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The Wound Healing Effect of Allogeneic Freeze-Dried Platelet-Rich Plasma

in @ Full-Thickness Wound Animal Model

Adralvact

Enckground: Epahebaliznion iz m edicator ol womsd henlmg. Flseles-rich plesna (PRI may scoekeraie
the wpibfiaheation of S wound dee (0 Righ amminl of gewts s, Gemerallh allogemene PRP
precides o smaller immunological effect than ssologous FEFE By a &tmhﬂmﬂhrﬂ. 115 nssumed
thet aflgenee PRF o bowor sllesponiv asctnily, Al and Qisjoctives: The sim ol this s was o
v geate (e el of allopmee feese-binl PEP oo wound bealicg ofa Bl-thic ks wound in M
Fealind mbbrs, Abow .E_&EI wmd Fall-gickness wosreh wiie creatiod om rabhbils wsing 2 empihe on bots
sides of the dorsum amd dended mio ireatmens groop and control group: The iseatment group wes remed
wilih allogeewi: frocsg-doed PRI pead the control group s iested sith mois diasing. Aocclerason
ol vl hialisg wae dhown by i epilbadialicabion ssil mesmsind om day T ukiap digitsa] YViilesk, Meae
New Feeland rabbils were wead in this sedy Resubis: 1 the matimeed group, e epigelializion was
signifi:mehy highir 300 = 0% cm2 than B oonfnol pooap 135 2 085 cmd (F < 0000k 5y independent
teesh Adedhier Baalisg ol our sty wmas (e allega Peciaon wes nol ibeorved afles (b sleeinismee
al allipiniiic Trevrer-dried FRP in mbis Conehesian: Our resalis imdicale ths albrgmatie Theeae-dned
PET acoclerstes opdthelinlizstion - compared 8o the comrnl groop and does not cause an sllergic reacmon
in Bk wo s m psbb#s Tl el of allogmcic PRE, prgmadd with a Frevze-drvimg methl.
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Introduction

The sole of platelets im blood coagulation has
been kmeeri $or o kong fime: Tnsudditvon, pliaeleds
are also g souree of various grosth fetors that
play an imgportasm rale dn the prooess of sound
healing, acule fissue responEe 0 mawema, and
imvislved In several cellular physiological
processes, such g growsh, differentiation, and
cellreplication! " Plelet-nch plasma {FRP s
a plasma Fractive with plakelst concentrations
three o live times abos nommal vale: thon
in whaole hloed P In dermatology, PRP has
becn weed for womd healing on the skin
surface amd sofl sese. An i wim saly Saies
that there i a rlabenshap betweon platelet
coisnliation and meesencliynsl stem el
{MSC) probiferation, fibsoblast proliferation,
o collnpen type | produdion, |1 suppert= the
role of PRI o accelerie wound healing. ™

Wausd healing 18 n complex process ivadving
variods cells mmd bioc hermica! mefimors, one ol
themis ploielets. In response to dumag e di s
acirvaled plaelets will form ploels clots ol

Thas i ppste o moess o wal, ved aerheke & e o pavi e d :ﬂlu'
b olthe Creative
Sharstilior 5 0 Ly e, wheh alows othen B remie, e b ard
haid wpon the werk nar-commerTial iy ax ooy as sppoprisks
CTER] B R o Thet fEw LR rewd 3 |l el s
igersionl inrme

For rapn ni el b

seorele @ vanely of growth faciors. They play
BN imporant mle i vanous sieges of wounsd
healing (mfamasary wniil the remodeling
prhease 1 14 PR ds 6 Bl preclieet derive fram
whale Hiod conlzimng a high concestraliom
of thromboesytes with andi-inffammatory and
pro-regenerative properties 1o regair wounsd
healing more elficiendy " PREP | an agenis of
prowth hchor that hismsogenicand chemolactic
prapertics such as blood olots and growth
Fawicas, In the process ol woend bealing, prowih
factors such as plaelet.dmved angiogemesis
o | PERGEF ) omed 1ol prowty oo TGF | will
rrsenrags fibtmotlsts o proldorate, miprasie, snsd
inrense the formeation of the satnceliular mnns
end stimalate endotlselinl cells fo fom new
blosc] veesear 1 st o the shbdbes seportedithe
henelicial effects of mitsdopmis PRE in soasdl
Bealing. Lisfomunmely, i = o pppleabds in
patiests with o hemaboloagieal disease or wisa
1 prtrplatelil drves, such & aspirin. and older
with mimy undertying or chrome diseases as
well as patiems refised to drasw sheir Bood for
ey reasan. |1 s moonssest mmount af
grawth fnctors it anokgews PREP and leads
i the variation of swoend heding process

How o ohe this asticio: Saputre 15, Anias Ak
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of asogenais eeep-onied plak - ieh plasma . &
Tuil: thickraaan weoding ordmal modal J Rap Phorm
S 20 -0

Iswinarno D.
Saputro,

Andl Muhammad
Ardan, Wiwlk M.
Yumiarti!, Oki M.
Putra®

ity of Halcine. Arfaagin
Lty - dromernl Rasiao?
ar i S, Neruua
‘Deparvmonr af Fterimary Clir
Facwler of iverimey Mediove,
At Dnfronil. Smib
Frogme af’ Fearmact, Facaids o
Megdhvonee, Mg Tl Ll
Nurfugpe Taskucrin

e isaals 24 Jal 2000
o porpoed 0 Aag 2020
Puliledl: X My 2121

Aderess for curFrpRiiea e
G Y P WK Fiarm,
S Prggeser o M e
Foulr of Alabcine, Fame Teal
Llsanvmaty. S ya. Jaskrevsia

E-mal sl s g sk
i id

Whelnaiin
w1 L]

P 3 A B s JRFTPG 7718
Uliich Flssa e i

BT Spurral ol FeEpgits i e resceutc e Soeroes. | Fubtie heed by Weiiiers Ko - Medro e

it




[ v aciosd Trige Trom NEpchsssws | fRSfoumal com an Friday, July 16, 2081, & 210057.2155)

Sapdm, od . Wourd hap ng eflect

Ancther imiation of sstolopess PRP s dhe peed for at lesst

2P C topre e the prodhc! s chamcteristics. A stody by Gamdhi
i ™ s e the sdoonisition of FRE percutimssly
acookriied fraciare healing m the dnbetic mt model, Hiweover,
apalogoews. PR may not derogriste for that cmes, hecases the
level o PERCGF wes dower i dinbetic nimals commpired o dhe pane
dinbetic animals mosfel '™ Iy adedition, putslogous PRP squires
aufichitiomal ooqupanenl, trme-consuming, and needs o Lirge anwoem
ol Bl ™ Conseque iy, muiobogous PRP s il o e wsed
as caimmiere izl prodvcts, Therefore, an altemative ta setnlogous
PR ey e rocquired, el allogeneie PRF & the hest aplion io
agcekant: weund healing

Allegeneic PRE can be well preserved by n freeze-dryving
method. The acvantage of the Frewee-drving method 1% o drying
systiem that does not us hagh demperatore, So il is suitahle for
heat-lnble sehstanees, bnaddition, the frecee-dned allogensic
FRLF creabes aomare stable and more consistent peosluct, ansd
1% g = stored ol room emessrgtere. 1§ may be assmned
thot sllogeneic PRP has dle spme effeet on ozl function as
atbogois PFRPandhence can b ised as an allermabive source
af FRE Thersfare, the purpsse of this stufy was to cvakiis il
efficct ol allopensic feexi-dried PRI an the process of wound
healing fepilbelinhzaton | of fll-thickness woumnids inrabiits
dn ik experinial Enpmal

Materiols and Methods

Ailemala

This study was on animal expermesinl design, This study was
apprweil by the FPrhics Cammittee of D Sovicma Haospital,
Suralinh with registration pimber 53 1'Panke KKED2014
Nine MNew Zealond male white rabbits were used i this study
with the inclusion crifena: aged 3-4 months and weiehd
3040 ke The animals were Bossd (0 indieidus] cagés in
the [estinge of Tropical Discase, Airdangga University under
stnnuclerel lnbaoratnry comiditicns femperabie J0-22°C, nabeal
davimight cvele ) and they hod fiee aecess o commercial clow
tiosoni and waster, Thee enimitl s were acclimatized lor approaching

anl handling for o pericd of 1520 days before the start of
fhee study

Wooundd eacikian

The animals werne anesthetored by inpecting ketumze 11 mg!
Ry hand xylonne. Ketaming provides analgesic cects whereas
wylazine causes pood mascalor reliation. The wse of the
combisation of ketnmine-xylorine as general anesthesio
alea hes many advantopes, including casy ndomatratioa,
eromomical, sl imdochom ng well as i recevery, hasoa god
melention effet, and mrely cawses climeal complications. "

The elisneal sumface of each ammal wie shaned andd sorubhid
for aseptic suEery using . 1% chlothesidine sobution theee
times. The site was panted with 5% povidone-ioding befiee
swrgery. A reciangular, full-thickness excizional skin weands
mgsasiiigg 1 = 2o’ were crepted i il e side asd on g
right gide of the dorsuny, showt Zemn pagy from the midline n
each ammal, using a sheep surgecal knife.

Fulbalickness wounds are wounds that exiend imo the two
livers of skin (dermis azd epdermish and Farther mia the
subcutanemis tissue o1, wed muscie The fall thickness wourg
wiks compressad with adresalinin norwmal saline salution (Mol
i.95% ) with a cancentration ratio 1220000 L for 2 qum if gy
Ileading covvs A g ol 2 e was melisaiiks] Delween ik 1o
waounds an sach =ide a5 shown m Figure TR Thes, 2 tofal of
i woumnds were ereated for each anamad. The e wounds in
each animal were designaled as contre] und freatment groups.
The right wounds were treated by lapecal application of maist
warnned ressing {oonemolh and the el wonnds were freated
with frecre-dried PRE os shown in Figune 1C, Both woumds
west crversd with o transpuarent dressimg and wrpped wish
elastamull. All the topical apents wen: applied to the wounds
of their respeciive groeps uging sterile goide pieces. from diy
0 unt] [ anmd wound eading was complete

Preparation of abogencie froeee-dried MRE

Allpenew froone-dried PEP was prepored in the fisiee bk of
thee D, Soetarma Flosgrital, Svrabayn. PR was prepimed Trom

A

Figarn 1: (A Adbogm s v siw-dr s FRIP, (B 8ol - Lhichne i wosesd s e § G| woasnd

(ke
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ihe Bood of five healihy rabbits. Whale Hood wes dimwn s
mizch as [0 mL by 1B gauge necdle imo 15mL Gloon tubes
usntalnimg U asioggilan be paria Blood wis homegaided
and ceniriteped for [0mm m o speed of 4000 rpm. The
coentnfugntian will reenlt in the femation of two layers. The
top lwyer 15 the plosama and the bottom & med Bood cells,
Flasmn was taken anl receminfigpsd for [hnin ot 8 specd
al 40 rpan. e second centrifugation will preduce PR
accumsulited @1 the B of fhe T PRF was il
an the slenle gouee and sored al £37C far 24 b el U was
henpilsilized by Freeze-dryer frr 12 b The fresse-dnisd PRP oas
placed on i stenle goose ond senbized by olroviolel ight.
As noresnlt of the process of freszing and drving, nlogenic
lreeze-fned PRP was prepared as shown m Figure L.

Asseesment of cpithelinlimtion ol full-ekickness wounibs

The et stnge of this stdy wai toassees the effsct of freere-
dried allogeneic PRP ca the accelerabion of epithebalizaten
af full-thickness wounds in mbbits. The measurement of

epithelinlization was cirnied ol ca dy 7hy digital Visirak
o= shown ine Figure 2

Statlstical anabsis

The Kelmeyarm—Sammeny best was used bo s the Biemalisy
af lhe distmbabionaf e viriahles, The axlependent Sest was
perfanmesd o e the differences Between dhe tao groups.
The diva were reporied 25 meas = standard deviation amd
amithyzed by Statisical Paskape for Socnl Sciseoss, vimion
2000 i8PRS, Chicsge. Minoisk. Statistical sipnificeance was
setal P LOS:

Hesulis

Observation of the woands shewed that epitselinlization
azcurred bath i il tneoimend and the Sontrol prowps on the
sevenlh day, The ephilvelinlization was significantly ugher
i the groep irestod with ollegescic freczesdricd PR than
thiat of trestesd with mms dressing as chawn in Figure 3
In Dot treated wounds. we found o signs of mifection
ar allergic reschons. Epithelialization messurement was
carried out by digital ¥isitrak fo sss how wide the wound
i% covered by the epithelium. The data were normally
disiribuied by Kolmogoroy -Bmirnoy (F = 0,551 ) and
e analyzed by ipdépendent ¢ desi hetween variables
af the two groups, Thens was signifant differznces in
ihe epabkelinlimbion between the teatment grup and the
comrol group on the seventh dav. Epithelinlization in the
treatmend growp was significanily highee (500 4 (0L69 ey
than the control greap (135 & 085 em® P 00000 as
alvrwn in Figure 4

The wounds were left opes, end the animals were housed in
inifividun cages . Wounid healing wis montared by taking
digital phatograps md hlindly messuning the waund aren
by fracing the wonnd penmeler with o this-bpped marker
ante sterile Visirak Grid. Trocengs were then placesd
aiile the wouwsd neepsaremnel device and copisld with an
elestranic atyhes o obtoin o-digial reading of the wound

S E,

Fogun 3: Gsarvalen o dislcal sousd oo S s dey: S el side i e greoe estes with alogemeic neeee- disd FEP and s righs sade s S

eardial grous reabed = B e meoal diosneg
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Figere d; Mean [$50] of fa agdhelalbation In hodh growp s on S savesin
iy | S D3|

Diizcmssion

The chjective ofthis sbudy wasto determine the effee of fre e
chried allogpemeic PRF cm woenil healimy. From s duoiy, if was
Feined that oz the seventh dey, te wourd healing process was
higher in the treatment growg commgared o the contral oo,
hased on how wide the epithelium covered the wound. PRP
Fenetions 5 0 tiesue selant i drog delhery sysbem, (e initiole
el mepaar by rubensing besally aeting grewth lactors vio the
clegrasulabic of o-prasales, " A snedy by Mars! gl
1t MSCs, Bhrohlasts, endothehal cells vsteablasts, anxd
epidermal cells express cell membrane receplons for growth
Factors im PEE Transmembmine receplons indisee activatios of
endlogennes intemal signaling prodeins, cassing expression of
marmen] gene seguencss mooclly, Fnr:.'.mpi-;, mpins bormadion,
collagen wenthesis, and cell praliferatan. Crowik faciars in
PRF o maot erder the cell or vs noclees and hence PEP 15 nod
metgeiic and stimuibates woand healisg fasier,

PR suppdésies the release of evtokines and limits inflamination,
imterzets with macrophages fo improve tisue healing and
regetenation, riggers pew capillaiy proodh, and accelerates
the growth of new capillanies and spithelialization in chromic
worumals, " Thrombeocyics wntainad m PRI play o mole m
the hast defense mechanism in the ingured ores by producing
signaling profeiss that siract macrophages: Previous stuilies
showvre] that PRF hax anmocrobial sctivity against Sxcherichia
cveli, Siphiplococcas givews, inclufing methcillim-resistn
gy, Cardiohs albiorny, and Copreceooies messrsnans,
Abter the initinl rebease of growth factors containgd m PR
plateders will symhesize i secvete nther prvoi feors duing
T iy of Life.

Beemise mos medivaduals hove o baselme plaelet coum af
200,008 per microliter, the sverage pladelebcount of mwone thein
1,08 per maermbiber measmed m Gml of okl plasm
can B o henchmark for “thempeutic™ PRE: ' Fibrohlos
proliferation and type | collagen prosucbon increased with
incrgusing ot levels md mos of theas espsmses wish
nH-dependend asd e best response occurmed at a mare neidic
pH T was swppesed theat the concentration of pletebat coum
i PR was severa] Todds higher than in whole blood. A stsdy by

4 Journdd Of Baports i Phampcsilical Scenae | valme 10

Jiopral " repaomied that the averags plaelet eount innlkogene e
PRP was significantly increised compored 1o whele bloof
Voo Z30.TE (= 100 v 818, T4, also the lewel of rml md wie
Bl oo cellf@ significandly low in allogenedc PP In <lindcal
oz inclnding pain, ranges of motion. mscle sorengry,
and funchional scones, there were no sigmiboam differamces
after a J-year fillow-up betvesn aubologoes and aflogeneic
FRE groups in pathesis who umderaent momear cuff repair
Aancaher study by Shasg o al ' also reporigd thet the platel et
concenirations, the level af TGE-fi L, FDGE spiclermal grossh
factar, and vesoular endoshelial g ih factor are sigificantly
mach higher than whabe bhoed,

The stmify by Liow er @l showed that the platelet coenl o
PRP was significanthy oo seven timess highes than i whaole
oo (< 0.05) and the bealing mibe of achronic wowend afler
3 weeks af the adminisdrstion of allegeneic PREP was moee
thary 85% mampirs] b the combral proap, which iz leas thim
55%, Mo rejection or adverse resction was cheervwed in his
atuidy, A meda-annlysiz sudy reponted that the administration
of PRI in paticnts with nodator cull repair mproved healing
irades, reduced pain levels, and increased fumctional oweames
conmpascid n pladilnch B The sty by Garbin oral! ™
sharwed dhat the allogeneic freere-dried plismn vete hes
strmlar effects bo fromen amtnlngous plasma lyse.

A previows study repomned thot the level of iaflammatory
markers was lower [TL-1f and THF-0§ tn PRP injection
i patiemts with asteoasthnbic knees o vivil by ELISA
technigque. "™ A comparntive study messuring the eved of TGF-
fh = PRP before and aiter the reezeadryving method shonwed
ihaat. the highest level of TG mPEP bl frecec-drying
i% 232 ppimb_. winle the highest level of TGRS in PRP after
freeze-dremp was 192 ppml. The level af TGE-J befiore and
atier freeme-crying was not slalistically agmbiomt (F = 0081 ).
It indficoted that the feeredrying method did mot dsturh the
Tevel of growil faiars in PREF!

O findizg was similar 0 o mete-anabysis sthudy which
reporied that the agplicaiion of FEP kas positive effiects on
fullthackmess skin waonmeds in amimals comginesd 1o the conrol
or placeba groups. PRI reduces the size ofthe open woimd area
srgnificandly and penerally effcchve to stomalate the heling
precess, The concemtration of plateles mare thas 1, 10460 i
PR products seents o bemaore cective than thises with lewsr
wommerirdicn, ™ In particular, the pretreatmesn of skin Bopsio
sherared cellular debns and indilirobe of mflammatory coell=

Afler adminastration of the combization of PREP asd hyalorenic
acid, reactive epidermal proliferation mml pewhy formed dermal
s oocerred as well as depesiben of collagen and newhy
formesd vessels, The combination of PRP and Wyalumonie acxl
caussd significantly complele re-upithelinleation (96.8%)
comgnned 1o the congml gromp (RT %0 within &0 dys =

The propetics of wounsd bealing in FRF weat also proposs]
ahee to the high affinity of voscelrizasion, & previeus shudy
reperrbeid that the coanbonution of PREP and MESC mdwced higher
wvasculaneetion of the womds than the administration of MSC

tebun-1 | JEresrg-dhae 2021
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ar PEP nlome. It ie becanse PRP etinelated the expréssion of
transriptionof proangogenic factors in engraled M5O, These
Miediags st hat PRP sould simusie s prosnisiogisic
potential of engrafied MSC thmogh sctivation of their
secretame

A by by Bajobi e ol showed shid ns 2 fesuli of the
wdministration of PRI injection ftgether with seuatic sctvity
in Achilles tendon infary i ms, tleers was o mgnificant increase
in the numbier af fibrhlasts and celhilar demsity aml alsathere
is &0 increase moolkgen deposition comgened to without the
abminisiation of PRE A sty by Semenic @ al #9 shar@is that
the haating of chromic lowsr lug ulcars with nllogencic ploteb
el was mpnificantly more effecrive conspaned o the treatmem
with hydrogrel. Inallngeneic PR, the vae of lshonsory hine
andl fhe inflaminatony parameters i within fhe nonmal linits
anel e not signeficantly differ bolime md afler farmeated in
el preparation.

[ dhuss shwely, we abso Foune no allergic reactions due fo the we
ol allogrenesic FRE 1 rabbats, This 15 pecanse e frecas-grving
method wos able vo dosege the ntiges molecwles in plachba
membranes withoart damepmp the existmg comtent in the
pintelet calls 1 The frecre-dnying isa crvopressrvotion methed
which comsists ol theee 5!:1&'-_].:: freeringof tissmes (freezing) in
the temperann: of ~E330, peimary drying with the sublimation
af the frozen e (primary drying ), and secondary drying
o remiove the repmeands of the water contained in the heating

techmuoue [eecambary |l'|-'i|1|.r].“*".|'l1r froexing procees (o K17
is expected o damnpe the stnscture of the molesules of antigen
comtaimed in the membrme surdfizce af the plateler !

The ke’ rrmumsamiity of dkogeneic PRP win exphiined by the
Fid diat albogensc PRP was desipnd in the form of o ged, 50 0
i mot emer the cmculabion system ol encapsdined the baman
leukocy e anigon (LA ) Inside e pel e thenchy decrenses the
artiidy and hamplsecyte response. The main fimction of HLA
il & w0 recomiEe forsign miene from ailhogenic penms
{ica ol paptiiessy thirt eites thebody, [mmmanes reachions oocurwhim
there isa wacion betwen the womsdnciks. Whes this inferaction
aceurs, a protein comples will bebrought o e cell surlice o be
ecognoad by T cells, nesulting b e cmerpeince of iy i
response, Furthennone, the octivation of plmdets in the final aep
al the abhgpenic PRF proparstion mey change the struciure axl
it bevel of expressinn of safac: immune anfigens and thenery
lirwenng ther immmaeaogenicty. Moo, FREP was completely
ke v bt welim o few ves ks and fisedly reduces the
preeathi liby ol ever-resporm ive mrmmte ™ The el doe o the kny
imuene iy, allogenese PRE canbe opplied forcliuscal settinga

Ther: 15 noadverses svent nelzied b mmune responses o wellas
eryihuma and swelling al the wound side afier the sdmanitration
af allegeneiz PREM Funhermors, the opplication of PRE
injectiom intremescularty ondy inclwce @ mald immune eqoase,
characterized by litthe change in CD4+ pad CDE+ ¢l
subpopulations even stalistizlly nonsignehicant. Bexicles thad,
allosgensic PREF @il sob shew o fissie ol e miileazicn
alf TL-2 o am indlammadory mediabor wa e spotbed of week [0

A sy by Raclomawaa of af ¥ reporied that fie adminkstzation
af atlegeneic freeresdried PRP did motl induce inflammatory
mesponses a5 webl a5 lmumoral ivame respoise as prinkary
anbhodivs. There niere neclifferences i body bem pemature and
levelaf Ighd after the admimisirtion of allagensic freese-dried
PFRF anf mickgies FRF mimmuscelarly i rabhids, A case
repart by Latalski e ol ' shemed that after the admisistation
of mjection of autelegows PRE within ihe firs 24 h, the skm
rash appoased with the elevated 10t 1gE sevimn level 171 KUVL
gnrmnl 2845 This repon indicated thot the snfery of the use
af aubalogous PRP 1snot abalescly withant nsks. The puse
autologous PRI i generolly safe, but the preparation for it
s con s puificanily decrense the anfery. The limaotation of aur
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