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Cell therapy with platelets is a widely accepted approach for wound healing and tissue regeneration
in medicine. However, with most available methods poorly concentrated platelet suspensions (up to 0.3-106 1/
ul) or suspensions of mostly inactivated or lost platelets are obtained. In this study, we aimed to develop a
simple and effective method for preparing a suspension of native and resting platelets with over 1:10° 1/ul.
Platelet-rich plasma (PRP) was obtained from fresh blood of healthy donors (n = 5) collected using different
amounts of heparin as the anticoagulant. Samples of PRP were spun down and re-suspended in autologous
blood plasma. Count and vitality of platelets in each sample were determined by aggregation study on the
Solar AP2110 aggregometer. Platelet shape and cytoplasmic granularity that indicate the nativity of platelets
were monitored on the COULTER EPICS XL Flow Cytometer. This study of aggregation of platelets in PRP
obtained using various amounts of heparin allowed us to reduce final concentrations to the amount that ef-
fectively prevented clotting and did not affect platelet reactivity (5 U/ml). PRP concentrated 5 times with a
total concentration of cells of 1:10° 1/ul was able to be activated by adenosine diphosphate (ADP) (aggregation
rate 54 = 7%). The amount of cells with altered shape and granularity in concentrated suspension was not
higher than 20%. This finding means that the platelets would still be able to release a number of growth fac-
tors and other biologically active compounds after stimulation or injection into tissue during cell therapy. The
decrease in heparin concentrations also minimizes haemorrhage in the injection site supporting biomedical
use of the suspension. A simple and effective method for preparation of highly-concentrated PRP (1.2-10° 1/
ul) for biomedical use was developed. Aggregometry and flow cytometry proved that obtained platelets were
resting and able to be activated. Being autologous, the preparation can be widely used for cell therapy without
additional precautions.

Keywords: cell therapy, platelets, autologous, platelet rich plasma, preparation protocol.

pplication of autologous platelet-rich plas-
A ma (PRP) is considered to be beneficial in

restoring connective tissues because of the
slow delivery of growth factors from the harvested
platelets [1, 2]. Despite the uncertainty about the
mechanisms of action of PRP, it is widely used in
many fields of medicine, including dermatology, sur-
gery, bone reconstruction, wound healing and aes-
thetic surgery [3-8]. Moreover, some authors report

inefficiency of PRP therapy and assume the positive
impact of its application is due to “placebo effects”
[9, 11].

In our opinion, the reason for varying clinical
efficacy in PRP use is the lack of standardization of
the PRP preparation [12]. In some of the more recent
articles concerning application of PRP, a detailed,
precise, and stepwise description of the PRP prepa-
ration protocol is claimed to be required to allow
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comparison among studies and reproducibility of
results [13, 14].

In this study, we aimed to develop a simple
and effective method of autologous PRP preparation
using heparin as an anticoagulant. We also propose
a reproducible way to characterize the count and
vitality of the resulting PRP that could be applied at
all stages of preparation.

Materials and Methods

Heparin solution (5000 IU/ml) was purchased
from Indar (Kyiv, Ukraine). Sodium citrate, HEPES,
NaCl, KCI, MgCl,, glucose, NaH,PO,, and BSA
were purchased from Sigma-Aldrich (St. Louis, MO,
USA).

Adenosine diphosphate (ADP) was purchased
from Sigma-Aldrich. The millimolar extinction coef-
ficient of a pH 7 solution of ADP sodium salt is 15.4
at the absorbance maximum wavelength of 259 nm.
We recommend preparing a 1.5 mM stock solution
of ADP and storing it at -20 °C. The working solu-
tion of ADP must be prepared ex temporo by dilu-
ting it 1:100 in 0.05 M Tris HCI buffered with 0.13 M
NaCl (TBS) or PBS (0.01 M KH,PO, pH 7.4). Fur-
thermore, we recommend using the most simple neu-
tral buffer solution to dissolve ADP for measuring.

Blood sampling. Venous blood of healthy
volunteers (n = 5; 2 females, 3 males) aged from 25
to 35 years who had not taken any medication for
7 days was obtained by venipuncture of the basilic
vein using 19G sterile needles. Blood was collected
into sterile plastic 10 ml tubes where it was mixed
immediately with 38 g/l sodium citrate (SC) (9 parts
blood to 1 part SC), heparin at different ratios (final
concentrations were 1.5 to 15 IU/ml for heparin). If
the collection is performed using a syringe, we reco-
mmend removing the needle before ejecting blood
into the tube.

Volunteers signed informed consent prior
to blood sampling. All manipulations were con-
ducted under a license of the Ministry of Health of
Ukraine AE459095 issued to the Dr. Zapolska Clinic
(19.06.2014, N 412).

Aggregometry. Platelet aggregation measure-
ments were based on changes in the turbidity of
human PRP [15]. Studies were performed on the
Aggregometer Solar AP2110 (Solar, Belorussia) ac-

cording to the recommendations of manufacturer.
PRP, concentrated platelet suspension or washed
platelets (250 ul) were added into the sample tube
with a magnetic stirring bar that provided constant
mixing during the measuring process. The number
of platelets was registered during mixing. After
1 min of mixing, the platelets were activated by ad-
dition of 25 pl CaCl, (10 uM) and 25 pl of the plate-
let agonist ADP (15 uM). Aggregation was regis-
tered for 5 min. Platelet count was estimated using
the same device. The initial rate and final level of ag-
gregation were measured at 37 °C in 250 ul of PRP.

This method is easy to use and does not require
expensive devices. It was successfully used in our
laboratory and allowed us to obtain data with high
reproducibility [16, 17].

Flow cytometry. Platelets in PRP and con-
centrated suspensions were characterized by flow
cytometry using the COULTER EPICS XL Flow
Cytometer (Backman coulter, Ramsey, Minnesota,
USA). To make the measurements most cost-ef-
fective we avoided the application of specific com-
pounds or antibodies for assessing the shape and
granulation of platelets. To make these assessments,
we estimated the side light transmission of platelets
(SS) to indicate platelet granulation and the frontal
light transmission of platelets (FS) to indicate plate-
let shape. We recommend using logarithmic coor-
dinates for the most effective presentation of the
data [18]. This approach was effectively used several
times in our studies [19, 20].

Statistics. Results are presented as means +
standard deviations. The difference between the
groups was analyzed by one-way ANOVA. Differ-
ences were considered significant for P < 0.05.

Results and Discussion

Blood collection - anticoagulant selection.
Most authors recommend using SC as the anticoagu-
lant for PRP acquisition. The use of SC allows the
most concentrated suspensions of platelets with the
highest content of growth factors to be obtained
[21, 22]. Most blood collection and centrifugation
protocols for obtaining PRP use acid citrate dextrose
(ACD) or SC as an anticoagulant [23].

However, SC causes pain during injection and
is avoided by doctors, especially in aesthetic medi-

Abbreviations: PRP — platelet-rich plasma; RCF — relative centrifugal force; RPM — rotation per minute; SC — sodium
citrate; ADP — adenosine diphosphate; FS — frontal light transmission of platelets; SS — side light transmission of plate-

lets (SS).
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cine [24, 25]. The use of a citrate-free formulation
was considered a very positive change due to the
disappearance of pre-administration anxiety [26].
Possibly it is one of a reasons some authors report
the use of heparin as an effective anticoagulant for
PRP preparation [27, 28]. Heparin was also shown
to preserve platelet function for a longer time than
SC [29]. Yet most studies show heparin activates
platelets [30]. The mechanism of this action consists
in direct binding of heparin to GPIIb-llla, trigge-
ring a signaling cascade that leads to activation of
phosphatidyl-inositol-3 kinase [31].

To select the dosage of heparin that effectively
prevents blood clotting but does not activate plate-
lets during PRP preparation, we collected blood of
donors in sample tubes with different amounts of an-
ticoagulant and then analyzed platelet aggregation in
PRP (Fig. 1).

Most systems for blood collection use 10 to
50 1U/ml heparin [32]. As shown in Fig. 2 (A), hepa-
rin concentrations above 10 1U/ml led to a three-fold
or more decrease in the platelet aggregation rate
due to the action of heparin. On the other hand, at
a final concentration of heparin lower than 4 1U/ml,
we also observed decreasing platelet reactivity that
was caused by blood coagulation cascade activation
during sample collection. At the final concentration
of anticoagulant lower than 1.5 1U/ml, blood clotting
was observed. We recommend using 5-8 1U/ml of
heparin as the anticoagulant for effectively preven-
ting the clotting of collected blood without affecting
platelet reactivity.

However, all our previous studies of PRP had
the best results when we used SC as the anticoagu-
lant [18-22]. We recommend using SC when possi-
ble, for example for scientific purposes.

Blood centrifugation. PRP was obtained by
centrifugation of blood at 200 g for 30 min at 25 °C.
For centrifugation we recommend using the same
plastic tube that was used for blood collection. A
yellowish initial PRP with the number of platelets
from 0.15 to 0.35-10¢ 1/ul can be found above the red
phase of blood cells. This initial PRP can be used for
laboratory testing of platelet reactivity or to perform
experiments. We used this initial PRP to concentrate
the platelet suspension.

We performed centrifugation and calculated the
relative centrifugal force (RCF, g). In the scientific
literature about the preparation of PRP, we noticed
that many authors use RPM (rotation per minute)
as the unit of measure [33]. Although this approach
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Fig. 1. Platelet aggregation rate in platelet-rich
plasma (PRP) derived from blood collected using
heparin as the anticoagulant. P <0.05, n = 5

is very useful inside a laboratory, it is a wrong ap-
proach for achieving standardization. Calculation of
RCF allows the determination of the desirable speed
of centrifugation for every centrifuge. In Fig. 2, we
present simple diagrams for a quick calculation of
the RPM needed to achieve an RCF of 200 g (Fig. 2,
B) and 450 g (Fig. 2, B); these diagrams were crea-
ted using formula presented previously [34].

PRP normally obtained after a single cen-
trifugation contains 0.15-0.35-10° 1/ul. However, to
achieve the therapeutic effect the PRP must be con-
centrated up to 1.0-10° 1/ul [35]. There are two main
approaches for achieving this. One approach is to
use kits for preparation of highly concentrated PRP.
There are several commercially available systems
for PRP preparation that differ in yield, the antico-
agulant used or efficacy [36]. In the other approach,
here we obtained highly concentrated PRP by dif-
ferential centrifugation. However, these methods
generally are not described well and are very dif-
ficult to standardize, and the preparation process is
not characterized [15].

Concentrating of the platelet suspension in
autologous blood plasma. We aimed to concentrate
platelets in autologous blood plasma. In the series of
experiments we spun down 1.5 ml of the initial PRP
by centrifugation at 400 g during 10 min at 25 °C.
Such a speed is less traumatic for platelets, although
we were concerned that some portion of the platelets
was lost during the procedure. Platelet-poor plasma
that was observed over the platelet pellet was re-
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Fig. 2. Calibration curves for calculation of rotation per minute (RPM) for centrifuges with different rotor
radiuses (the radius can be found in the passport of the centrifuge). A — Calculation of RPM that is needed to
achieve a relative centrifugal force (RCF) of 200 g, given the rotor radius (R). B — Calculation of RPM that is
needed to achieve a relative centrifugal force (RCF) of 450 g, given the rotor radius (R)

moved to a sterile plastic tube. Platelet pellets were
re-suspended in autologous blood plasma (from 1.0
to 0.1 ml) by gentle pipetting.

The summarized step-by-step process for
preparation of highly concentrated PRP including
two-step centrifugation at 200 and 450 g is presented
in Fig. 3.

Characterization of concentrated platelet
suspensions. To characterize the vitality of plate-
lets during the concentration process we analyzed
the shape and the granulation of platelets by flow
cytometry and their ability to aggregate using ag-
gregometry.

Flow cytometry measurements were based on
the fact that platelet activation leads to degranula-
tion and pseudopodia formation, thus resting and
activated cells can be easily separated according
to these parameters [37]. Data presented in Fig. 4
demonstrate that concentration of platelets and their

further resuspension in autologous blood plasma
leads to moderate activation of cells. Maximal con-
centrated platelets suspension (A, 0.1-1.2-10% 1/ul)
contained at least 15 + 5.4% of cells with changed
shape or granularity.

Data of aggregometry presented in Fig. 4 (panel
B) demonstrated that platelets in concentrated sus-
pensions were able to aggregate under the action of
ADP. Aggregation rate was slightly decreased when
platelets were spun down and re-suspended again
without much increase in their number. Further
concentration of platelets led to an increase in their
overall ability to aggregate. The approximate num-
ber of platelets in the suspension concentrated from
different volumes of initial PRP can be predicted ac-
cording to Table.

Concentration of platelet suspension in
HEPES-buffer. When the concentration of platelets
in autologous blood plasma is important for medi-

Approximate parameters of 1 ml of highly concentrated platelet-rich blood plasma derived from different

amounts of initial non-concentrated PRP.

Starting volume of non-concentrated PRP, ml
Parameters Control
15 375 75 | 15
Aggregation rate, % 35+3 208 40+ 10 45+8 547
Resting cells, % 10+2 11+£2 105 12+4 15+54
Number of platelets, x106 1/ul  0.21£0.03  0.31 +0.06 05+01 0.72 £ 0.10 1.20 £ 0.09
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Fig. 3. Process of preparation of highly concentrated platelet-rich plasma (PRP). 1 — donor’s blood collected
in the plastic tube with 0.38% sodium citrate (SC) or 5 IU/ml heparin. Centrifugation of blood at 200 g
during 30 min; 2 — hematocrite and PRP (concentration of platelets 0.2-0.3:10° 1/ml); 3 —PRP separated from
hematocrite in sterile plastic tube; 4 — centrifugation of PRP at 450 g during 10 min; 5 — platelet pellet and
platelet-poor plasma above it; 6 — separation of platelet-poor plasma from platelet pellet; 7 — re-suspension
of platelet pellet in small amount of platelet-poor plasma that was collected in p. step 6. It is more useful to
leave the desirable amount of platelet-poor plasma in the same tube with platelet plasma and resuspend the

pellet in it; 8 — highly concentrated PRP

cal use, the experimental research often requires
removal of most blood compounds. In this study
we concentrated platelets in different amounts of
buffer saline to prepare so-called “washed” plate-
lets. HEPES buffer that was used for this purpose
contained 0.004 M HEPES, 0.137 M NaCl, 0.0027 M
KCI, 0.001 M MgCl,, 0.0056 M glucose, 0.003 M
NaH_PO,, 0.35 mg/ml BSA, pH 7.4.

In the case of resuspending platelets in the
HEPES buffer (Fig. 5) the amount of changed cells
(activated or pre-activated platelets) was 40 + 10% at
maximal concentration (C, 0.1-1.05-10° 1/ul). Howe-

ver, simply removing blood plasma and resuspen-
ding the pellet in HEPES buffer did not cause ac-
tivation of more than 22 + 6% of platelets even at a
concentration up to 0.6:10° 1/ul.

Conclusion. A simple and effective method for
preparation of highly-concentrated (1.2:10° 1/ul) for
biomedical use was developed. Aggregometry and
flow cytometry proved that obtained platelets were
resting and able to be activated. Being autologous,
the preparation can be widely used for cell therapy
without additional precautions.
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Fig. 4. Flow cytometry and aggregometry of platelets that were spun down and re-suspended in autologous
blood plasma during their concentration. Data from typical experiments, n = 5. AP — aggregated platelets.
A — Flow cytometry. Control — shape and granulation distribution of non-concentrated platelets (1.5 ml); 1.0-
0.1 — platelet shape and granulation distribution in suspensions of platelets prepared in the volume of 1, 0.8,
0.4, 0.2, 0.1 ml respectively. Frontal light transmission (FS) — parameter of platelet shape; Side light trans-
mission (SS) — parameter of platelet granulation. Non-stimulated platelets were analyzed. B — Aggregometry.
Control — platelet aggregation rate of non-concentrated platelets (1.5 ml); 1.0-0.1 — platelet aggregation rate
in suspensions of platelets prepared in the volume of 1, 0.8, 0.4, 0.2, 0.1 ml respectively. Platelets were stimu-
lated with adenosine diphosphate (ADP) at the end concentration of 1.25 uM
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Fig. 5. Flow cytometry and aggregometry of platelets that were spun down and re-suspended in HEPES buffer
(0.004 M HEPES, 0.137 M NaCl, 0.0027 M KCI, 0.001 M MgCl,, 0.0056 mM glucose, 0.003 M NaH,PO,,
0.35 mg/ml BSA, pH 7.4). Data from typical experiments, n = 5. AP — aggregated platelets. A — Flow cytom-
etry. Control — shape and granulation distribution of non-concentrated platelets (1.5 ml); 1.0-0.1 — platelet
shape and granulation distribution in suspensions of platelets prepared in the volume of 1, 0.8, 0.4, 0.2, 0.1 ml
respectively. Frontal light transmission (FS) — parameter of platelet shape; Side light transmission (SS) — pa-
rameter of platelet granulation. Non-stimulated platelets were analyzed. B — Aggregometry. Control — platelet
aggregation rate of non-concentrated platelets (1.5 ml); 1.0-0.1 — platelet aggregation rate in suspensions of
platelets prepared in the volume of 1, 0.8, 0.4, 0.2, 0.1 ml respectively. Platelets were stimulated with adeno-
sine diphosphate (ADP) at the end concentration of 1.25 uM
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Kmituana  Tepamis 3~ BHKOPHCTAHHSM
TPOMOOIIMTIB € MUPOKO MONIUPEHHUM ITiIXOA0M B
MEIUITUHI JIJISI 3aTOEHHS PaH 1 pereHepailii TKaHUH.
OpmnHak, HAHJOCTYMIHINII METOIU MAIOTh 3MOTY OT-
pUMaTH HE IOCTATHBO KOHIICHTPOBAaHI CYCIEH3il
tpomborutie (10 0,3-10° 1/mMki) abo cycmensii
TPOMOOIIMTIB, IO YAaCTKOBO ab0 IOBHICTIO BTpa-
TUJIM CBOIO aKTUBHICTh. Y I[bOMY JOCIIKEHHI MU
MOCTAaBUJIM 32 METY PO3pPOOUTH MPOCTHl Ta edek-
TUBHUN METOJ IPUTOTYBaHHS CYCIIEH31i HATUBHUX
Ta IHTAKTHUX TPOMOOITUTIB y KOHIICHTpAIIil TOHA
110° 1/mkn. 36aradeHy TpOMOOIIMTaMHU ILIA3My
kposi (3TIIK) orpumyBasu 31 CBiOI KpOBi 310po-
BUX JIOHOPIB (N = 5), mpu 3a00pi KPOBI K aHTUKOATY-
JAHT BUKopucToByBasn renapud. 3pasku 3TIIK oca-
JOKYBAJIU 1 peCyCIIeH Iy Balii B aBTOJIOTIYHIN T1a3Mi
KpoBi. KiTbKiCTB Ta JKUTTE3XATHICTH TPOMOOITHUTIB Y
KO)KHOMY 3pa3Ky BH3HAYa U HUISTXOM JOCIIKEHHS
arperauii Ha arperometpi Solar AP2110. ®opma
TPOMOOIUTIB 1 TPaHYJSIPHICTH LUTOIIA3MH, SKi
BKa3ylOThb Ha HATHUBHICTh TPOMOOIIMTIB, KOHTPO-
moBanmu Ha morTokoBomy muToMeTrpi COULTER

EPICS XL. HdocnikeHHs arperaiii TpoMOOLUTIB
y 3TIIK, orpumaniii 3 BHUKOPUCTAHHSM pPI3HUX
KUIBKOCTEH TemnapuHy, IO3BOJIJIO HaM 3HU3HUTH
KIHIICBI KOHILIEHTpAIIl 0 KIJIBKOCTI, sika e(heKTHUB-
HO 3aro0iraja 3CiJIaHHIO KPOBI 1 HE BILIMBaJa Ha
aktuBHiCTh TpomOonmtiB (5 U/mn). 3TIIK, ckon-
[EHTPOBAHA B 5 pa3iB i3 3araJibHOI0 KOHIIEHTPALIIEI0
kit 1-10° 1/mkn, Gyna 31aTHA 70 akTHBAI aje-
HosuHgudocparom (AAD) (cTyminb arperanmii
54 £ 7%). KinbKicTh KJITHH 31 3MiHEHOIO (OPMOIO
Ta TPaHYJSPHICTIO B CKOHIICHTPOBAaHINM CYCIEH3i1
He nepeutnyBana 20%. Lli naHi cBigyath, npo Te,
110 TPOMOOITUTH 30epiratoTh 37aTHICTh BUBLUIBHITH
psAn GakTopiB PoCTy Ta iHINI OIONOTTYHO AKTHUBHI
CIIOJIYKH MICIsl CTUMYIISLIT 200 1HeK1ii B TKAHUHA
3a KIITHHHOI Tepanii. 3HWKEHHS KOHIEHTpallii re-
HNapuHy 70 TOTrO K MiHIMi3y€ KPOBOBMJIMB B MiCLi
IH €Ki, IO cripusie OI0MEIUYHOMY 3aCTOCYBaHHIO
cycnensii. Po3pobneHo mpoctuii Ta edexkTuBHUN
METOJ] IPUTOTYBaHHS BUCOKOKOHIIEHTpoBaHoi 3TTI
(1,2-10° 1/mKim) mnst GioMEAMYHOTO BHKOPUCTAHHS.
ArperaromeTpisi i MPOTOKOBa LIUTOMETPisl JOBe-
7Y, 10 OfiepKaHl TPOMOOLMTH IHTAKTHI W 37aTHI
aKkTuByBaTHcs. [lpemapar, IO € aBTOJOTIYHHM,
MOYe OyTH IIMPOKO BUKOPUCTAHUMN JUJIS KIIITHHHOL
Teparnii 0e3 10JaTKOBHX 3aI00IKHHUX 3aXOJIiB.

KnmouoBi cnoBa: KITHHHA Teparmis,
TPOMOOIIMTH, aBTOJIOTIUHHH, 30aradyeHa TpoMOOITH-
TaMHU IJIa3Ma, MPOTOKOJ MPUTOTYBAHHSL.
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