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3B'A3KM Ta aJbBEOJSIPHOTO  BIIPOCTKY  IuEJeN, IO
MITBEPIUKYETbCS CYTTEBUM 30UIBILEHHSM KOHIIEHTpALil
BUIBHOTO  OKCHIIPOJIiHY, TIJiKO3aMmiHOTikaHiB Ta  N-
aneruinHeiipamiHoBoi kucnotu. 3actocyBanHs APDTC 3a
ymoB C3B icTOTHO 3MeHIIy€e y M'SIKHX 1 KICTKOBIi TKaHMHAX
MapoOHTA JCTONIMEPU3aLil0 KOJIareHy, IPOTEOTIIiKaHiB Ta
ClalOrIKONPOTEiHiB, ~ OOMeXye  CTymiHb  pe3opOuil
aJIbBEOJIIPHOTO BIPOCTKA Ierer. 3po0IeH0 BUCHOBOK, IO
3acTocyBaHHs Li€i cnonyku mpu C3B e eekTHBHAM 3ac000M
KOpeKIii Je3opraHizaiii croiy4Hol TKaHHHH MapoJOHTa
HIypiB.

Kuarouosi ciioBa: snepuuii pakrop kanma B, cucremua
3amanpHa BiANOBiAb, OIOMONIMEPH CIIONYYHOI TKAHHHH,
KOJIareH, IPOTEOITiKaHH, IIIKOPOTETHH, HapOJIOHT.
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CBSA3KM M  QIbBEOJIIPHOIO  OTPOCTKA  YENIOCTEH,  YTO
MOATBEPIKIACTCS CYIIECTBEHHBIM YBEJIMUCHHEM KOHIIEHTPALUU
CBOOOJHOTO OKCHIIPOJMHA, TIJIMKO3aMHMHOIVIMKAHOB H  N-
aneTuiHeiipaMmuaoBoit kucinotsl. [Ipumenenue APDTCpu CBO
CYLIECTBEHHO yMEHBIIAET B MSATKHX M KOCTHOH TKaHAX
MapoJOHTa JIEMOJUMEPU3ALMI0 KOJIareHa, MPOTEOrIMKAHOB U

CHAJIOTJIHKONIPOTEHHOB, OTrPAHHYMBACT CTCICHb PE30POIHH
QIBBCOJSIPHOTO  OTPOCTKAa denrocteit. CraenaH BBIBOJ, 4TO
mpuMeHnenre droro  coeamHenms npu  C3B  sBmsercs
9 deKTUBHBIM  CPEIACTBOM  KOPPEKLHH  JAe30pTraHU3aLiH

COCIMHUTEIBHOW TKaHHU MapOIOHTa KPBIC.

KuroueBsble cjioBa: spepHblil (hakTop Kanna B, cucteMubiit
BOCITAJIUTEIBHBINA OTBET, OMOMOIMMEDPDI COCTHHUTEIBHON TKAHH,
KOJIJIATeH, MPOTEOTIMKAHBI, TJIMKONPOTCHHBI, ITAPOJIOHT.
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EFFECTIVENESS OF THE PLATELET-RICH PLASMA APPLICATI ON AT DIFFERENT
SIMULATION PERIODS OF DEGENERATIVE DISC DISEASE IN RATS
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The article describes the study of the plateldt-rijasma application effectiveness for tissue regmion of
intervertebral discs in rats with simulated degatiee disk disease of the caudal vertebrae forr@D days. The experiment
involved 80 rats, which were divided into four gpsuGroup | — rats with a simulated pathology withcorrection for 60 days,
Group Il — rats with a simulated pathology witheatrection for 90 days, Group Ill — rats with alp#bgy and its correction for
60 days, Group IV — rats with a pathology and @section for 90 days. The described morphologitenges in the invertebral
disk tissue suggest that the application of pl&teth plasma in the pathology simulation for 6/sléeads to the degenerative
process inhibition and restores the invertebrak disucture. The application of platelet-rich plashor 90-day pathology
simulation is less effective.

Key words: degenerative disk disease, intervertebral diboofis ring, nucleus pulposus, platelet-rich plasma.

The work is a fragment of the research project ‘Gevelop and substantiate methods of correctiorivef ffibrous
changes at chronic hepatitis and cirrhosis”, staggistration No. 0116U008927.

Spinal diseases take the second place among tBescatitemporary disability, and, eventually,
often lead to permanent disability [2]. In 90% @fses, spinal diseases are based on degeneratve dis
disease (DDD) [3]. At the age of 30 years, signBbD are detected in 57% of cases, and at the &g@ o
years and older — in 100% [3]. In Ukraine, annualbput 1 million patients with DDD seek medicalel
more than 16 thousand of them subsequently bec@abldd. Thus, this pathology is of great impor&anc
not only for the medical, but also for the soci@ms@mic sphere.

Currently, the study of the effectiveness of tissherapy application to regenerate the
intervertebral disc (IVD) structure after DDD is pmomising area. The literature data indicate the
effectiveness of using some growth factors foritibervertebral disk morphology regeneration aft&D
in the experiment [9]. The use of platelet-richspfe (PRP) on IVD tissues in laboratory rats afteracute
IVD injury in the early stages of the DDD formatibas a positive effect [7, 8]. However, often DDD-
associated visits to medical institutions for dfiedi care occur after the first clinical manifegias, when
the pathological process is already expressed.

The purposeof work was to study the efficiency of using PRRHa DDD simulation for 60 and
90 days.

Materials and methods.The study was carried out on Whistar rats of bettes aged 4-6 months
(80 animals), which were divided into four grou@oup | — animals with DDD for 60 days, without
correction; Group Il — animals with DDD for 90 daydthout correction; Group Ill — animals with DDD
for 60 days, which were injected with PRP; Groupl&nimals with DDD for 90 days, which were injette
with PRP. A separate group (10 animals) studiedtast animals. Animal preparation, anesthesiayeyr,
postoperative care and terminal sacrifice werei@drout in accordance with the Law of Ukraine "On
protection animals from brutal treatment" No. 27i. 30 of 2006, and the general principles ofcesttuf
experiments on animals and the Code of Ethics foaidian Scientists.
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The experiment was performed in the research lamyradf the Department of Normal and
Pathological Clinical Anatomy of Odessa Nationaldital University (ONMedU) by forming static
compression-distension of the caudal vertebragioias column [5]. The surgical procedure took place
under general ether anesthesia. 2% lidocaine solutas used for pain relief. The procedure wadezhrr
out in two stages. First, a stump was formed bytalieesection at the level of CcXIV-CcXV. Thereth
stump was sutured to the muscles and ligamented@imbosacral spine. After treating the surgicalimd
with an antiseptic and applying the postoperatirassing, the animals were placed in a warm comntaine
until awakened, and then transferred to the cBlldhology was simulated within 60 and 90 days after
surgery. Then, animals of Groups Il and IV wergdated subcutaneously in the base of the tail @ith
ml of PRP twice with an interval of seven days. RRRE obtained immediately before administration, by
isolating it from whole blood on a SmartPrep pregian (manufactured by Harvester Corp, USA). The
first day of the experiment was considered theaftsr the last PRP injection. Animals were saceifion
the 14th and 28th day of the experiment via etheraonse inhalation.

After the experiment, a section with two adjacesittebrae in the area of the greatest tail flexure
was excised for the pathomorphological study. Tihta@ioed objects were formalin-fixed, decalcifiedda
further prepared and stained with hematoxylin-eamicording to standard methods [1]. Histologic
specimens were studied using a Leica DM750 lightrosicope using standard microscopy and
morphometric methods [1]. The significance of difieces between the two samples was determined using
Student's parametric criterion. The Student's adefft value was determined with the number of degr
of freedom equal to (n1+n2-2). The significancetlté differences between the two samples (p) was
calculated using the distribution table. The ddéfeze was considered significant if the probabititya
random difference did not exceed 0.0%(.05).

Results of the study and their discussiornThe intervertebral discs of intact animals consiste
a centrally located nucleus pulposus, which wasosided on the periphery by a fibrous ring with an
almost symmetrical shape. The nucleus pulposus (Nig) a regular oval shape, consisted of large
notochordal cells and small chondrocytes. Notochlardlls were located mainly in the central paft$he
nucleus in clusters of 4-6 cells, and chondrocyiere located on the periphery. The fibrous ring)(wRs
represented by plates of collagen fibers of theitodinal direction with fibroblasts and chondroeyt
located between them. At the border of the IVD wlith epiphysial cartilage of neighboring vertebexe]
plates consisting of round and spindle-shaped Whalsopells located in 1-2 layers were located fatéo
each other. The IVD thickness of intact animaldoth sides was almost the same and averaged 1086+0.

mm. The NP cross-section area in the central fahieodisk was equal to 4.21+0.16 m(table 1).T ble 1
aple

Morphometric indicators of intervertebral discs in rats

GrouplIl Group IV
in 14 days in 28 days| in 14 days in 28 days
FR on compression | 1.75+0.11 1.2240.12*%| 0.62+0.057 1.61+0.13 1.59+0.1P 0.78+0.05* | 0.76+0.05*
side (mm)
FR on distension side¢ 1.75+0.11 2.14+0.15 1.48+0.05 2.16+0.22 2.02+0.19 .7640.08 1.70+0.08
(mm)

Parameter Control Grodp Group Il

4.21+0.16 2.37+0.21*| 0.91+0.121 2.97+0.19* 2.964®¢1| 1.18+0.05* | 1.17+0.05*
NP area (mm?)

* - p <0.05 — the difference is significant relative e tontrol

Histological examination of IVD in Group | (simuiah of DDD for 60 days) revealed the
asymmetry of its structures. On the compressioe, siddecrease in the thickness of the fibrouswiag
observed. Its plates were flattened and stratifiedhe central areas of compression, rupturesldgen
fibers with the presence of polymorphic fissured &oti of fibrinoid necrosis were noted. Between th
fibers were single fibrocytes with signs of dystmgpThe thickness on the compression side was 0.22+
mm, and on the distension side — 2.14+0.15 mm.ntlobeus pulposus was reduced in size and displaced
towards distension. Its area in the central pathefdisk was 2.37+0.21 nfmThe nuclear matrix was
heterogeneous, consisting of complexes of 3-4 hatatal cells of preserved structure and areas witho
cells. There were signs of vacuole dystrophy imiheleus cells. The end plate consisted of predantiy
preserved cells located in 1-2 rows, and contaireds of necrosis (fig. 1).

On histological preparations of IVD in animals afo@p I, a sharp asymmetry of their structures
was noted. The IVD thickness on the compressioa wigs 0.62+0.05 mm. The FR collagen fibers on the
compression side were sharply compressed, andrie ptaces they were broken. Among them are single
fibrocytes and chondrocytes with signs of dystropbig the distension side, the FR collagen fibersewe
stretched, stratified, and contained polymorplssures and multiple ruptures. The IVD thicknesshen
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distension side was 1.48+0.05 mm. There were sifivacuole dystrophy in the FR cells. The nucleus
pulposus was irregular in shape, sharply reducesize and displaced towards distension. Its matrix
contained significant cell-free foci. Notochordallls were located singly and in groups of 2-3 gells
forming clusters. Most of the cells were in thegstaf hydropic degeneration. The end plate conthine
numerous foci of necrosis and ossification (fig. 2)

R

o
Fig. 2. Morpho

I of the :inv_tervertebral disc ofrat Wit

c
simulated DDD for 60 days. Staining: hematoxyliosie, x 40 simulated DDD for 90 days. Staining: hematoxyliosia, x 100

The study of preparations of the Group Il showealrestoration of the invertebral disk structure,
mainly due to the fibrous ring tissues. 14 daysratte PRP administration, the restoration of thetis
ring thickness (1.61+0.13 mm) was observed on timepression side. The fibers were less flattened and
stratified than in a group without correction. CHoocytes of 2-4 cells with signs of proliferatiorere
located between the fibers. There were no focilwfrfoid necrosis. The FR thickness on the dist@msi
side was 2.16+0.22 mm. The nucleus pulposus waadisd towards distension and reduced in volume.
Its cross-sectional area was 2.97+0.19’mfine nuclear matrix contained clusters of 3-4 obtwdal
cells with moderate polymorphism and vacuolateaghtsm. Signs of synthetic activity were occured
in the cells. An increase in the chondrocytes numbeaoted near the EP, and in the plate itself the
number of necrosis foci is reduced and there ayessof synthetic cell activity. 28 days after tHeFRP
administration, signs of synthetic activity of ttisk cells persisted. The fibrous plates of thedtier
layer were stratified with breaks. The inner layefshe FR were without breaks. Pockets of fibréhoi
necrosis were absent or were very isolated. Betwleeffibers were located chondrocytes with signs of
proliferation. The thickness of the fibrous ring tive compression side was 1.59+0.12 mm, on the
distension side — 2.02+0.19 mm. The nucleus pulpostained a displaced position in the disk; itsaar
in the central part of the disk remained almostamged (2.96+0.19 min In the nuclear matrix, against
the background of large cells with signs of dyslwpgollected in groups, the number of small single
cells visually increased.

In the IVD tissues of animals of Group IV, the rewed pulposus asymmetry and a decrease in
the disk thickness on the compression side wergepved. On the 14th day after the PRP administratio
in the outer layers of the FR there are signs mfcstire restoration against the background of g lon
degenerative process. The plates of the FR ouyer lere stratified, contained longitudinal fissire
and single breaks. Foci of fibrinoid necrosis of3@Mum, reaching up to %2 of the fibrous ring thickness,
were noted in the compression area. The platdsedfR inner layer were more preserved and organized
Hypertrophic fibrocytes with signs of syntheticiaity were found between the fibers and near tre fo
of necrosis. The disk thickness on the compressid®was 0.78+0.05 mm, and on the distension side —
1.76+0.08 mm. The nucleus pulposus cut area ircémral part of the disc was 1.18+0.05 fnts
matrix was heterogeneous and contained cell-freasaand cavities. Notochordal cells were located
singly or clustered in 2-3 cells. Some cells weraistate of vacuole dystrophy, while others forraed
heterogeneous matrix around themselves. The eneéspheere thinned and contained single cells with
signs of synthetic activity. Numerous cells withraserved structure of various sizes were obsearead
the EP.

On the 28th day of the experiment, the positiveafdof PRP on the disc tissue was observed. The
plates of the FR outer layer were disorganizedstratified, contained longitudinal fissures 2049 in
size. The fiber ruptures in the inner layers of Rewere single. Foci of fibrinoid necrosis wergatbon
the compression side. Fibroblasts with signs offsstic activity were located between the FR plaié®
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disk thickness on the compression side was 0.7643u®, and on the distension side — 1.70+0.08 mm.
The nucleus pulposus cut area in the central panecdisc was 1.17+0.05 nfnThe matrix of the nucleus
pulposus was compacted and contained cell-freesaM@ochordal cells of the nucleus pulposus were
represented by solid clusters and elongated coraplédgainst the background of notochordal celth@n
stage of vacuole dystrophy and necrobiosis, smakdls were determined. The end plates contained
chondrocytes with signs of synthetic activity.

Studying the histological preparations of animdl&ooup | and Il, and comparing them with the
control, revealed the occurrence and progressicie@énerative changes in the tissues of FR and NP.
is evidenced by increasing the FR fibrinoid ne@dsci and polymorphic fissures, clusters destancéind
an increase in the NP cell-free areas, an incneasee EP necrotic sections, as well as signs dfdyic
degeneration of the disk cells. Morphometric analysvealed a decrease in the fibrous ring thickmes
the compression side to 69.7% (Group 1) and 35.@%p 1) of the intact disk thickness. The nucleus
pulposus was displaced toward distension, itsiartiee central part of the disk decreased to 5§G%oup
1) and 21.6% (Group II) of the intact disk.

A study of the intervertebral discs of animalstoé Groups Ill and IV revealed the effectiveness
of the PRP administration for the regenerationagfeherative discs. This is evidenced by an imprevem
in the structure of the fibrous ring plates, a dase in the number and size of fibrinoid necrasts, s
well as signs of fibrocyte proliferation. Matrix steration, the appearance of synthetic activity of
notochordal cells and an increase in the numbehofidrocytes are noted in the NP tissues. NedEfhe
there is an increase in the chondrocytes numbdriretine plates themselves — a decrease in the eofib
necrosis foci and a high synthetic activity of tedis.

After 14 days, the PRP administration in GroupcBbhtributed to the restoration of the 92% FR
thickness of the intact disc on the compressior.dzh the distension side, the thickness of thedi®
ring was 23% greater than the intact discs. Théemsqulposus area after correction amounted %#40.
of intact discs. A comparison of disk preparatiafter 14 and 28 days from the PRP administratian di
not reveal statistically significant differencediioh can indicate a prolonged effect of growth dast

14 days after the PRP administration to the Gréupflanimals, the fibrous ring thickness on the
compression side was 44.6%, and the NP area waoR8%act discs. This indicates a lower effecthwit
the PRP administration in the late terms of DDDudation.

PRP is a small fraction of plasma with a high comi@ion of platelets. The regenerative effect of
PRP is based on the effect of a cocktail of grofatttors [11, 12]. With the PRP administration into
degenerative discs at the early stages of DDD sitiaul (60 days), a lot of biologically active grdwt
factors are released that contribute to tissuarbganctivating the regenerative potential of digkls [11].
The effect of the PRP administration is observadraivo weeks and persists for at least another fou
weeks. Against the background of a longer DDD satioh (up to 90 days), when the number of discscell
and their regenerative potential are reduced, Rie2 &ministration has a lower effect.

Of course, we cannot say that our experimental BddBulation in rats fully reflects the natural
course of spinal diseases, if only because of thegmce of ongoing compression on the discs in afase
illness. However, the literature data indicate thi is one of the closest morphological manifiste of
the options for DDD simulation [4].

Obviously, the PRP administration has an activemegative effect on the IVD tissues for 28 days,
and possibly longer, which can be revealed in these of further experiments. It should be remesetber
that the quality of PRP, prepared using commonlgdutaboratory centrifugation procedures may
vary [13].

1. The formation of static compression-distensibthe caudal vertebrae of spinal column in rats
for 60 days leads to a pronounced degenerative dis&ase, which is manifested by mechanical
displacement and damage to the tissues of thevertebral disc, resizing of the disc componentsyels
as the occurrence of degenerative processes tetlsghemselves.

2. The formation of static compression-distensibthe caudal vertebrae of spinal column in rats
for 90 days leads to the progression of degeneratisk disease in the intervertebral discs and the
development of irreversible tissue changes.

3. The administration of platelet-rich plasma dgrine DDD simulation for 60 days is effective in
tissue regeneration and helps to restore the ths&tsre.

4. The use of platelet-rich plasma during the DOrbusation for 90 days has a positive effect on
the inhibition of the pathological process in thgkd, but, however, a significant restoration ofpimlogy
iS not observed.
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E®EKTHUBHICTb 3ACTOCYBAHHS
3BATAYEHOI TPOMBOIIUTAMU TIJIASMH
IPU PI3BHUX TEPMIHAX MOJEJIIOBAHHS

JETEHEPATUBHO-AJUCTPO®IYHOI'O
YPA’KEHHSA XPEBTA Y IIYPIB
3anopoxkan B.M., Anneasxanc O.J1., Hiopyna O.B.

Y craTTi OmUCAaHO JOCHiMKEHHS e(EeKTUBHOCTI
3acTOoCyBaHHS 30aradeHoi TpPOMOOIMTAMH IUTa3MH IS
BITHOBJICHHS TKaHUH MDKXpEOLEBUX [HCKIB IOypiB 3
MOJIETTbOBAaHUM JIETCHEPATUBHO-AUCTPOPIUHIM ypaKeHHIM
XBOCTOBOrO Bimminy xpebra mpotsrom 60 ta 90 nnis. B
excriepuMeHTi Opanu yuacts 801ypiB, siki Oyiu po3noaineHi
Ha dYoTtupu TIpymu: | rpyma — mypum 3 MOJETbOBAHOIO
naroJoriero npotsarom 60 aHiB 6e3 kopekuii, II rpyna —ugypu
3 MOAeNbOoBaHOW matoiorieto mpotsrom 90 nHiB Ge3
kxopekuii, III rpyma — mypm 3 matonoriero 60 nHiB Ta
kopekuiero, IV — mypwu 3 narosnoriero 90 nHIB Ta KOpEKI€lo.
OmnucanHi MOpdoJIOTiYHI 3MIHM TKaHUH JUCKIB JAIOTh 3MOTY
CTBEP.DKYBATH, 1110 3aCTOCYBaHHs 30araueHoi TpoMOouTaMu
IUIa3MH TIPH MOJIeNIFOBaHHI narosiorii 60 AHIB MPU3BOIUTE 10
rajbMyBaHHS JIETCHEPATHBHOIO MPOLECY Ta BiJHOBIIOE
CTPYKTYpY AUCKY. 3aCTOCYBaHHA 30araueHoi TpoMOOLUTaMHU
IUTa3MU TIpy MojemtoBanHi matonorii 90 qHIB Mae MEHIIHH
TIO3UTUBHUN €(EKT.

KirouoBi cioBa:
ypaxkeHHs xpeOra,
KiJgblle, ApariucTe sJpo,
miasma.

JeTeHEepaTUBHO-AUCTpOdiuHe
MiKXpeOueBnii Tuck, (idpo3He
30arayeHa TpoMOoUTAMHU
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SOPEKTUBHOCTHh IPUMEHEHUS
OBOT'AIIIEHHOM TPOMBOLIMTAMM ILJIA3MBI
IPU PA3JIMYHBIX CPOKAX MOJEJUPOBAHUS
JETEHEPATUBHO-JUCTPO®HUYECKOI'O
MMOPAKEHMUS IO3BOHOYHUKA VY KPBIC
3anopoxan B.H., Anneasxanc E.JI., liopyna A.B.
B crartee ommcano wucciaenoBanue 3(GHEKTHBHOCTH

NPUMEHEHUs O0OTAlCHHOH TPOMOOLMTaMM IUIa3Mbl  JUIs
BOCCTAHOBJICHHSI TKaHEH MEXKIIO3BOHKOBBEIX IHCKOB KpBIC C
MOJIETIHPYEMBIM JieTeHepaTHBHO-TUCTPOYUIECKUM
HOpaXEHHEM XBOCTOBOTO OT/IeJIa IO3BOHOYHMKA B TeueHue 60
u 90 nueit. B skcniepumente yuactBoBain 80 KpbIC, KOTOPBIE
ObUIM pa3fieNieHbl Ha yeTbipe Ipynmbl: | rpynma — KpbICH C
Mozenupyemoit martomorueii B Teuenne 60 nHelr 6e3
Koppekuuy, |l rpymnmna — KpBICH ¢ MOAETUPYEMOH MaTOIOTHEN
B teueHne 90 mueit Oe3 koppekuuw, Il Tpymma — KpbicH ¢
narosnoruet 60 nHel u koppeknuett , |V —KpbICH ¢ matoiorueit
90 nmmeit um xoppekmueidt. OmnmcanHble MOp(hOIOTHIECKUE
W3MEHEHUs. TKaHeil IUCKOB MO3BOJAIOT YTBEPXKIAaTh, 4YTO
NpUMEHEeHHe OOOTAIeHHOH TPOMOOIMTaMH ILIa3MBl HPH
MOJIeJIMPOBaHUHM NaTosioruu 60 1Hel NPUBOAUT K TOPMOXKEHHUIO
JIeT€HEePaTUBHOIO MpOLiecca M BOCCTAHABIMBACT CTPYKTYPY
micka. [IpuMmeHeHHe OOOTAIIEeHHOH TPOMOOIMTAMH IUIA3MBI
nipu MozenupoBanuu narojoruu 90 nueit meHee 3¢ heKTHBHO.
KnrodeBbie cioBa: JereHepaTHBHO-IHCTPO(dIIEcKoe
MOpakeHWe  IMTO3BOHOYHMKA,  MEXKIIO3BOHOYHBIA  JTHCK,
¢ubpo3HOE  KOJIBLIO, CTYIEHUCTOE s1po, oborarieHHas

TPOMOOLIUTAMH IIJIa3Ma.
Penensent €pomenko I'.A.
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