
body can be estimated by detecting the level of type II colla-
gen.l'' The clinical treatment of knee OA mainly includes
drug intervention, non-drug intervention and surgical treat-
ment.['?l The goal of treatment is to relieve pain, improve
joint function and life quality, and avoid side effects as much
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as possible.

Studies have shown that the efficacy of radiofrequency hy-
perthermia treatment on knee OA is significantly superior to
other physical treatment methods./* As to in-vitro radiofre-
quency hyperthermia for knee OA, the mechanism may in-
clude: (1) The magnetic field of radiofrequency hyperther-
mia can inhibit the production of free radicals in the body.
During the process of treatment, the heat can increase the
local blood flow velocity, enhance the level of metabolism,
increase tissue inhibitors of matrix metalloproteinases, and
reduce the damage to type II collagen. It is helpful to repair
chondrocytes.!1#! (2) High-frequency electromagnetic os-
cillation generated by in-vitro radiofrequency can accelerate
the exchange of various components in the body, contribute
to the improvement of the body’s immune function, cor-
rect acidosis and promote inflammation resolution, thereby
achieving analgesic and antispasmodic effects.!!>]

Lugua polypeptide also has a good effect on the treatment
of knee OA.!"®! Lugua polypeptide mainly contains osteo-
inductive polypeptide bio-factors, Cucumis melo L. seed ex-
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tract, various free amino acids, organic calcium and phos-
phorus ingredients.['”) It regulates calcium and phospho-
rus metabolism, increases bone calcium deposition, pre-
vents osteoporosis and has anti-inflammatory and analgesic
effects.!'8 Related studies have shown that osteoinductive
polypeptide biological factors in Lugua polypeptide can ef-
fectively promote the synthesis of osteogenic growth factors
that affect bone formation and absorption in the body,!"!
thus promoting osteoblasts growth, delaying bone degener-
ation, reducing inflammatory substances and improving lo-
cal blood circulation. It is one of the commonly used drugs
for clinical treatment of bone diseases.

The results of this study showed that at each time point after
treatment, Mankins scores in cartilages were decreased in
all the 3 groups, with that of Model group higher than those
of the other two groups (Model group > Lugua Polypeptide
group > Radiofrequency Hyperthermia group), and the dif-
ference was statistically significant (p < .05), indicating that
the experimental rabbits in Model group were the poorest in
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