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PLATELET-RICH PLASMA AND PLATELET

FRAMEWORKS

Objective. To summarize current methods for obtaining platelet-
rich plasma (PRP) and platelet-rich fibrin (PRF), their biological
properties, activation protocols, and regulatory aspects of clinical

application.

Methods. A comprehensive analysis of recent literature on the
preparation, standardization, and clinical use of platelet-derived
biomaterials was performed. Special attention was given to two-step
centrifugation protocols for producing pure platelet-rich plasma (P-
PRP), low-speed centrifugation techniques for injectable PRF (i-PRF),

and methods for constructing fibrin-based matrices (P-PRF).

Results. Platelet-derived biomaterials represent a concentrated
source of growth factors (PDGF, TGF-B, VEGF, IGF-1, EGF, FGF,

HGF) that promote tissue regeneration, angiogenesis,

immunomodulatory effects. The efficacy of PRP/PRF depends on
donor hematological parameters, centrifugation settings, activation
strategies, and delivery methods. This review outlines optimal platelet
the rationale for anticoagulant

concentration ranges, discusses

selection, and describes quality control methods as well

classification systems (PAW, DEPA, MARSPILL). Regulatory aspects
of PRP application in Ukraine are also highlighted, including cases in

which GMP certification is mandatory.

Conclusion. PRP and PRF occupy a prominent position in
regenerative medicine; however, the lack of standardized protocols and
unified guidelines hampers the comparability of clinical outcomes.
methodological
harmonization, large-scale clinical studies, and the implementation of

Future development in this field requires

GMP standards in commercial production.

952

FIBRIN:
STANDARDIZED PREPARATION PROTOCOLS, MECHANISMS
OF ACTIVATION, STORAGE STABILITY, AND REGULATORY


http://orcid.org/0000-0002-6632-4206
http://orcid.org/0000-0003-4321-5354
https://orcid.org/0000-0002-0913-3024
http://orcid.org/0000-0003-1482-2307
https://orcid.org/0000-0003-3699-5524

Eastern Ukrainian Medical Journal. 2025;13(4): 952-962

Neurosurgical Department, Military
Medical Clinical Center of the Southern
Region, Odesa

Keywords: platelet-rich plasma, platelet fibrin, P-PRP, PREF,
regenerative medicine, growth factors, GMP.

Corresponding author: Iryna G. Vasilyeva, Department of Neurobiochemistry, Romodanov Neurosurgery Institute, 32

Platona Maiborody st., Kyiv, 04050, Ukraine, e-mail: vigvasileva@gmail.com

PE3IOME

Muxaiino XmKHIK
http://orcid.org/0000-0002-6632-4206
BignineHHs MaloiHBa3MBHOT 1 Ta3epHOL

CHiHaJBHOI HeWpoXipyprii, [HCTHTYT
Herpoxipyprii iM. akax. A.IL
PomonanoBa HAMH Vkpainu, Kuis,
Ykpaina

Ipuna BacunbeBa
http://orcid.org/0000-0003-4321-5354
Bignain wetipo6ioximii, [HCTHTYT

Helpoxipyprii im. akazx. A.IL.
Pomonanosa HAMH VYkpainu, Kuis,
VYkpaina

Onexkcanap Iloramnos
https://orcid.org/0000-0002-0913-3024
Kadenpa nespoorii Ta Hefipoxipyprii,
IBano-®paHKIBCHKHIA HAIlIOHATBHUN

MeIUYHHUI yHIBepcuTeT, [BaHO-
OpankiBcbK, YKpaiHa

Onexcanap Luaapenko
http://orcid.org/0000-0003-1482-2307
Kadenpa nelipoxipyprii Ta HeBpoJIOTii
3 KypcaMu Mcuxiarpii, HapKoJorii,

MEeIUYHOT IICUXOJIOTIi, MpodeciiHnx
XBOpPOO, METUYHHUI IHCTUTYT
CyMCBKOTO JIep)KaBHOTO YHIBEPCUTETY,
Cymu, Yxpaina

1Opiii adidiuyk
https://orcid.org/0000-0003-3699-5524
Heiipoxipypriuse BinmijeHHs,

BilichKOBO-METUYHUIN KITIHIYHUIN IICHTP
[MiBgennoro periony, Oneca, Ykpaina

3BAI'AYEHA TPOMBOIIUTAMUA IJIAZMA TA
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Meta. VY3aragbHUTH Cy4acHI METOAM OTpUMaHHS 30aradeHol
tpomborramu miazmMu (PRP) ta tpomGornmrapHoro ¢ibpuny (PRF),
ixHi OioJIOTIYHI BJIACTHBOCTI, NMPOTOKOJM aKTHBAILi Ta PEryJIATOpHI
ACIIEKTH BUKOPHUCTAHHS y KIIIHIYHIN MPAaKTHUIII.

Metoaun. IlpoBemeHo amami3 JiTepaTypH OCTaHHIX POKIB,
MPUCBSYCHOI MIATOTOBI, CTAHAAPTH3ALIT Ta KIIHIYHOMY 3aCTOCYBaHHIO
TpoMbormTapHuX OiomarepiaiiB. PO3TIAHYTO MPOTOKONH JBOCTAITHOTO
HEeHTpH(YTYBaHHS JUIA OTPHMAHHS «YHCTOI» 30aradyeHoi TpoMOOIHTaMu
(P-PRP), HU3BKOIIBHAAKICHOI  cemapamii  uis
dopmyBanns  in’ekmiinoi  PRF  (i-PRF), a Takox TexHoJoril

UIa3MH METOIU
BUTOTOBJICHHS (piOpuHOBHX MaTpHib P-PRF.

PesyabTtaT. TpomOomuTapHi Oiomarepiaiy € KOHIECHTPOBAHUM
mxkepenom (dakropis pocty (PDGF, TGF-B, VEGF, IGF-1, EGF, FGF,
HGF), sxi CcTUMyJIOIOTH pereHepaiilo TKaHHH, aHrioreHes Ta
MPOSIBJIIOTE  IMYHOMOJYJIIOBaJbHI ~ BJIAcTUBOCTI.  EdekTuBHICTH
PRP/PRF 3anexuth BiI TeMaTONOTIYHUX XapaKTEePUCTHK JIOHOPA,
mapamMeTpiB IeHTpU(YTYBaHHSA, CIIOCOOY aKTHBAIii Ta METOIUKH
BBEJICHHSA. B orJsini HaBeJIGHO ONTHMANBHI [ialma30HW KOHICHTpAIii
TPOMOOIIHTIB, PO3TIISIHY TO JOLUTBHICTD BUKOPUCTAHHS
AHTHKOATyIISTHTIB, OMUCAHO IMIIXOAHW O KOHTPOIIO SKOCTI Ta Cy4acHi
kinacudikauiiini cuctemu (PAW, DEPA, MARSPILL). Oxpemy yBary
NPUIIEHO HOPMATHBHO-NIPABOBUM yMoOBaM 3actocyBaHHs PRP B
YxpaiHi, BKIIIOYHO 3 BUMNAJAKAMH, KOJIM BUPOOHHMITBO Ma€ BillIOBiIaTH
Bumoram GMP.

BucnoBok. PRP T1a PRF € nepcrexkTuBHUMHU OioMaTepianamu y
pereHepaTHBHIM ~ MEAWIMHI, TPOTE  BIACYTHICTH  YHI()IKOBaAaHHX
MIPOTOKOIIIB 1 CTAHAAPTIB OOMEXKY€E MOXIUBICTD MOPIBHSHHS KIIHITHUX
pesynbrartis. [Toganbumii po3BUTOK HanpsiMy Iependoadae rapMoHi3amio
METOAMK, TPOBEICHHS MAcIITaOHUX KIHIYHUX JOCTIKCHb Ta
BrpoBapkeHHs: GMP-cTanaapTiB npu KoMepLiitHOMY BUPOOHHIITBI.

Kirouosi 30araueHa
Tpombormrapauii ¢ibpun, P-PRP, PRF, perenepatnBHa MenuIHa,

(axropu pocty, GMP.
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ABBREVIATIONS

PDBMs (Platelet-Derived Biomaterials)

PRP (Platelet-Rich Plasma)

P-PRP (Pure Platelet-Rich Plasma)
L-PRP (Leukocyte-Platelet-Rich Plasma)
PREF (Platelet-Rich Fibrin)
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P-PRF (Pure Platelet-Rich Fibrin)

L-PRF (Leukocyte-Platelet-Rich Fibrin)

i-PRF (Injectable Platelet-Rich Fibrin)

hPL (Human Platelet Lysate)

PRGF (Plasma Rich in Growth Factors)

PPP (Platelet-Poor Plasma)

GMP (Good Manufacturing Practice)

ATMP (Advanced Therapy Medicinal Products)
PAW (Platelets, Activation, White cells)

INTRODUCTION

Platelet-derived biomaterials (PDBMs) represent an
innovative group of autologous or allogeneic preparations
based on concentrated blood platelets, designed to
stimulate tissue regeneration. Their application relies on
the ability of platelets to release a broad spectrum of
growth factors and bioactive molecules, including PDGF,
TGF-B, VEGF, IGF-1, EGF, FGF, and HGF, which are
involved in wound healing, angiogenesis, inflammation
reduction, and tissue remodeling.

One of the pioneers in the development of autologous
platelet-derived preparations is Dr. Eduardo Anitua, a
Spanish dentist, researcher, and founder of the BTI
Biotechnology Institute (Spain). Between 1999 and 2001,
he proposed the concept of Plasma Rich in Growth
Factors (PRGF), a biological preparation derived from
“pure” PRP (P-PRP) that excludes leukocytes and
provides a standardized platelet concentration. PRGF
became the first PRP system adapted to clinical
standards, featuring controlled preparation protocols,
closed sterile systems, and reproducible characteristics.
This method was widely introduced in dentistry,
orthopedics, ophthalmology, and aesthetic medicine, and
served as a reference framework for the evaluation and
comparison of other PRP systems [1-3].

Following the pioneering publications of Eduardo
Anitua, who introduced the concept of standardized P-
PRP preparation, the field of platelet-derived biomaterials
developed rapidly. Numerous researchers contributed to
refining fractionation methods, classification systems,
PRP activation strategies, and clinical applications.
Modern classification frameworks were established,
including the PAW system (Platelets, Activation, White
cells) and the DEPA model (Dose, Efficiency, Purity,
Activation), both emphasizing control of leukocyte and
platelet content [4]. Considerable variability in practical
application methods has been highlighted, underscoring
the need for standardization [5]. More recently, research
has focused on elucidating mechanisms of action as the
basis for international recommendations [6].

Currently, various PDBM forms are in clinical use,
classified by leukocyte content, activation method, and
physical properties. The most common are: P-PRP (pure
platelet-rich plasma), L-PRP (leukocyte- and platelet-

DEPA (Dose, Efficiency, Purity, Activation)

MARSPILL (Method, Activation, Red blood cells,
Spin, Platelet concentration, Image guidance,
Leukocytes, Light activation)

RCF (Relative Centrifugal Force)

RPM (Revolutions Per Minute)

ELISA (Enzyme-Linked Immunosorbent Assay)

MSC (Mesenchymal Stem Cells)

rich plasma), P-PRF and L-PRF (platelet fibrin in gel or
membrane form), as well as i-PRF (injectable PRF). In
addition, growing interest has been observed in human
platelet lysate (hPL), obtained from donor platelets, and
engineered composites combining PDBMs with
hydrogels, collagen, or bioceramic matrices to enhance
delivery and efficacy [7—11].

Clinical effectiveness of PDBMs is being
investigated across multiple disciplines, including
orthopedics, dentistry, dermatology [12], neurology,
ophthalmology, gynecology, and wound surgery.
Promising  applications  include  treatment of
osteoarthritis, intra-articular injections, healing of bone
and soft tissues, intradiscal injections for intervertebral
disc degeneration, and therapy of chronic wounds and
trophic ulcers [13-15].

The main advantages of PDBMs are their autologous
nature, low risk of complications, biocompatibility, and
high concentration of growth factors. At the same time,
clinical efficacy is determined by preparation standards,
activation protocols, dosage, and injection site. Ongoing
randomized clinical trials aim to validate long-term
effects and establish evidence-based protocols. A key
publication by Chahla et al. (2017) provided a
systematic review of PRP standards in orthopedic
clinical literature, emphasizing the need for unified
preparation and reporting protocols. The authors
proposed standardized descriptions of PRP composition
(platelet and leukocyte counts, activators, volume,
storage time), classification systems (e.g., PAW, DEPA,
MARSPILL), and detailed preparation methods in
publications. This work remains a critical reference for
PRP standardization, stressing that without biochemical
characterization, the efficacy of PRP cannot be reliably
evaluated, even within a single disease context [16].

Despite the growing popularity of PRP, the lack of a
unified preparation approach, particularly regarding
leukocyte content, volume of active fraction, and
activation strategy, significantly complicates
comparison of clinical outcomes. Substantial variability
across protocols — the same
centrifugation technology — affects the final biological
activity and clinical efficacy of the preparation.
Therefore, there is a pressing need for a clearly defined,

even when using
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clinically reproducible protocol for obtaining “pure” PRP
(P-PRP), which minimizes inflammatory response,
standardizes platelet concentration, and complies with
regulatory requirements for medical applications [17, 18].

The aim of this review is to summarize current
preparation methods of PRP and PRF, as well as their
advantages and limitations in clinical practice.

Preparation of Pure PRP (P-PRP) by a Two-Step
Centrifugation Method

The most reliable and reproducible method for
obtaining pure platelet-rich plasma (P-PRP) is based on
a two-step centrifugation procedure. In this approach,
platelet-rich plasma collected after the first spin is
transferred into a separate sterile tube and subsequently
concentrated during the second centrifugation step. The
typical platelet
approximately 3-5 times above baseline, while
leukocyte content is minimized if proper collection
techniques are applied after the initial spin [19].

It should be noted that the characteristics of the
resulting P-PRP largely depend on the properties of the

outcome is a concentration

initial venous blood sample. Even under identical
centrifugation parameters, tube type, and volume, the
quality and concentration of the preparation may vary
depending on the patient’s individual hematological
profile [20].
Key factors influencing the efficacy of P-PRP
e Hematocrit level: A high hematocrit reduces
the relative plasma volume, and the buffy coat
may shift upwards.
with
thrombocytopenia, platelet concentration in
PRP will remain low even after two-step
concentration.

e Baseline platelet count: In patients

e Blood viscosity: May influence cell separation
efficiency during centrifugation.

e Physiological state of the patient: Hydration
status and medication use (e.g., anticoagulants)
affect blood composition.

e Time between collection and processing:

Delays may result in premature platelet

activation before centrifugation.

Therefore, it is advisable to assess hematological
parameters before each procedure — at least platelet
count and hematocrit — and to consider them when
interpreting PRP concentration and expected therapeutic
efficacy.

Therapeutic platelet concentration in P-PRP

One of the critical determinants of P-PRP efficacy is
platelet concentration. Numerous studies have
demonstrated that therapeutic benefit requires P-PRP to
contain at least 2 — 3 times the baseline platelet count.
This level ensures an adequate supply of o-granules

carrying growth factors (TGF-B, PDGF, IGF-1, FGF,
CTGF, EGF, HGF) necessary for tissue regeneration.
The generally accepted therapeutic threshold is
>1,000 x 10° platelets / L, corresponding to 2 — 5 times
baseline values. Optimal ranges, depending on the
clinical indication, are considered to be 1,000 —
1,500 x 10°/ L. Conversely, excessive concentrations
(> 5 x baseline ) have been associated in some models
with suppressed cell proliferation or increased release of
pro-inflammatory cytokines. Controlled rather than
maximal enrichment is therefore recommended [21-24].

Thus, clinical or experimental preparation of P-PRP
should always be accompanied by platelet concentration
measurement to allow evaluation and comparison of
efficacy.

Centrifuge requirements for P-PRP preparation

To ensure high-quality and reproducible P-PRP,
centrifuges must provide precise and controlled
separation conditions. Validation of the centrifuge is
essential, including calculation of the relationship
between RPM and RCF for the selected rotor according
RCF=1.118 x10° x rx (RPM)?,
where 7 is the radius in cm.

to the formula:

Main requirements:
e Adjustable RCF (g-force) or RPM, with
precise settings.
e Availability of either swing-out (horizontal) or
fixed-angle rotors with specified radius.

e Compliance with sterility: use of closed
disposable tubes with caps and aerosol
containment.

e Operating range of 200-1200g, with

adjustment increments no greater than + 50 g.
e Preferable: integrated timer, digital interface,
and imbalance protection [25].
Commonly used anticoagulants for P-PRP
To prevent coagulation, anticoagulants are added to
venous blood intended for P-PRP preparation. The
choice of anticoagulant is critical for maintaining
platelet integrity in a non-activated state without
interfering with their physiological activation.
e ACD-A (Acid Citrate Dextrose — Formula A):
Contains citric acid, sodium citrate,
glucose. Maintains platelet stability for up to 2
hours, has minimal effects on cellular function,
and does not inhibit growth factor release.

and

e Sodium citrate (3.2-3.8 %): Prevents clotting
by binding calcium ions. Widely used in
hematology laboratories and compatible with
P-PRP protocols.

e Heparin: Rarely used for P-PRP, as it may alter
granule release and platelet activation; not
recommended for standard P-PRP protocols.
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e EDTA: Not recommended, as it induces
morphological changes in platelets and reduces
their functional activity.

For clinical preparation of biologically active PRP,
ACD-A or sodium citrate are recommended, as they
preserve  platelet  integrity inhibiting
physiological activation. In contrast, EDTA irreversibly
chelates calcium, thereby impairing growth factor
release and limiting its suitability for PRP preparation.
When using vacuum collection tubes, it is essential to
confirm that the anticoagulant volume matches the
collected blood volume [26].

Step-by-Step Protocol for Obtaining P-PRP

Required equipment and materials:

without

e Laboratory centrifuge with adjustable g-force
(200-1200 g).

e  Sterile tubes without gel separator (e.g., 10 mL,

sodium citrate or ACD-A).

e  Pipettes or syringes with fine tips.

e  Vertical tube racks.

e  Sterile gloves, wipes, antiseptics.

e  Markers for tube labeling.

e  PRP activation reagents (CaClz, thrombin).

1. Venous blood collection Collect 10-20 mL of
venous blood into a sterile tube. Anticoagulant: ACD-A
or sodium citrate 3.2-3.8 % (ratio ~ 1:9). Mix gently by
inverting the tube (5-8 times), without shaking.

2. First centrifugation ("soft spin") Purpose: to
separate platelet-containing plasma from erythrocytes
and leukocytes. Conditions: 200-300 g, 10—15 minutes.
Result: formation of a platelet-rich plasma layer above
the bufty coat (leukocytes).

The first centrifugation step ( soft spin) is critical
for efficient separation of blood cellular elements and
for obtaining platelet-rich plasma without leukocyte or
erythrocyte contamination (Table 1).

Table 1. Optimal parameters of the first

centrifugation step (Soft Spin)

Parameter Value

RCF 200-300 g

RPM (atr =10 cm) 1000-1500 rpm
Duration 10-15 min

Temperature Room (18-22 °C)

Rotor type Swing-out or fixed-angle

A low centrifugal force sediments erythrocytes
while leaving platelets in plasma, minimizing buffy coat
contamination. Exceeding recommended force may
result in platelet loss or leukocyte inclusion.

3. Plasma transfer Carefully transfer platelet-rich
plasma into a new sterile tube without disturbing the
buffy coat layer.

4. Second centrifugation ("hard spin") Purpose: to
pellet platelets. Conditions: 900-1200 g, 10 minutes.
Result: separation into an upper layer — PPP (platelet-
poor plasma) and a lower layer — PRP (platelet
concentrate).

The second centrifugation step (hard spin) is used to
sediment platelets at the bottom of the tube, reducing
leukocyte content while avoiding premature activation.

5. Pellet resuspension After removing PPP, leave
~0.5-1 mL of plasma above the pellet. Carefully
resuspend the platelet pellet to obtain a homogeneous
suspension (Table 2).

Table 2. Optimal parameters of the second
centrifugation step (Hard Spin)

Parameter Value

RCF
RPM (atr=10 cm)

900-1200 g
3200-3700 rpm

Duration 10 min
Temperature Room (no cooling)
Rotor type Swing-out or fixed-angle

Excessive force (> 1300 g) may damage or activate
platelets. After the second spin, PPP should be removed,
leaving ~ 0.5—1 mL for pellet resuspension [19, 27].

Fraction distribution after hard spin (~ 900-1200 g,
10 min):

1. Platelet pellet — concentrated at the bottom.

2. Residual leukocytes (buffy coat) — above the
platelet pellet or at the interface.

3. PPP — upper plasma layer without cells.

Unlike erythrocytes, leukocytes do not sediment
with platelets due to lower density and higher
hydrodynamic drag [28].

Recommendations for platelet collection after
centrifugation

e  After first centrifugation:

o The buffy coat appears as a thin gray-
white band above erythrocytes — avoid
disturbing it.

o Collect 2 /3-3 /4 of the upper plasma
layer, which contains up to 95 % of
platelets.

o Avoid the last 0.5-1 mL above the
buffy coat to minimize leukocyte
contamination.

o Use a sterile syringe or pipette with a
fine tip.
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o Keep the tube wvertical during
aspiration to reduce mixing of layers.

o For L-PRP, partial buffy coat
aspiration is allowed; for pure P-PRP,
collect only the upper plasma fraction
without touching the buffy coat.

e  After second centrifugation:

o Do not shake the tube after
centrifugation.

o Remove the upper PPP layer, leaving
~0.5-1 mL of plasma above the
pellet.

o Avoid disturbing the platelet pellet.

o Resuspend the pellet in the remaining
plasma to obtain a homogeneous
suspension.

o If needed, adjust volume by adding
back part of the removed PPP.

o Maintain sterility at all steps.

Main methods of PRP activation

e Calcium chloride (10% CaCl.):
method; clotting and fibrin gel
formation. Used for infiltrations or PRP gel
preparation.

classical
induces

e Autologous or recombinant thrombin: rapid
activation with immediate growth factor

release; suitable for surgical applications
requiring rapid effect.
e Physiological activation  (contact  with

collagen/tissue): in vivo activation without
prior in vitro stimulation; used for soft tissue or
tendon injections.
e Mechanical activation: agitation or passage
through a fine needle; limited efficiency.
e  Photon/laser activation: experimental
approach; studies ongoing.

Activation method depends on clinical goals:
physiological activation is preferred for controlled
release in tissue injections; chemical or thrombin
activation is used in surgery. Premature activation

should be avoided before injection [29, 30].

Freeze—thaw activation of PRP
The freeze—thaw method induces platelet lysis and
release of a-granule contents without chemical reagents.
Advantages:
e Simple, reagent-free method.
e Allows PRP storage at —80 ° C.
o  Effective release of growth factors for in vitro
assays (e.g., ELISA).
Limitations:
e  Uncontrolled release kinetics.
e Potential protein degradation (e.g., PDGF
decrease, TGF-f changes).
e Not recommended for clinical injection or
surgical use.
This method is mainly applied in laboratory research
for quantitative assays [31].
Storage and shelf life of P-PRP
e Immediate use: ideally within a few hours after
preparation; delayed use increases risk of
spontaneous activation and platelet dysfunction
[5]-
e Cold storage (=4°C): platelet
metabolism and reduces activation; useful for

slows

short-term holding, but factor stability varies
(e.g., PDGF may decrease, TGF-B1 may
increase). Suitable for research, not prolonged
clinical use [32, 33].

e  Cryopreservation (—20...—80° C): preserves
growth factors up to 6 months; useful for
biobanking, but may alter activation profile.
Requires validated freezing/thawing protocols
[34].

Additional standards and compliance

This protocol aligns with key PAW (DeLong et al.,
2012) and DEPA (Magalon et al., 2016) classification
criteria, and may be adapted to GMP requirements when
closed sterile systems are used.

Quality control of P-PRP

At key steps, platelet and leukocyte concentrations
should be measured for reproducibility and
classification (Table 3).

Table 3. Main control points for platelet and leukocyte concentration in P-PRP

Step Parameters

Purpose

Before centrifugation

After first centrifugation (optional)

After second centrifugation
(before application)

Platelets, Leukocytes

Platelets in plasma

Platelets, Leukocytes

Baseline reference values.

Evaluate retention before transfer.

Final QC; fold-enrichment, classification
(PAW, DEPA).
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Automated hematology analyzers capable of
assessing platelets/leukocytes in citrated blood or
plasma are recommended.

Legal and practical aspects of PRP use without
GMP (Ukraine)

In Ukraine, autologous PRP may be prepared and
used without GMP if performed in licensed medical
facilities under aseptic conditions, with informed
consent and proper documentation, and without
commercialization (Table 4).

Table 4. Key Ukrainian regulatory documents on
autologous biomaterials

Document Key provisions

Law Ne2427-VIII
(2018, rev. 2025)

Defines scope (transplantation,
bioimplants, xenomaterials);

MOH authority.
Order Ne1388 Quality standards for anatomical
(06.08.2024) materials; packaging/ preservation.
ST-N 42-4.0:2020  Manufacturing of sterile medicinal
(GMP) products; EU adaptation.
ST-N 42-4.9:2020  Advanced therapy medicinal
(GMP ATMP) products; aligned with EU

ATMPs.

Conditions allowing non-GMP PRP use:
e Autologous origin (patient’s own blood).
e Application within a licensed healthcare
facility.
o Qualified staff under sterile conditions.
e Approved local SOPs and documentation.

Cases requiring GMP certification:
e Centralized or commercial PRP production.
e Allogeneic (donor-derived) PRP.
e Combination with drugs/biologics or modified
formulations.
e International clinical trials or export.
Protocol for Obtaining Injectable PRF (I-PRF)
Injectable PRF (I-PRF) is produced using the
principle of low-speed centrifugation  without
anticoagulants. This preserves a liquid phase rich in
platelets, leukocytes, and fibrinogen for subsequent
injectable use [35, 36] (Table 5).
Biological properties of I-PRF [5]
e High concentrations of platelets, fibrinogen,
and leukocytes (especially monocytes).
o  Sustained release of growth factors.
e Stimulation of angiogenesis, chemotaxis, and
mesenchymal stem cell (MSC) migration.
Critical conditions:
e Absence of anticoagulant enables natural fibrin
polymerization.
e  Centrifugation must start
preserve liquid phase.

immediately to

e Low RCF (~60 g) prevents premature platelet
activation.
Clotting time of I-PRF
[-PRF retains its liquid phase only for a limited time
after centrifugation, as no anticoagulants are used.
Fibrinogen is activated by thrombin naturally present in
the sample, initiating fibrin polymerization. Therefore,
I-PRF must be applied within the defined time window
to prevent gel formation [35, 36] (Table 6).

Table 5. Step-by-step protocol for obtaining injectable PRF

Step Details

1. Blood collection

Volume: 10-20 mL venous blood into a glass or polymer tube without anticoagulant.

Centrifugation should begin within <1 min after collection.

2. Centrifugation
3. I-PRF collection

4. Application
collection.

RCF: 60 g (~700—800 rpm at r = 10 cm). Duration: 3 min. Rotor: swing-out.
Aspirate the upper orange layer (1.0—1.5 mL) immediately after centrifugation, avoiding the pellet.

Used for injections or mixing with biomaterials. Coagulates into fibrin gel within 15 min after

Practical aspects
e  Prepare [-PRF immediately before use.
e Complete injection or mixing with biomaterials
within 10 min post-centrifugation.
e Do not use I-PRF after 15 min, as it converts
into a fibrin gel.

Table 6. Clotting time of I-PRF depending on
temperature and tissue contact

Condition Time to clot formation
Room temperature (~20-22 °C)  ~10-15 min

Body temperature (~37 °C) 5-10 min

In vivo tissue contact 4-6 min
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Protocol for Obtaining Pure Platelet-Rich Fibrin
(P-PRF)

Pure Platelet-Rich Fibrin (P-PRF) is a bioactive
fibrin clot without leukocytes, derived from venous
blood without anticoagulants [37]. The method relies on
immediate centrifugation after blood draw. Its efficacy
has been confirmed by recent studies in regenerative
medicine [38].

Key features of the process:

e Single-step centrifugation without
anticoagulants.
e Rapid coagulation and fibrin matrix formation.

Table 7. Step-by-step protocol for obtaining P-PRF

High bioactivity due to gradual release of
growth factors (up to 14 days) (Table 7).

Precautions

Only use tubes without anticoagulants (glass or
silica-coated).

Start  centrifugation
collection.

within 2 min after
PRF is not injectable; it is suitable only for
topical or implantation use.

Use clot within 60-90 min; later it loses

flexibility and bioactivity.

Step Description

1. Blood collection

centrifugation within <2 min after draw.

2. Centrifugation
3. Fraction separation
4. PRF retrieval

removal) or immediately for implantation.

5. Application

10-20 mL venous blood in glass or titanium tubes without anticoagulants. Begin

~700 g (~2700 rpm), 8—12 min. Swing-out or fixed-angle rotor.
Three layers: upper — PPP, middle — fibrin clot (P-PRF), lower — erythrocytes.

Carefully remove fibrin clot with sterile forceps. Can be used as a membrane (after liquid

Used in dentistry, orthopedics, surgery as a bioactive regeneration matrix.

CONCLUSIONS AND PERSPECTIVES

Platelet-derived biomaterials (PRP, I-PRF, PRF)
occupy a leading position in modern regenerative
medicine due to their high concentrations of growth
factors, biocompatibility, and relative safety. However,
their clinical efficacy strongly depends on preparation
protocols, standardization, activation methods, and
application conditions.

The most promising directions remain intradiscal
injection for intervertebral disc degeneration,
osteoarthritis and joint disease therapy, bone and soft
tissue healing, and treatment of chronic wounds.

Future development requires:

o Implementation of unified preparation and
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