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Study Design: Controlled laboratory study.
Purpose: This study aimed to evaluate the efficacy of platelet-rich plasma (PRP) stored at room temperature (RT), frozen, or after 
freeze-drying.
Overview of Literature: PRP enriches tissue repair and regeneration, and is a novel treatment option for musculoskeletal patholo-
gies. However, whether biological activity is preserved during PRP storage remains uncertain.
Methods: PRP was prepared from blood of 12 healthy human volunteers (200 mL/person) and stored using three methods: PRP was 
stored at RT with shaking, PRP was frozen and stored at –80°C, or PRP was freeze-dried and stored at RT. Platelet counts and growth 
factor content were examined immediately after preparation, as well as 2, 4, and 8 weeks after storage. Platelet activation rate was 
quantified by flow cytometry.
Results: Platelet counts were impossible to determine in many RT samples after 2 weeks, but they remained at constant levels in fro-
zen and freeze-dried samples, even after 8 weeks of storage. Flow cytometry showed approximately 80% activation of the platelets 
regardless of storage conditions. Almost no growth factors were detected in the RT samples after 8 weeks, while low but significant 
expression was detected in the frozen and freeze-dried PRP. Over time, the mean relative concentrations of various growth factors 
decreased significantly or disappeared in the RT group. In the frozen group, levels were maintained for 4 weeks, but decreased signifi-
cantly by 8 weeks (p<0.05). The freeze-dried group maintained baseline levels of growth factors for the entire 8-week duration. 
Conclusions: Freeze-drying enables PRP storage while maintaining bioactivity and efficacy for extended periods. 
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Introduction

Platelet-rich plasma (PRP) is isolated from a patient’s 
blood via centrifugation. The sequestration and concen-
tration of platelets generate clinically useful levels of vari-
ous growth factors such as platelet-derived growth factor 
(PDGF), insulin-like growth factor, and transforming 
growth factor-β (TGF-β). In clinical use, PRP enhances 
neoangiogenesis, tissue repair, and regeneration [1], and 
is emerging as a novel treatment for musculoskeletal 
pathologies, such as ligament injury, muscle tears, tendi-
nopathies, and osteoarthritis [2-5].

Kamoda et al. [6,7] reported that PRP accelerates bone 
union in a rat model of spinal posterolateral fusion, in-
dicating that it is useful in orthopedic tissue reconstruc-
tion or fusion surgery, with some limitations. First, the 
patient’s blood must be collected immediately before sur-
gery to maintain its efficacy and invasiveness. Second, the 
extracted PRP must be activated during surgery, which 
requires an undesirable interruption in the procedure. 
Therefore, isolating and preserving PRP before surgery 
would be ideal. However, it is unknown whether pre-
served PRP is therapeutically effective. Some studies have 
indicated the possibility of freeze-drying PRP to maintain 
useful growth factor levels in the supernatant [8-10], al-
though the biological effectiveness of freeze-dried PRP 
is unclear. Therefore, we investigated the efficacy of PRP 
samples that were preserved via either freezing or freeze-
drying by measuring their growth factor levels.

Materials and Methods

This study design was approved by our institution’s eth-
ics review committee, and all participants provided their 
written informed consent. We obtained PRP by collect-
ing blood samples from 12 healthy volunteers (200 mL/
person) and stored the samples using three methods: (1) 
PRP was stored at room temperature (RT) with shaking, 
(2) PRP was frozen and stored at –80°C, or (3) PRP was 
freeze-dried and stored at RT. Platelet counts and growth 
factor levels were measured immediately after prepara-
tion, as well as after 2, 4, and 8 weeks of storage. Platelet 
activation rates were measured by flow cytometry.

1. PRP preparation

Blood samples (200 mL/person) were obtained using 

triple blood transfusion bags. After centrifugation (CR7BS, 
Hitachi, Tokyo, Japan) at 800×g for 5 minutes at RT, the 
supernatants were harvested (Fig. 1). Supernatant separa-
tions were then performed manually and visually using 
an isolation stand (Nippon-Flex, Tokyo, Japan). After a 
second centrifugation step (580×g for 20 minutes at RT), 
the final supernatant was isolated as fresh PRP. Each 200 
mL sample of whole blood yielded approximately 10–15 
mL of PRP, and 1 mL aliquots were prepared for the three 
groups of experimental samples.

2. Freeze-dried PRP preparation

Each of the PRP aliquots was weighed prior to freeze-dry-
ing. The test tubes were then rotated in an ethanol bath at 
–60°C for membranous freezing (preliminary freezing), 
and then immediately frozen at –30°C for 4 hours. The 
tubes were then attached to a vacuum freeze-dryer to 
complete the process. The freeze-dried PRP samples were 

Fig. 1. Platelet-rich plasma (PRP) preparation. PRP was isolated as 
a supernatant from centrifuged blood (A), frozen at –80°C (B), and 
freeze-dried (C, D).
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resuspended in distilled water prior to assessment. To 
avoid any changes in component concentrations, the post-
resuspension weight was matched to the weight prior to 
freeze-drying.

3. Platelet counts

Platelets were counted using a K-4500 counter (Sysmex, 
Tokyo, Japan). To avoid deviations due to platelet aggrega-
tion, platelet counting was performed using frozen and ly-
ophilized samples after thawing at RT and after 3–4 hours 
of resuspension in distilled water, respectively. 

4. Platelet activation

PRP generally requires activation before use. Therefore, 
we activated platelets by adding 100 µL of calcium chlo-
ride solution (1 mEq/mL, Otsuka Pharmaceutical, Tokyo, 
Japan) and 100 µL of thrombin solution (Liquid Throm-
bin Mochida Softbottle 10,000, Mochida Pharmaceutical, 
Tokyo, Japan) to each milliliter of the PRP sample. 

5. Assessment of platelet activation via flow cytometry

Flow cytometry was performed using a FACSCalibur 
instrument (BD Biosciences, East Rutherford, NJ, USA). 
Fresh PRP (before the activation), activated fresh PRP, and 
activated freeze-dried PRP (at 8 weeks after the prepara-
tion) were each mixed with anti-CD41a (platelet marker) 
and anti-CD62P (activated platelet marker) antibodies, 
and the percentages of activated platelets were assessed. 
According to the protocol, 1 mL of 1% paraformaldehyde 
in phosphate buffered saline was added to 10 µL of each 
sample and allowed to stand for 30 minutes. Subsequently, 
both antibodies were incubated with each sample for 20 
minutes, after which the samples were analyzed by flow 
cytometry.

6. Growth factor detection and evaluation

We quantified the expression levels of PDGF, TGF-β, vas-
cular endothelial growth factor (VEGF), and epidermal 
growth factor (EGF), which are all tissue repair-associated 
growth factors present in PRP, using a Growth Factor 
Human Membrane Antibody Array (ab134002, Abcam, 
Cambridge, UK). Quantitative analysis of the membra-
nous spots was performed with C-Digit Image Studio soft-

ware (LI-COR, Lincoln, NE, USA). Due to the variations 
in the background concentration of each membrane, the 
concentration of each growth factor spot was calculated 
relative to a control spot on the same membrane. Growth 
factor levels were analyzed immediately after preparation, 
as well as 2, 4, and 8 weeks afterward.

7. Statistical analysis

Platelet counts and the relative concentration of each 
growth factor are expressed as mean±standard deviation. 
All data were analyzed by Mann-Whitney U test. A p-
values of <0.05 were considered statistically significant.

Results

1. Platelet counts

The mean platelet counts were (31.5±7.3)×104/μL in the 
whole blood samples and (130.1±41.1)×104/μL in the 
PRP samples. The platelet counts in the PRP samples were 
approximately 4.1-fold higher than those in peripheral 
blood samples, and all samples were concentrated evenly. 
Storage at RT generated turbidity and sedimentation of 
crystals over time, which made it impossible to obtain 
platelet counts in many RT samples after 2 weeks. The 
platelet counts remained relatively constant in the frozen 
and freeze-dried samples, even after 8 weeks of preserva-
tion (Fig. 2).

2. Platelet activation and growth factor levels

Flow cytometry revealed approximately 80% platelet acti-
vation, regardless of storage conditions (Fig. 3). 

We tested the fresh PRP samples for various growth 
factors, which included PDGF (AA, AB, and BB), VEGF, 
TGF-β, and EGF (Fig. 4A). At the end of the 8-week ob-
servation period, almost no growth factors were detected 
in RT samples (Fig. 4B), while low but significant levels of 
expression were detected in the frozen PRP samples (Fig. 
4C). In the freeze-dried PRP, some growth factors exhib-
ited slightly reduced levels, but the expression levels were 
comparable to those of fresh PRP (Fig. 4D). 

Fig. 5 shows the changes in the mean relative concentra-
tion of each growth factor over time. In the RT samples, a 
clear reduction in growth factor expression occurred after 
2 weeks. In the frozen samples, expression levels were 
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maintained at 4 weeks. However, expression of TGF-β, 
vascular endothelial growth factor receptor 2, and EGF 
decreased by 8 weeks (p<0.05). In contrast, the expres-
sion levels of growth factors in the freeze-dried samples 
were maintained throughout the 8-week duration of the 

experiment. 

Discussion

In the present study, we examined the biological activ-

Fig. 2. Platelet counts in platelet-rich plasma (PRP). PRP that was preserved at room temperature (RT) exhibited loss 
of platelets, although the frozen and freeze-dried samples maintained their platelet counts throughout the 8-week 
duration of the experiment. NS, not significant.

Fig. 3. Platelet activation rates. (A) Fresh platelet-rich plasma (PRP) immediately after preparation (pre-activation). (B) Activated fresh 
PRP. (C) Activated freeze-dried PRP 8 weeks after preparation. The percentages of activated platelets in the freeze-dried samples were 
similar to those in the fresh PRP, even after 8 weeks. Horizontal axis, anti-CD41a antibody (platelet marker); vertical axis, anti-CD62P an-
tibody (activated platelet marker).
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Fig. 4. Detection of growth factors. (A) Expression levels of platelet-derived growth factor AB (PDGF AB), vascular endothelial 
growth factor receptor 2 (VEGF R2), transforming growth factor-β (TGF-β), and epidermal growth factor (EGF) were evaluated 
in fresh platelet-rich plasma (PRP) according to the intensity of the spots. The location of each is shown in the scheme. (B) 
PRP was stored at room tempertature for 8 weeks, and all growth factor expressions were almost undetectable. (C) Frozen 
PRP was stored for 8 weeks, after which faint expression of growth factors was observed. (D) The freeze-dried PRP was 
stored for 8 weeks, and almost all growth factors were expressed robustly.

Fig. 5. Relative concentration of each growth factor (fold increase). Platelet-derived growth factor AB (PDGF AB) (A), transforming 
growth factor-β (TGF-β) (B), vascular endothelial growth factor receptor 2 (VEGF R2) (C), and epidermal growth factor (EGF) levels (D) 
were assessed over time. In the room temperature (RT) group, there was a clear reduction and/or disappearance of the growth factor 
expression after 2 weeks. In the frozen group, growth factor expression levels were decreased at 8 weeks. In contrast, the freeze-
dried group maintained its original expression levels for the 8-week duration of the study. NS, not significant.
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ity of PRP stored at RT, frozen, or after freeze-drying. 
We found that, while RT storage significantly reduced 
platelet counts, platelets persisted for 8 weeks in the fro-
zen or freeze-dried samples. Platelet activation was also 
maintained when activated PRP was freeze-dried. The 
levels of growth factors in the RT samples gradually and 
significantly decreased over time, although these levels 
were maintained in the freeze-dried samples. Unlike fro-
zen PRP, freeze-dried PRP maintained levels of growth 
factors that were comparable to the levels in fresh PRP. 
These results suggest that pre-prepared PRP retains its 
efficacy when it is appropriately freeze-dried for storage. 
PRP is generally stored in a freezer and thawed before use. 
However, the effect of thawing on the biological activity of 
PRP has not been fully investigated. Freezing is a common 
method of cell storage, although it can cause cold-shock 
damage [11,12]. Therefore, freeze-drying platelets, which 
was first proposed by Wolkers et al. [13] in their earlier 
study, is an alternative preservation technique. 

Pietramaggiori et al. [14,15] reported the bioactivity of 
growth factors and their healing effects in freeze-dried 
PRP that was freshly reconstituted for use in chronic 
wounds. Nakajima et al. [9] also reported bioactivity in 
freeze-dried PRP immediately after reconstitution into 
a form adsorbed to a biodegradable polymer material, 
while Horimizu et al. [8] reported that the storage of 
freeze-dried PRP-coated collagen sponges at 4°C did not 
cause a significant loss in bioactivity. In the present study, 
we analyzed freeze-dried PRP that had not otherwise 
been treated, as we did not want any adverse reactions or 
infections that might be caused by foreign materials to 
confound our results. There are currently no studies on 
freeze-dried PRP preserved for 8 weeks after preparation 
with no further treatments. Flow cytometry revealed that 
platelet activation was maintained in freeze-dried PRP. 
Any such activation did not appear to be destructive. 

Growth factors are vital for platelet efficacy in various 
applications. In the present study, growth factor levels 
were preserved for 8 weeks after freeze-drying. In con-
trast, freezing alone produced inferior results at 8 weeks, 
which suggests that freezing alone is not suitable for long-
term storage, although long-term preservation of frozen 
PRP is commonly performed in the clinical setting. The 
growth factors that we evaluated function in tissue repair 
and bone fusion [2,16]. PDGF enhances collagen synthe-
sis and bone cell proliferation [17,18], TGF-β enhances 
the proliferative activity of fibroblasts and stimulates the 

biosynthesis of type I collagen and fibronectin [19,20], 
VEGF induces angiogenesis via migrating endothelial 
cells [21], and EGF orchestrates cellular proliferation and 
differentiation of epithelial cells [22]. 

The results of our study suggest that freeze-drying is the 
most suitable technique for preserving PRP bioactivity, as 
it preserves both platelet counts and growth factor levels, 
while freezing only maintains the platelet counts. In this 
context, long-term cryopreservation may adversely affect 
the levels of growth factors owing to continuous exposure 
to low temperature rather than the freezing procedure 
itself. Therefore, further studies that include in vivo ex-
periments are required to measure the efficacy of freeze-
dried PRP in enhancing tissue repair or bone healing and 
to verify that freeze-dried PRP has the same safety profile 
as that of fresh PRP. Furthermore, these studies should 
carefully assess the risk of complications, such as infec-
tion, excessive inflammatory reactions (e.g., graft-versus-
host disease), and ectopic ossification. In a previous study, 
the use of fresh PRP was shown to cause no problems in 
the clinical setting. Freeze-dried PRP should be prepared 
in a clean room using sterile procedures in order to avoid 
infections. Once the feasibility of sterile preparation and 
the safety of freeze-dried PRP have been confirmed, this 
product can be used for various orthopedic indications, 
such as treatment of emergency injury or during surgeries, 
in a form that is similar to blood transfusion preparations 
and biological agents. Another benefit of freeze-dried PRP 
is easy storage, as its powder form enables storage in a re-
frigerator or even at RT. This would be very convenient for 
mixing with bone grafts, placement within the substantia 
spongiosa of transplanted bones, or incorporation into 
artificial bones after dissolving in water. Powdered PRP 
may also facilitate the controlled release of active growth 
factors, as PRP concentrations can be adjusted during the 
dissolving process. Thus, we expect that freeze-dried PRP 
has broad applications in the tissue repair and orthopedic 
fields, as it provides a safer alternative to other biological 
products. 

The present study has several limitations. First, we did 
not assess platelet morphology. Further histological stud-
ies, such as electron microscopy, should be performed to 
confirm that the appropriate morphology is preserved. 
Second, this was a preliminary study with a small sample 
size; therefore, further studies with larger samples are 
required to validate our findings. Third, the freeze-dried 
PRP was prepared under non-sterile conditions. We aim 
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to develop a method for sterile preparation in future stud-
ies. Finally, we did not evaluate the actual amounts of each 
growth factor in PRP, as we initially planned to evaluate 
the overall state of various growth factors in PRP using 
the Growth Factor Membrane Antibody Array followed 
by densitometry. More quantitative evaluation will be 
required in future studies to evaluate the actual concen-
trations of growth factors using more exact protein assays 
such as enzyme-linked immunosorbent assay.

We have already used fresh PRP in clinical practice, and 
have obtained good results with no major complications. 
In the future, we plan to examine the efficacy and safety of 
freeze-dried PRP using a rat posterolateral lumbar fusion 
model. A proposal for this research project has already 
been submitted to the ethics committee of our hospital. If 
the efficacy and safety of freeze-dried PRP is proven, its 
regular use will be possible.

Conclusions

In conclusion, our results suggest that freeze-dried human 
PRP maintains activated platelet counts and growth factor 
levels that are comparable to those of fresh PRP, even after 
8 weeks of storage. These results highlight the potential 
clinical value of freeze-dried PRP. 
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