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PE®EPAT
CycTaBHO# XpsI] OMOMEXaHHYCCKH SIBJIICTCSI COCAMHUTEIBHON TKAHBIO, TIO3TOMY
OTCYTCTBUE KPOBEHOCHBIX COCYAOB, HEPBOB, JMM(OTOKA M HU3KUH MeTaboaM3M
»  BEI3BIBAIOT €TI0 MEUICHHOE U OTCPOUYCHHOE BOCCTaHOBIICHHUE. [103TOMY OUeHB Bax-
/™ HO HCIONB30BATh MPABUILHBIE METOABI JIEYEHHs [/ BOCCTAHOBJICHHS XPAIIA.
e Henp uccnenoBanus-MzyueHne BIUSHAS TUIA3MEHHOH CTPYH Ha pEreHEpanuio Ko-
JICHHOTO Xpsla Kpoika. HacTosiiee uccnenoBanne OBUIO MPOBEICHO Ha 12 HOBO-
3eNaHACKUX OENBIX B3POCIBIX KPOJIMKaX-caMilax BecoM mpumepHo 2,0-2,5 kr. [l moaAroToBKU
KOJICHHOI'O Xpslla BBIIIOJHAJINA CAaHAIIUIO KOJIEHHOI'O Xpsllia MYyTEM XOHAPIKTOMUHU METOJIO0M
BBICKAOJIMBAaHUS BO BCEX TpEX Tpymnmnax JECUYCHUA. ITocne TPEX HEACID JICYCHUS KPOJMKOB IO~
BEprajii dBTAaHA3WU, U CTEMEHb pPEreHepali Xpslla PeruCTPUPOBAIN MAKPOCKOMUYECKH U
ITyTeM 3aluch m300pakeHui, a Takke pukcupoBamn B 10% dopmanuHe I THCTOMATOIOTH-
YEeCKOTO HCCIICAOBAHMS. BB BEIOpaH METOJl OKpalIMBaHUs, KOTOPBIH OOBIYHO HCITOIB30BAJICS
B JlabopaTopusix matojorud. HabmrogeHne U n3MepeHue TONMIMIUHBI CyCTaBHOTO XpsIa IPOBO-
JIVUTH C TIOMOIIBIO TIa3HOH ceTKH. U B KOHIE MOJy4YeHHbIE JaHHbIE OBUIH NMPOAaHATTU3UPOBAHEI
CTAaTUCTHUYCCKHU. Pe3ym)TaTm, TIOJTYYCHHBIC B HACTOAMIEM HCCJICIOBAHWU, MOKa3alikd, 4TO UC-
MOJIb30BAHUE METOJA IUIA3MEHHOM CTPYH YIIydIlIaeT XPSIICBYI0 TKaHb TAaKUM 00pa3oM, 4TO
[IPH KCCJICIOBAHNU THCTOMATOJOTHUECKUX CPE30B OBLIO OOHAPY)KEHO, YTO CYCTABHOM XSl B
TpYIIIe TUIa3MEHHOH CTPYH BBI3BIBaCT O0pa30BaHME BOJIOKHHCTOTO XPsIIa B MECTE pa3pylie-
HUS CYCTaBHOTO XPAIla, a TAK)KE MPUMEHEHHE IIa3MOCTPYHHOTO BO3JCHCTBHUS MOJIOKUTEIHHO
BIIMSIET HAa PEreHEPAIIHIO XPSIIa KPOJIHKa.

INTRODUCTION and blood vessels is called a wound. These
The creation of any cracks and loss of injuries may be caused by burns, abrasions
body tissues, whether inside or on the exter- and cuts or even diseases such as diabetes or
nal surface of the body, is referred to as a vascular problems. Wounds are classified
wound, in other words, any damage to soft based on their size, skin penetration and
tissue that includes skin, muscles, nerves, shape[1]. Wound healing and regeneration
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are natural processes of some body tissues.
When the body is injured, a series of com-
plex biological events occur in a coordinated
and balanced cascade to restore and repair
the damaged area.[2] Simple animals have a
high ability to regenerate, because they have
large groups of stem cells in their bodies,
which, by migrating to the damaged parts,
restore the lost tissues.[3] The ability to re-
generate is inversely proportional to the
complexity of the beast. For example, in
many amphibians and water lizards, the abil-
ity to repair is much higher than that of
mammals.[4] In the formation of cartilagi-
nous tissue, the production and secretion of
acidic sugar compounds, including; Glycosa-
minoglycans such as hyaluronic acid and
chondroitin sulfate in the intercellular mate-
rial (ECM) are one of the most important
signs of the differentiation of cartilage cells
(chondroblasts). Wound healing is influ-
enced by host factors, wound characteristics
and other external factors[5-7] In general,
the meaning of wound repair and reconstruc-
tion is the regrowth of cells that are similar
to the damaged cells in terms of structure
and function and replace them. The replace-
ment of the destroyed cells by the prolifera-
tion of reserve cells is possible only in tis-
sues whose cells have the ability to divide
mitotically.[8, 9] For this reason, regenera-
tion in mammalian tissues has limitations
compared to amphibians and some fish. The
healing phase usually starts 3 to 5 days after
the injury and can last 3 to 4 weeks or more
depending on the size of the wound. During
healing, proliferation and proliferation
mechanisms occur, including fibroplasia,
angiogenesis, granulation tissue formation,
and epithelial tissue formation.[10-13]

The knee is the largest joint of the body
and has hinged movements in the form of
bending and opening, as well as rotating
movements around the longitudinal axis to
some extent. The knee joint is more prone to
injury than any other joint in the body, and
this is because of the many forces that this
joint must endure. While walking, a force
equal to 1.5 times the body weight is applied
to the knee, while climbing the stairs, a force
equal to 3-4 times and when squatting or
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sitting on two knees, this amount increases
to 8 times the body weight. Many bones,
ligaments and cartilages are involved in the
formation and maintenance of the knee joint.
[15 ,14 ,7]Cartilage is a type of specialized
connective tissue in which the underlying
substance has a hard consistency. This
intercellular material has elasticity and gives
elasticity to the cartilage and allows the tis-
sue to withstand mechanical pressures with-
out breaking. The main functions of cartilage
are to support soft tissues and to provide a
sliding area by its smooth surface for joints
and thus facilitate the movement of bones.
Cartilage is essential for the growth of long
bones both before and after birth. Like other
connective tissues, cartilage is also com-
posed of filament cells and ground substance
[10] Cartilaginous tissue has no blood ves-
sels and supplies its nutrients by diffusion of
substances from the capillaries in the peri-
chondrium. Failure of nutrients to reach
chondrocytes causes degenerative changes in
cartilage, especially in thick cartilage of old
animals. Matrix calcification is one of the
common consequences of such cartilages.
Basically, the degree of repair in each carti-
lage is different. In addition, in one type of
cartilage, this degree is different and depends
on the location of the cartilage and the age of
the animal. In young cartilage, the perichon-
drium contains mesenchymal cells. The pro-
liferation and differentiation of these cells
causes peripheral growth and proliferation in
cartilage cells causes interstitial growth in
cartilage. As a result, irritation in hyaline
and elastic cartilages for growing animals is
associated with repair, but in adults, the peri-
chondrium is not active and its repair power
is very limited. In addition, the power of
interstitial growth has also been lost, as a
result, repair in mature cartilage is generally
done by the fibrous connective tissue in the
perichondrium or the hard collagen connec-
tive tissue of the fascia around the cartilage.
Sometimes, the repair tissue may gradually
turn into cartilage tissue, but this tissue is
probably of fibrocartilage type.[3, 10]
Plasma is a complex collection of elec-
trons, positive and negative ions, charged
and neutral atoms and molecules, ultraviolet
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and heat radiations, electromagnetic fields
and free radicals, etc. and usually Due to
temperature, electric fields and different
types of radiation are detected in it, and
when all these things are applied simultane-
ously on living tissues without causing ther-
mal damage or destructive effects of perfor-
mance. It affects them biologically and leads
to changing their physical and chemical
properties. In fact, this device causes chang-
es on the skin membrane by creating an elec-
tric flux between the applicator. In the last
decade, cold argon plasma was used to re-
move microorganisms due to the production
of ultraviolet rays and plasma ions.[16]
Among the advantages of the gaseous form
of plasma, it can be mentioned that it can
penetrate uneven surfaces and cavities small-
er than micrometers, which the use of tradi-
tional chemical and fluid techniques had
failed in this field. Another advantage of
plasma is its ability to be used without con-
tact, without pain, safe and non-invasive,
and it also reduces treatment costs in the
field of bedsores. The simplicity and flexi-
bility of the cold plasma producing devices
along with the treatment of skin diseases has
made it a desirable and practical method in
wound treatment. Considering that there is
no satisfactory method in the field of treating
chronic and complex and incurable wounds,
new concepts and strategies are urgently
needed for faster treatment and healing of
these types of wounds. According to the
function of cold plasma, by its disinfecting
effects and by stimulating the proliferation
and migration of skin cells and by activating
or inhibiting the integrin receptors on the
cell surface or by the effects of angiogenesis,
it causes wound healing and also in cases
such as covering Implant surface, hemostasis
and sterilization of surgical instruments can
also be used. According to the laboratory
studies, the effect of cold plasma on the
growth and differentiation of keratinocytes
and fibroblasts has also been realized. Since
the cartilage of the nasal septum, the surface
of the bone joints and the ventral end of the
ribs in humans is of a hyaline type, similar to
rabbit ears, therefore, the results of the repair
and regeneration of rabbit cartilage by plas-
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ma jet can be generalized to humans.[17]
Therefore, the purpose of this study was to
regenerate rabbit cartilage with plasma jet.

MATERIALS AND METHOD

The current research was conducted on
12 New Zealand white adult male rabbits
weighing approximately 2.5-2.5 kg. Rabbits
were kept separately in racks in the animal
house under the same conditions and a cycle
of 12 hours of light and 12 hours of darkness
and at a temperature of 20-25 degrees Celsi-
us.

Cartilage sampling

In order to prepare the knee cartilage,
knee cartilage debridement was performed
by chondrectomy with scraping method in
treatment groups one to three. For the pur-
pose of the mentioned surgery, the treatment
groups were anesthetized with the anesthetic
ketamine in the amount of 90 mg/kg and
xylazine in the amount of 10 mg/kg intraper-
itoneally. The steps of preparing the surgical
surface included complete shaving of the
leg, disinfection with betadine and alcohol,
and dressing. After scraping, the skin and
subcutaneous cartilage were sutured, and
oxytetracycline spray and injection were
used to prevent possible infections. At this
stage, the treatment groups were treated for
their own group in 21 days. The first treat-
ment group was subjected to plasma jet radi-
ation daily for 30 seconds. The second treat-
ment group was simultaneously treated with
risedronate (0.07 mg/kg/day) and glucosa-
mine (21.5 mg/kg/day). The treatment of the
third treatment group was natural without
intervention.

Review of cartilage regeneration

After three weeks of treatment, the rab-
bits were sacrificed with a high dose of anes-
thetic at the indicated times. The amount of
cartilage regeneration was done macroscopi-
cally and by recording the images and they
were fixed in 10% formalin for histopatholo-
gy test. Tissue processing and sectioning (5
microns) were performed. Finally, staining,
the staining method that was commonly used
in pathology laboratories. Observation and
measurement of articular cartilage thickness
was done with eye graticule and image j.
The data obtained from the present study
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were evaluated using SPSS version 24 and RESULTS

the obtained data were analyzed using the The results obtained in the present study
Tukey test. A significance level of p<0.05 indicated that plasma jet regenerates rabbit
was considered. cartilage.

Chart 1
Scoring of the studied groups

pathological score
w

DAY 0 CONTROL GLUCOSAMINE PLASMA JET
Axis Title

M cartilage surface BMECM

Figure 1: Cross-section of articular car- Figure 2: Cross-section of the articular
tilage on day zero, where complete destruc- cartilage in the control group, which can be
tion of cartilage (arrow) is observed seen in the place of destruction of the articu-

lar cartilage of the fibrotic tissue (arrow).

382



Mex0dyHapoOdHbIli eecmHuk eemepuHapuu, Ne 2, 2023 2.

N

Figure 4: Cross-section of the articular

cartilage in the control group, which can be cartilage in the control group, which can be
seen in the place of destruction of the articu- seen in the place of destruction of the articular
lar cartilage of fibrotic tissue (arrowhead). cartilage, fibrotic tissue (arrowhead) above the
bone below the joint (arrow)
- T

- - . 9 P ki
Figure 5: Cross-section of articular car- Figure 6: Cross-section of articular car-
tilage in the glucosamine group, which is tilage in the glucosamine group, which is
seen above the subarticular bone (SCB), in seen above the subarticular bone (SCB), in
the place of articular cartilage destruction the place of articular cartilage destruction of
of fibrotic tissue (arrow). fibrotic tissue (arrow).

Figure 7: Cross-section of articular car- Figure 8: Cross-section of articular carti-

tilage in the glucosamine group, which can lage in the plasma jet group, which can be seen
be seen in the place of articular cartilage above the subarticular bone (SCB), in the
destruction of fibrotic tissue (arrow) place of articular cartilage destruction, fibro-

cartilage tissue (arrowhead)
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Figure 9: Cross-section of articular car-
tilage in the plasmajet group, which can be
seen above the subarticular bone (SCB), in
the place of destruction of articular carti-
lage, fibrocartilage tissue (arrowhead)

DISCUSSION AND CONCLUSION

Burn wound healing is a dynamic, com-
plex and interactive process, and although
superficial burns heal by itself, the process is
slow and may lead to many complications,
including infection and scar formation.[18,
19] The role of cold plasma and its ionic
factors in the burn wound healing process
has not been fully determined, but so far,
several studies have been conducted on the
positive effect of this type of treatment on
the wound healing process. Wound healing
begins with the inflammation phase of kill-
ing bacteria and continues with the prolifera-
tion phase of angiogenesis, the formation of
collagen, the formation of epithelial tissue
and the reduction of the size of the wound,
and ends with the destruction of the wound.
[2, 20-22] The findings obtained in this re-
search indicated that plasma jet regenerates
rabbit cartilage. It is worth noting that so far
there have been very limited studies on the
effect of plasma jet on rabbit cartilage repair,
in this section similar studies will be re-
viewed.[23] Shimatani et al. (2021) in a
study investigating the effect of non-thermal
gas discharge plasma under atmospheric
pressure on the treatment of rabbit bone de-
fects stated that the improvement of large
bone defects was observed by X-ray imaging
more than eight weeks after the operation. X
-ray results showed a clear difference in new
bone occupation of large bone defects
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Figure 10: Cross-section of articular
cartilage in the plasmajet group, which can
be seen in the place of destruction of articu-

lar cartilage, fibrocartilage tissue

(arrowhead)

among groups with different times of plasma
treatment, while new bone occupation was
not significant in the control group without
treatment. Based on the results of computed
tomography analysis at eight weeks, the
most successful bone regeneration was
achieved using a plasma treatment time of
10 minutes, while the new bone volume was
1.51 times greater than the plasma control
group (Shimatani et al., 2021). The results of
this study are consistent with the findings of
the present study in terms of the effect of the
plasma jet method on bone and cartilage
tissue repair[23]. Manafi et al. (2012) in a
study investigating the effects of platelet-
rich plasma on cartilage grafting in rabbits
stated that histological findings showed that
in intact and crushed cartilage, the addition
of platelet-rich plasma led to It increases the
regeneration of chondrocytes. In addition,
the addition of platelet-rich plasma to the
intact cartilage had a significant effect on
maintaining the weight and volume of the
grafts.[24] Dere Lo et al. (2020) in a study
investigating the healing effect of cold plas-
ma on burned skin in adult Syrian mice stat-
ed that the macroscopic study of the wound
area showed that the treatment of mice with
cold plasma reduced the diameter of the
burned area. Also, the thickness of the skin
layers (corneal layers, epidermis, dermis and
hypodermis) in the experimental groups has
increased significantly compared to the burn



Mex0dyHapoOdHbIli eecmHuk eemepuHapuu, Ne 2, 2023 2.

control group, as well as the number and
diameter of skin vessels compared to the
burn control group. has increased signifi-
cantly. The area of the wound also decreased
significantly compared to the burn control
group on the seventh day. The results
showed that the cold plasma radiation of
helium gas was effective in all indicators of
wound healing and its induction at the time
of burn can help to accelerate wound healing
[25]. Al-Ebrahim et al. (2018) in a study
investigating the effect of cold argon plasma
at atmospheric pressure on increasing the
speed of blood coagulation and healing of
full-thickness skin wounds in rats stated that
plasma radiation increased the speed of
blood coagulation in skin wounds in vivo.
According to histopathological findings, the
rats in the plasma treatment group showed a
significantly better process in the healing of
the full-thickness skin wound. Therefore,
cold argon plasma can be used to increase
the speed of blood coagulation and improve
the healing process in skin wounds[26]. On
the other hand, research has shown that cold
plasma helps to improve and accelerate
wound healing without damaging the tissues
around the wound. Brun et al. showed in
2012 that cold plasma does not have a nega-
tive effect on the surrounding tissue and
does not cause damage to these cells[27]. In
research that used atmospheric pressure cold
plasma for wound healing, it was observed
that appropriate doses of cold plasma can
inactivate bacteria around the wound and
activate fibroblasts in the wound tissue and
ultimately lead to wound healing. A higher
plasma dose suppresses wound healing due
to cell death by apoptosis or necrosis[28]. In
another study, researchers conducted on the
effect of cold helium gas plasma on the heal-
ing of diabetic foot wounds. It was observed
that three days after treatment with cold plas-
ma, signs of recovery can be seen, and treat-
ment with this method causes cell prolifera-
tion and regrowth of the epidermis, creating
the epidermal layer, as well as the formation
of granular tissue and the keratin layer. In
general, the results obtained in the present
study indicated that the use of plasma jet
method improves the cartilage tissue in such
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a way that by examining the histopathologi-
cal sections, it was determined that the artic-
ular cartilage in the plasma jet group caused
the formation of fibrocartilage tissue at the
site of articular cartilage destruction. In this
research, there are 4 groups. The first group
with a living sample is called day zero,
which is only taken after knee cartilage deb-
ridement. The other three groups undergo
some kind of treatment for three weeks from
the time of knee cartilage debridement to
sampling. The findings show that in this
treatment period, glucosamine supplements
do not make a significant difference in the
recovery of joint damage. According to the
results obtained in the present study, the use
of plasma jet has a positive effect on the
regeneration of rabbit cartilage.

INVESTIGATING THE EFFECT OF
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ABSTRACT

Articular cartilage is a connective tissue
biomechanically, so the absence of blood
vessels, nerves, lymph flow and low metabo-
lism causes its slow and delayed regenera-
tion. Therefore, it is very important to use
the correct treatment methods for cartilage
healing. Purpose of study: Investigating the
effect of plasma jet on rabbit knee cartilage
regeneration. The present research was con-
ducted on 12 New Zealand white adult male
rabbits weighing approximately 2.0-2.5 kg.
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In order to prepare the knee cartilage, its
debridement was sanitized by chondrectomy
with scraping method in all three treatment
groups. After three weeks of treatment, the
rabbits were euthanized and the amount of
cartilage regeneration was recorded macro-
scopically and by recording images, and
samples were fixed in 10% formalin for his-
topathology test. The commonly used in
pathology laboratories staining method was
chosen. Observation and measurement of
articular cartilage thickness was done with
eye graticule. And at the end, the obtained
data were analyzed statistically. The results
obtained in the present study indicated that
the use of plasma jet method improves the
cartilage tissue in such a way that by exam-
ining the histopathological sections, it was
found that the articular cartilage in the plas-
ma jet group caused the formation of fibro-
cartilage tissue in the place of injury. Plasma
jet has a positive effect on rabbit cartilage
regeneration.
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