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Development of effective biological products, based on human platelets, is very actual in regenerative medicine. The initial material for
biological products’ obtaining is platelet-rich plasma (PRP), but the method of PRP isolation has not yet been standardized.
To assess the quality of platelets in PRP, harvested by different centrifugation modes.

For platelet study, venous blood was harvested from volunteer donors. We used 3 methods for PRP-preparation, each
methods included 2-stage centrifugation: 5 min 300g and 17 min 700g (Group 1); 10 min 300g and 10 min 700g (Group 2); 15 min 300g and 5 min
700g (Group 3). Platelets were examined using morphofunctional method based on vital cell staining.

In Group 1 and Group 2, the overall safety of biologically high-grade platelets in PRP was similar and estimated 55-60% of their total content

in the blood. In Group 3 the safety of biologically high-grade platelets was only 30% (p<0,05).

The centrifugation modes «5 min 300 g / 700 g 17 min» and «10 min 300 g / 10 min 700 g» allowed researchers to obtain equal quality
PRP, while «10 min 300 g / 10 min 700 g» mode has a number of instrumental benefits.
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PRP - platelet-rich plasma
Dplgr - density of platelets with granules
Cplgr - concentration of platelets with granules

INTRODUCTION

Today, treatment methods using human platelet-based drugs are becoming more common in many areas of
clinical medicine. Human platelets contain a large number of growth factors, angiogenesis factors, and cytokines,
which stimulate the processes of reparative regeneration [1-5]. The effectiveness of platelet preparations has
been shown in a large number of studies; however, none of these preparations is fully standardized. The starting
material for obtaining biological products is platelet-rich plasma (PRP). Methods for obtaining PRP are
instrumentally and technically simple, and the use of autologous PRP in the clinical process has a small number
of relative and absolute contraindications and is legally permitted. According to researchers, in order to achieve a
clinical effect, the concentration of platelets in PRP should be at least 1000 thousand/mcL. There are various
protocols for PRP production that allow obtaining the required concentration of platelets [6-9], special
centrifuges and systems for PRP isolation have been developed, that maximally simplify the labor costs for the
use of this technique in clinical practice [8, 9]. However, the actual quality of the resulting platelets, their
structural and functional characteristics are not taken into account. Centrifugation can disrupt the native
structure of platelets, cause their spontaneous aggregation, which ultimately can lead to the loss of the biological
potential of platelets.

The aim of this work was to assess the morphological and functional status of PRP platelets isolated by
different methods of centrifugation.

MATERIAL AND METHODS

Our work was carried out with the approval of the Interuniversity Ethics Committee (protocol No. 02-21 dated
February 18, 2021). We used venous blood samples from 15 volunteer donors. Venous blood was taken from the
cubital vein into vacuum tubes with the anticoagulant EDTA (ethylenediaminetetraacetic acid). From each donor,
3 tubes of blood with a volume of 4 ml were harvested. Small aliquots (10-50 ul) were taken from the tubes to
assess the initial quality of donor platelets, then the tubes were divided into three experimental groups, each
group had one tube from each donor. In the experimental groups, double centrifugation was performed to isolate
PRP. Initially, whole blood was centrifuged at 300 g to separate it into components and obtain primary plasma
with platelets. The primary plasma was then centrifuged at 700 g to concentrate the platelets and obtain the final
PRP. In Group 1, the duration of centrifugation at 300 g was 5 min, and at 700 g - 17 min; in Group 2 - 10 minutes
and 10 minutes, in Group 3 - 15 minutes and 5 minutes, respectively. In all the cases, after the first
centrifugation, the entire volume of supernatant plasma with platelets was transferred to a new tube. After
centrifugation at 700 g, the primary plasma was divided into platelet pellet and platelet-poor plasma (platelet
content less than 100,000/ul). Platelet-poor plasma was collected so that 0.5 ml of it remained in the test tube.
This plasma volume was used to resuspend the platelet pellet. Plasma sampling and mixing in all the cases were
carried out with disposable sterile medical syringes up to 10 ml in volume through disposable sterile 20 G spinal
needles (Fig. 1). As a result, 0.5 ml of PRP was obtained from 4 ml of blood.



Fig. 1. A — selection of plasma with platelets from a test tube; B — transfer of primary plasma into a sterile tube before re-centrifugation

The volume of plasma obtained was measured with a graduated pipette. The concentration of platelets and
leukocytes in the blood and plasma was determined on a hematological analyzer, and the total number of
platelets in the sample was also calculated. Assessment of the morphofunctional status of human platelets
included staining the cells with a fluorescent vital dye followed by their analysis using a fluorescence microscope
[10, 11]. In the original blood, primary plasma and PRP, the level of biologically valuable platelets with granules
was estimated, density of platelets with granules, Dplgr (%, the norm being 35-75%), the total number of
platelets with granules in the sample was calculated, concentration of platelets with granules (Cplgr) (106). In
addition, in each group, the overall survival of platelets and the safety of platelets with granules were calculated.
To do this, the ratio of the number of platelets in the entire volume of the finished PRP to their number in the
volume of the original blood was determined and expressed as a percentage. Similarly, the count for platelets with
granules was performed.

When statistically processing the data, the median, the 1st and 3rd quartiles were determined, and the
Wilcoxon signed-rank test for clustered data was used to evaluate differences. Results were considered
statistically significant at p less than 0.05.

RESULTS AND DISCUSSION

In the original blood, the platelet concentration was 249 [223; 284] thousand/ul, their total number - 964 [888;
1136], Dplgr — 50 [45; 60]%, leukocyte concentration — 7 [6; 10] thousand/pl. Plasma parameters after the first
centrifugation are presented in Table 1. Compared to the original blood, the concentration of platelets in the
plasma increased, while in Group 3 the concentration of platelets was statistically significantly lower compared to
Group 1 and Group 2. The concentration of leukocytes, on the contrary, statistically significantly decreased in all
the groups, but in Group 1 it was 3-5 times higher than in Group 2 and Group 3 (p<0.05). The volume of plasma
obtained after the first centrifugation in Group 1 was 1.30 (1.00; 1.50), in Group 2 - 1.40 (1.40; 1.60), and in Group
3 - 1.60 (1.40; 1.80). As a result, the total number of platelets obtained after the first centrifugation in all the
samples was statistically significantly less than in the original blood. The losses in Group 1 were 43%, in Group 2
— 38%, and in Group 3 — 47% of the initial total number of platelets. Thus, the first centrifugation for more than
10 minutes is impractical. Longer centrifugation leads to excessive sedimentation of platelets and increases their
loss.



Table 1
Characteristics of plasma samples isolated from the blood of patients during centrifugation at 300 g

Sample type

Morphofunctional parameters: median (Q1; Q3)

Whole blood

Primary plasma, after the first 300 g centrifugation

Group 1 (5 minutes)

Group 2 (10 minutes)

Group 3 (15 minutes)

Platelet concentration, x10%/ul

241 (223; 284)

447 (336; 511)*

462 (341; 574)"

332 (254;438)" *"

Leukocyte concentration, x10%/ul

7 (6; 10)

0.8 (0.5; 2.5)°

0,3 (0.1; 0.5)" **

0.2 (0.1;0.8)" *

Total number of platelets in the sample, x10°

952 (848; 1156)

548 (429; 682)"

591 (429; 742)"

506 (342; 615)"

Total number of platelets with granules, x10°

501 (400; 674)

282 (216; 353)"

375 (280; 445)°

306 (263; 380)"

Notes: * — statistically significant as compared to control (p<0.05); ** — statistically significant as compared to Group 1 (p<0.05)

After the second centrifugation with an acceleration of 700 g and subsequent resuspension in a smaller
volume of plasma, the total platelet concentration in Groups 1 and 2 averaged 1000 thousand/ul and above,
which corresponded to the recommended platelet concentration in PRP. In Group 3, the target platelet
concentration could not be achieved. In these samples, the content of platelets was lower than in Groups 1 and
2 by an average of 1.8 times. Platelets of Groups 1 and 2 retained their morphofunctional status, while the
relative content of platelets with granules after double centrifugation did not statistically significantly change
compared to that in the original blood. On the contrary, in PRP samples of Group 3, a statistically significant
decrease in Dplgr and other morphofunctional parameters of platelets (p<0.05) were noted. Numerous platelet
conglomerates, in which platelets retained granules, were observed in many samples of this group. Small
aggregates formed by cells without granules could also be seen. The brightness of the cytoplasm in such
platelets was markedly reduced. All this indicates spontaneous activation of platelets. The total number of
obtained platelets with granules in PRP is shown in Fig. 2.
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Fig. 2. The total number of platelets with granules in the initial blood sample and in the platelet-rich plasma of the studied groups

In Groups 1 and 2, the total number of fully functioning platelets averaged 55-60%, while in Group 3 - only
30%. Comparative analysis of PRP samples obtained by different methods is presented in Table 2. It can be
concluded that the PRP production mode “15 min at 300 g/ 5 min at 700 g” is ineffective.

Table 2
Comparison of platelet rich plasma samples obtained by different methods

Morphofunctional parameters: median (Q1; Q3) Method for PRP production

5minat300g/17 minat700g

10 min at 300 g / 10 min at 700 g

15 minat 300 g/ 5 minat 700 g

(Group 1) (Group 2) (Group 3)
IThe level of platelets with granules, % 45 (40; 51) 47 (43; 59) 40 (37; 45)"
ITotal number of platelets in PRP, x10° 545 (479; 665) 657 (582;782) 315 (274; 405)"

Total number of platelets with granules in PRP, x10°

305 (223; 352)

275 (199; 341)

142 (118; 172)"

Note: * — statistically significant as compared to Group 1 (p<0.05)

Centrifugation modes 5/17 and 10/10 make it possible to produce PRP that is optimal in terms of its qualitative and quantitative characteristics, capable of

manifesting regenerative potential.
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CONCLUSION

The study showed that the well-known mode "5 min at 300 g/ 17 min at 700 g" [7] makes it possible to obtain PRP
with platelets of satisfactory quality. The centrifugation mode "10 min at 300 g / 10 min at 700 g" is comparable to the
recommended mode in number and quality of platelets (Table 2), moreover, it has a lot of instrumental advantages. First,
in the "10 min at 300 g/ 10 min at 700 g" mode, the primary plasma contains far fewer leukocytes, which can be critical in
the manufacture of platelet preparations. Leukocytes contain a large number of pro-inflammatory cytokines, which, in
combination with platelet components, can enhance many pathophysiological reactions, and therefore most researchers
recommend producing PRP without leukocytes [2, 3, 6]. Secondly, in some cases, 5 minutes at 300 g may be insufficient
to obtain the required volume of original plasma. Increased blood and plasma viscosity is observed in patients with
arterial hypertension, massive blood loss, extensive burns, poisoning, and in many pathologies accompanied by
dysproteinemia [12-14]. Besides, even in healthy people, the duration of plasma release can be extended due to low
values of the erythrocyte sedimentation rate [15]. Thus, blood centrifugation at 300 g for 10 min increases the reliability
of obtaining PRP with the standard cell concentration while maintaining their morphological and functional properties.
Samples of PRP obtained in this way also contained a sufficient number of platelets with granules, which is required to
achieve a therapeutic effect previously demonstrated both in vitro and in clinical studies [5, 16].

CONCLUSIONS

The proposed mode of producing platelet-rich plasma — 10 min at 300 g / 10 min at 700 g — seems to be
effective for obtaining a platelet concentrate with the required quality of 47% (43; 59) (p<0.05) and quantitative
composition of 657 (582; 782) thousand/ul 106 (p<0.05) and is recommended for use in clinical practice, including
traumatology and orthopedics.
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