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Purpose: To assess the impact of varying centrifugation speeds on platelet and leucocyte-rich plasma (L-PRP) in liquid and gel form 
cellularity and growth factor concentrations for potential use against ocular surface disorders.
Patients and Methods: L-PRP was collected from 16 healthy subjects using three different centrifugation speeds: 580, 1000, and 
2000 g, each for 8 min at 25°C. Platelet and leukocyte counts were automatically evaluated. The concentrations of vascular endothelial 
growth factor (VEGF), platelet-derived growth factor (PDGF), and transforming growth factor beta 1 (TGF-B1) were measured using 
enzyme-linked immunosorbent assays. L-PRP gel cellularity was assessed through hematoxylin-eosin and Masson’s trichrome 
staining, categorized as moderate or abundant, and statistically analyzed. L-PRP gel membrane’s chemical composition was analyzed 
using Fourier-transform infrared spectroscopy (FTIR), crystallization was investigated with X-ray diffraction (XRD), and ultrastruc
ture was assessed using surface electron microscopy (SEM). Additionally, membrane degradation was evaluated over a 7-day period.
Results: No significant differences in cellularity and growth factor concentrations among centrifugation speeds (p > 0.05) were found. 
Moderate cellularity predominated at 580 g and 2000 g, while abundant cellularity was observed at 1000 g. No significant differences 
were found techniques (p = 0.16). Masson’s trichrome staining suggested the existence of abundant fibrin at 1000 g but without 
significant differences (p = 0.07). FTIR analysis exhibited the characteristic fibrin bands at all speeds, and XRD indicated a keratin-like 
pattern. SEM revealed greater porosity at 580 g and fibrin membrane degradation was lower at this speed (p = 0.0001).
Conclusion: Centrifugation speed did not significantly affect growth factor concentration or cellularity in both liquid and gel L-PRP. 
Further studies should explore the impact of different separation techniques for L-PRP used in ophthalmic applications.

Plain Language Summary:   

● Background: Platelet and Leukocyte-rich plasma (L-PRP) is obtained from an individual’s blood. It is currently being utilized 
successfully and showing encouraging outcomes in ophthalmology for various illnesses. The issue of standardization, particularly 
the centrifugation speed, is one of the main obstacles to its wider application because the preparation protocols vary depending on 
the disease type and the setting.

● Goal: We carried out this study to evaluate the effect of centrifugation speed in obtaining platelet and leucocyte-rich plasma in 
liquid and gel form and its impact on the quality of the product.

● Results: We discovered that centrifugation speed affected Platelet and Leukocyte-rich plasma cellularity. Furthermore, the 
centrifugation speed influenced the platelet and leucocyte-rich plasma gel deterioration after seven days. These findings highlight 
the significance of standardizing procedures, particularly centrifugation speed, to produce a high-quality product that lasts longer 
and may yield more encouraging outcomes when applied in the field of ophthalmology.

● Conclusion: L-PRP is a product with great clinical potential. Standardization is the biggest barrier to widespread use. We observed 
differences depending on the type of centrifugation speed used for its preparation, which opens the way for us to continue carrying 
out future studies until we obtain a product with the best therapeutic potential in patients with ophthalmological diseases.
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Introduction
Hemoderivatives have a wide range of medical applications. These physiologically active compounds are clinically 
effective in various therapeutic contexts, most notably in dermatology, traumatology, plastic surgery, and dentistry.1 In 
the field of regenerative medicine, blood products can be divided into three categories: autologous serum, platelet-rich 
plasma (PRP), and plasma rich in growth factors.2 PRP, composed of concentrated platelets and growth factors, is 
a product with tremendous potential because of its unique capacity to promote tissue regeneration.3 Ehrenfest et al 
proposed a classification of four distinct families based on fibrin architecture and leucocyte content.4 Low leukocyte 
content and low fibrin density following activation are characteristics of pure platelet-rich plasma (P-PRP), which 
qualifies it for usage in liquid solutions or as an active gel. However, apheresis equipment or other techniques are 
needed for its preparation. Platelet and Leukocyte-Rich Plasma (L-PRP) is a versatile material that can be used in liquid 
solutions or active gels due to its high leukocyte content and low-density fibrin mesh. Pure Platelet-Rich Fibrin (P-PRF) 
is not suited for injection or use like traditional fibrin glues since it is devoid of leukocytes and has a high density of 
fibrin mesh. It is only available in activated gel form. Platelet- and Leukocyte-Rich Fibrin (L-PRF) is only found in an 
activated gel state and is rich in leukocytes with a high-density fibrin network. Based on fibrin properties and cellular 
makeup, this classification scheme offers a sophisticated understanding of PRP variations and enables targeted uses. As 
such, it has become a vital tool in the field of regenerative medicine.4–6 In ophthalmology, PRP in liquid and gel form are 
used as adjuvant therapy for corneal ulcers, corneal epithelial defects, dry eye syndrome, autoimmune diseases, and 
epithelial regeneration support.7–10 Within the classification of PRP it has been observed that L-PRP has a positive effect 
on the stimulation of fibroblast activity, cell migration, and expression of genes related to extracellular matrix and 
adhesion molecules compared to P-PRP.11,12 Despite its potential application in ophthalmology, a few issues and 
limitations should be addressed before its wide application.13 Since there are no established standards for L-PRP 
preparation, the most significant point is standardizing L-PRP preparation, as its therapeutic effectiveness may be 
impacted by variations in content and quality among preparation techniques.13,14 Buffy coat separation and centrifugation 
speed are the two phases that impact L-PRP quality. The first stage in producing L-PRP is centrifugation speed. The type 
of centrifuge used, the target platelet concentration, the amount of blood processed, and the medical use of L-PRP all 
impact this decision.13,15 Ophthalmological L-PRP may require a different centrifugation speed than orthopedics or 
dermatology.16 Our main objective was to characterize blood products obtained at different centrifugation speeds to 
prepare L-PRP in liquid and gel form applicable to ophthalmologic settings.

Materials and Methods
This is an experimental study. Sixteen healthy subjects 20–85 years of age were recruited. After signing and accepting the 
informed consent, peripheral venous blood samples were obtained in three 10 mL tubes with 1 mL of sodium citrate. 
Sample collection was carried out at the Zambrano Hellion Medical Center (Ethics Committee 018–2022-CI-R, 2022) 
following the guidelines of the Declaration of Helsinki.

Preparation of Autologous L-PRP
Autologous L-PRP was prepared under sterile conditions inside a laminar flow hood. To prepare L-PRP, 30 mL of whole 
blood was added to 15 mL tubes with 1 mL of 3.2% NaCl. Subsequently, samples were centrifuged for 8 min at 25°C at 
the following speeds: 580 g, 1000 g, and 2000 g. PRP was aspirated by pipetting and placed in photoprotected plastic 
tubes and refrigerated at 4°C until quantification of growth factors.

For the preparation of the L-PRP in gel form, 30 mL of whole blood was mixed in 10 mL tubes with 1 mL of 3.2% 
sodium citrate. Samples were centrifuged for 8 min at 25°C at the following speeds: 580, 1000, and 2000 g. Then, 5 mL of 
platelet-poor plasma was aspirated and placed in photoprotected plastic tubes, before adding 500 μL of 1% calcium chloride 
and 1 mL of autologous thrombin. Finally, the mixture was incubated at 37°C for 1 h. To prepare autologous thrombin, 1 mL 
of the PRP previously prepared by pipetting was aspirated and placed in a sterilized glass bottle together with 100 μL of 1% 
calcium chloride and incubated at 37°C for 30 min. The membranes obtained had a diameter of 18–22 mm and a thickness 
of 1 mm.
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Leucocyte and Platelet Quantification
Leucocyte and platelet quantification was carried out using an automated hemocytometer (Ac-T diff, Beckman Coulter, 
Brea, CA, USA). Samples were diluted to maintain linearity prior to automated analysis, based on the detection limits of 
the apparatus and manufacturer’s information.

Quantification of Growth Factors
Platelet derived growth factor AB (PDGF-AB), vascular endothelial growth factor (VEGF) and transforming growth factor B1 
(TGF-B1) levels were quantified in PRP using enzyme-linked immunosorbent assay (ELISA) commercial kits (Invitrogen; 
ThermoFisher, Waltham, MA, USA). Absorbances were read at the manufacturer’s recommended wavelength using micro
plate readers. Samples were measured in duplicate at the appropriate dilutions required for the specific calibration curve.

Histological Analysis of L-PRP Gel
The L-PRP gel meshes were analyzed histologically. Once obtained, the mesh was fixed in 10% formalin for 24 h, 
dehydrated, and immersed in paraffin. Afterward, the block obtained was cut into sections, which were subjected to 
hematoxylin and eosin staining for analysis and evaluation of the distribution of platelets, leukocytes, and fibrin. To 
better observe fibrin, we also used Masson’s trichrome staining.

Chemical Analysis and Crystallization of L-PRP Gel
The chemical structure of the L-PRP gel was analyzed using Fourier-transform infrared spectroscopy (FTIR) in 
a Fourier-transform Spectrum 400 apparatus (Perkin Elmer, Waltham, MA, USA) at the wavenumber range of 4000– 
400 cm−1 under room temperature. Furthermore, XRD was used to assess the crystallinity of the platelet-rich fibrin 
membrane. XRD was recorded in the 2θ range between 10° –85° with a step size of 0.026 using a PANalytical Empyrean 
diffractometer (PANalytical, Almelo, The Netherlands) and CuKα radiation (λ = 1.5406 Å). The voltage applied was 45 
kV and the current was 40 mA.

L-PRP Gel Ultrastructure Evaluation
Scanning electron microscopy was used for the structural evaluation of the L-PRP gel meshes. Samples were fixed with 
2.5% glutaraldehyde for 2h at 4°C, post-fixed with osmium tetraoxide (1% OsO1 in 0.1M cacodylic acid buffer) for 2h at 
4°C and dehydrated with alcohol at different concentrations (70 to 100%). Once dry, samples were covered with gold 
using a Quorum QR150 ES sputtering system (Quorum Technologies, Laughton, UK) and subjected to analysis with an 
EVO MA Scanning Electron Microscope (Carl Zeiss Microscopy).

In vitro Degradation of L-PRP Gel
The degradation study was carried out for 7 days. Once formed, the L-PRP gel meshes were weighed to obtain an initial 
weight (P0). Then, weight was measured every 24 h. The percentage of remaining mass was calculated using 
a mathematical formula ((Pd/P0) X 100).

Statistical Analysis
General descriptive analyses were performed using measures of central tendency. For the evaluation of normality, the 
Shapiro–Wilk test was performed. The results were compared by performing a two-way ANOVA test with the objective 
of determining the existence of significant differences between the groups. P values were 2-tailed and values <0.05 were 
considered statistically significant. The analysis of this data was carried out using IBM SPSS version 26 software.

Results
Patients
We included a total of 16 healthy participants with an average age of 30 years (SD: 15.2); 43.75% women and 56.25% 
men; (Table 1).
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Leucocyte and Platelet Quantification
We obtained 6 mL of L-PRP from the entire blood taken from each healthy participant. The preparation of L-PRP gel meshes for 
investigations on leucocytes, platelets, chemical analysis, and degradation was also done (Figure 1). There was a significant 
difference (p = 0.01) in the concentration of leukocytes at a speed of 2000 g, with a concentration of 6.4 × 103/μL (SD: 0.6) 
(Table 2). However, there was no significant difference (p = 0.85) in the concentration of platelets, with the highest concentration 
of 880.8 × 103/μL (SD: 73.6) being found at 580 g (Figures 2 and 3).

Quantification of Growth Factors
Commercial ELISA kits were used to make measurements of growth factors VEGF, PDGF, and TGF-B1 (Table 3). At 
2000 g, the maximum VEGF concentration was 482 pg/mL (SD: 98.65). The maximum level of PDGF was measured 
at 580 g, at 1597.75 pg/mL (SD: 60.85). TGF-B1 was present in the maximum concentration at 1000 g, 843.05 pg/mL 
(SD: 90.70). The concentration of VEGF, PDGF, and TGF-B1 did not differ significantly among centrifugation speeds 
(p > 0.05).

Histological Analysis of L-PRP Gel
H&E staining assessed leucocyte and platelets while Masson’s trichrome stain determined the presence of fibrin in the 
histological examination. At 580 g and 2000 g, the observed cellularity was modest, but the 1000 g technique showed 
abundant cellularity; however, there were no significant differences (p = 0.16). With Masson’s trichrome staining, 
precipitates strongly resembling fibrin were frequently observed at 1000 g (Figure 4), but without significant differences 
to other speeds (p = 0.07).

Table 1 Clinical Characteristics of Healthy 
Subjects

Mean SD

Age 30 15.2

n (16) %
Sex Female 7 43.75

Male 9 56.25

Abbreviation: SD, standard deviation.

Figure 1 (a) L-PRP and (b) L-PRP gel mesh obtained from the whole blood of healthy subjects.
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Chemical Analysis and Crystallization of L-PRP Gel
In FTIR, we could confirm that both samples were hydrated, as evidenced by the presence of a band at 3276 cm−1 

associated with the OH functional group.17 A band at 1634 (1634–1639) cm−1 corresponded to the amide I functional 
group18 and featured vibration and tension in the v(C=O) bond. In addition, a second band associated to the amide II 
functional group19 with vibration and bending of the v(N–H) bond was observed at 1541 (1541–1546) cm−1. The 
presence of glycoproteins (C–O) on the membrane surface could be linked to the band at 1020 cm−1.20 These bands are in 

Figure 2 White blood cell concentration in whole blood and L-PRP at different centrifugation speeds. Results are presented as mean ± standard deviation (SD) *(p < 0.05).

Figure 3 Platelet concentration in whole blood and L-PRP at different centrifugation speeds. Results are presented as mean ± standard deviation (SD).

Table 2 Leucocyte and Platelet Count from Whole Blood 
and Platelet and Leucocyte-Rich Plasma (L-PRP) at Different 
Centrifugation Speeds

WBC (x 103/uL) PLT (x 103/uL)

Whole blood 5.87 ± 0.2 276.9 ± 62.7

L-PRP - 580 g 7.1 ± 0.5 880.8 ± 73.6
L-PRP - 1000 g 7.2 ± 1.1 877.5 ± 176.6

L-PRP - 2000 g 6.4 ± 0.6 858.2 ± 91.4

Note: Results are presented as mean ± standard deviation (SD). 
Abbreviations: L-PRP, platelet and leucocyte-rich plasma; PLT, platelets; 
WBC, white blood cells.
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line with those described for fibrin.21 The fibrin membrane XRD pattern revealed a fibrous and regular organization with 
a distinctive peak at 26.4o (Figure 5).22

L-PRP Gel Ultrastructure Evaluation
A porous membrane can be observed in the sample centrifuged at 580 g (a) while cell immersion is best observed at 1000 
g (b). Finally, the membrane walls were thinner at 2000 g (c) (Figure 6).

In vitro Degradation Study of L-PRP Gel
The three fibrin membranes were degraded over seven days. At the end of that period, we observed significantly (p = 
0.0001) less degradation at 580 g with an initial weight of 0.292 g and a final weight of 0.223. With 28.5% of 
degradation, there was also a significant difference (p = 0.000003) in percentage terms at 580 g (Figure 7).

Discussion
The potential of PRP to treat disorders of the ocular surface has been investigated. The ocular surface illness Index score 
and conjunctival lissamine green staining decreased in response to PRP eye drops, indicating improvement in symptoms 
and indicators of ocular surface illness.23,24 PRP eye drops can be produced utilizing a variety of techniques, including 
platelet apheresis donation and platelet lysates.10,14 Distinct PRP products, including PRP eye drops and platelet gels, 
have been shown in clinical investigations to enhance patient signs and symptoms.10,18,25 Regarding PRP derivatives, 
L-PRP apparently has a better regenerative effect thanks to the microenvironment generated by the presence of 
leukocytes.11,12

Figure 4 Histological analysis of L-PRP gel meshes. (a) H&E staining (40X) of platelet-rich fibrin membranes with abundant cellularity obtained at a centrifugation speed of 
1000 g. (b) Masson´s trichrome staining (40X) of platelet-rich fibrin membranes at a centrifugation speed of 1000 g. The arrow indicates abundant precipitation, highly 
suggestive of fibrin.

Table 3 Growth Factor Concentration from Platelet and Leucocyte-Rich 
Plasma (L-PRP) at Different Centrifugation Speeds

VEGF (pg/mL) PDGF (pg/mL) TGF-B1 (pg/mL)

L-PRP - 580 g 251.4 ± 76.3 1597.7 ± 60.8 759.4 ± 87.5

L-PRP - 1000 g 292.4 ± 68.6 1538 ± 34 843 ± 90.7

L-PRP - 2000 g 482.5 ± 98.6 1491.8 ± 68 766.7 ± 98.4

Note: Results are presented as mean ± standard deviation (SD). 
Abbreviations: PDGF, platelet-derived growth factor; pg, picograms; TGF-B1, transforming 
growth factor beta 1; VEGF, vascular endothelial growth factor.
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Figure 5 Chemical analysis of L-PRP gel meshes. (A) FTIR of L-PRP gel meshes obtained at different centrifugation speeds. (a) 580 g, (b) 1000 g, and (c) 2000 g. (B) XRD 
analysis of L-PRP gel meshes obtained with different centrifugation speeds. (a) 580 g, (b) 1000 g, and (c) 2000 g.

Figure 6 SEM images of L-PRP gel meshes obtained at different centrifugation speeds (Bar: 2 μM): (a) 580 g, (b) 1000 g, and (c) 2000 g.
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In ophthalmology, PRP in gel form has been applied in several ways. It has been used as an adjuvant therapy to treat 
idiopathic macular holes, periocular chemical and thermal burns, corneal ulcers, and symptomatic dry eyes.18,25 At the 
site of damage or surgery, PRP offers a larger concentration of vital growth factors and cell adhesion molecules that 
improve wound healing and the surrounding physiological processes.17

One of the biggest obstacles to the broad use of PRP and its derivatives in clinical practice has been the need for 
standardization. To compare the variations in the products obtained and to be able to perform it more frequently in clinical 
practice, we reviewed protocols that included single-step centrifugation 2224 at different centrifugation speeds.13,15

Among both whole blood and L-PRP samples subjected to different centrifugation speeds, leukocytes were most 
abundant at 1000 g whereas platelets were most abundant at 580 g. Our cellularity findings coincide with previous work 
using these centrifugation speeds.13,18 Leukocyte concentration can vary depending on a person’s health status, whereas 
platelet concentration has been found to differ depending on age group and sex.19–21

The greatest PDGF concentration was obtained at 580 g, whereas that of VEGF was obtained at 2000 g and that of 
TGF-B1 at 1000 g. The concentration of growth factors observed in our study is similar to previously reported22,25,26 but 
we did not observe significant differences among the various centrifugation speeds in this respect.10,18,25

The different centrifugation speeds had no effect on cellularity or the presence of fibrin; however, fibrin membrane 
disintegration occurred to a lesser extent at 580 g. No differences were observed in the speeds in the concentration of 
growth factors, cellularity, and presence of fibrin due to obtaining L-PRP, since not only the centrifugation speed 
influence the preparation but also the separation of the buffy coat from the whole blood after centrifugation.26–29 Despite 
the several methods to separate it, there is no standardized protocol. Furthermore, activating L-PRP could have an impact 
on growth factor release due to platelet degranulation.

The L-PRP gel meshes were processed at three different centrifugation rates, and its composition and degradation were 
analyzed. The existence of a fibrin network was confirmed by FTIR.30 The sample spectra revealed signals in bands associated 
with fibrin, independently of centrifugation speed. Accordingly, XRD showed a fibrin structure and a crystalline area with 
keratin-like reflections.31,32 SEM analysis showed variations in membrane wall thickness, which may affect the effectiveness 
of the membranes by prolonging the time that platelets and leukocytes are trapped, regulating the release of growth factors 
continuously, and creating a microenvironment that encourages cell regeneration.31,33

Figure 7 Degradation of L-PRP gel meshes at different centrifugation speeds over a period of seven days. *(p < 0.05).
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The degradation process took place over a period of 7 days in accordance to what is reported on the literature.33–35 

We found that membranes developed at a centrifugation speed of 580 g underwent the least amount of degradation. This 
can have a great impact on the days of useful life; however, it is advisable to carry out studies that evaluate whether the 
release of growth factors also remains constant until their absolute degradation.

This study has certain limitations. The first is the homogeneity of the population, which can be reduced by increasing 
the sample size and by separating the participants by age and sex, something which could significantly affect L-PRP’s 
cellularity. Additionally, the age of the population under study might be changed to one where ocular surface disorders 
are more common. The impact of chronic illnesses and medications on the efficacy of blood products must also be 
assessed, along with all cellular changes and growth factors in both health and sickness. Additionally, analysis using 
electron microscopy can be extended, establishing a stronger association with cellularity and efficiency. Future studies 
should aim to correlate the separation and obtaining of PRP with cellularity and its effectiveness, to assist with 
standardization and ultimate clinical adoption.

Conclusion
By characterizing L-PRP in terms of growth factors and cellularity, this work lays the foundation for a future 
standardization of centrifugation speeds. There were no significant differences in growth factor levels or in their chemical 
and structural properties between centrifugation speeds, but L-PRP gel meshes degraded less at 580 g, which could 
potentially impact quality. Autologous blood products hold a lot of promise for clinical use. With encouraging outcomes, 
its usage in ocular surface modifications has become more widespread. The standardization of its production, which may 
affect its effectiveness by influencing cellularity and the release of growth factors, is currently one of the challenges that 
must be solved.
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