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P latelet-rich plasma (PRP) is a common treat-
ment nowadays in the cosmetic dermatologi-
cal field.1,2 It stimulates fibroblasts within the 

skin and makes them produce collagen fibers. As 
PRP is made from one’s self blood, the treatment is 
regarded as very safe. The problem exists in rather 
a high cost of the PRP processing kit considering its 
mild efficacy. If there were a more economical way 
to process PRP, this treatment would become more 
popular and common. Moreover, although the treat-
ment is empirically regarded as useful, there are still 
few scientific evidences.3 If more economical meth-
od were offered, researchers could access to various 

experiments much easier. From that point of view, 
the authors invented a unique method to prepare 
PRP using only medical disposables and a common 
laboratory centrifuge.

Most of commercially available kits adopt antico-
agulant dextrose solution A (ACD-A) as an anticoag-
ulant even though there are others such as heparin 
or EDTA (ethylenediaminetetraacetic acid). More-
over, no kits take the platelet aggregation inhibitor 
into consideration although coagulation and plate-
let aggregation are very different and anticoagulants 
never suppress platelet aggregation. In the course of 
creating the new method, anticoagulants of ACD-A 
and heparin were compared in the final concentra-
tion of platelet-derived growth factor BB (PDGF-
BB) in PRP and utility of prostaglandin E1 (PGE1), 
a platelet aggregation inhibitor, was also studied. 
EDTA was not adopted in the study because there 
is no clinically available medication of EDTA in the 
authors’ country. As the study aims to construct a 
practical way of preparing PRP, using a nonmedi-
cal reagent was considered unethical and should 
be excluded. PGE1 was adopted in the study as it is 
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the only one platelet aggregation inhibitor available 
from the same viewpoint.

METHODS

Subjects
Two healthy female volunteers at the age of 49 

(subject A) and 50 (subject B) were enrolled under 
a written consent.

Preparation of PRP
The whole blood of 60 mL was taken from 

each healthy volunteer. Thirty milliliters was under 
existence of ACD-A solution, and the rest 30 mL was 
under heparin. The mixing rate was 9:1 in volume.

Sixteen pieces of disposable 5-mL syringes were 
prepared for the first centrifugation with their fin-
ger-holders cut by scissors (Fig. 1). Four milliliters of 
the whole blood was put into each syringe and cen-
trifuged as it stands (Fig. 2). The rotation speed and 
time was 3000 rpm × 3 minutes, which was the mini-
mum for separating red blood cells (RBCs) from 
plasma empirically by KOKUSAN H-19α centrifuge 
with RF-109 rotor and MA-109K buckets. The cen-
trifugal force was calculated with the corrected real 

radius (Fig. 3) to be 704g. The syringes were then 
taken out from the centrifuge and arranged on a 
special handmade holder (Fig. 4). A 3-way cock and 
an extension tube (both are common medical dis-
posables) were connected, and the other end of the 
extension tube was attached to the syringe after cen-
trifugation. Eight syringes for the second centrifuga-
tion were prepared as the same way as the syringes 
used for the first centrifugation. One microgram of 
PGE1 diluted in 0.05 mL of saline was added to each 
of 4 syringes beforehand. The syringe was connect-
ed to the 3-way cock and the plasma was aspirated 
(Fig. 5). The second centrifugation was performed 
at 4000 rpm (1252g) for 15 minutes, which is the fast-
est speed of the machine and considered to be the 
realistic time as a daily practice. The supernatant was 
discarded leaving 0.65 mL in each group (namely, 
ACD-A PGE1+, ACD-A PGE1−, Heparin PGE1+, and 
Heparin PGE1−), and the sediment was mixed with 
it using a vortex mixer (Vortex V-1 plus, BIOSAN). 
Finally, 0.65 mL of PRP solution was prepared from 
16 mL of the whole blood in each group.

Activation of PRP and Platelet Count
PRP in each group was divided into 3 pieces of 

0.2 mL. Twenty microliters of 0.5% Triton X in saline 
was added to 1 of the 3 and 20 μL of 8.5% calcium 
glucuronate to another. Triton-X is a kind of deter-
gent that destroys cell membrane and let α-granules 
discharge nonspecifically. Calcium glucuronate neu-
tralizes the anticoagulant effect of ACD-A while it has 
no effect to heparin. Platelet count of the 4 groups was 
performed by using disposable counting chambers.

Measurement of PDGF-BB
The PRP solutions were stored at 22–29°C4 over-

night for the delivery to a laboratory (Institute of 
Applied Technology for Innate Immunity, Kagawa, 
Japan). PDGF-BB was measured there using Hu-
man PDGF-BB immunoassay microplate (R&D 
 systems). Ten microliters of the specimen was  
taken from each whole blood or PRP solution after 
mingling, diluted to 190 mL buffer and measured. 
The rest 190 μL of the samples were centrifuged 

Fig. 1. Disposable 5-ml syringe with the part of finger-holder 
cut by scissors.

Fig. 2. as the radius becomes shortened by the method, the 
centrifugal force must be calculated by the real radius.
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at 10,000 rpm for 10 minutes, and the supernatants 
were also measured.

RESULTS

PDGF-BB
All data are shown in Table 1, and an illustration 

of the procedure for better understanding is shown 
in Figure 6. PDGF-BB in the whole blood was 867.7 
pg/mL in subject A and 477.8 pg/mL in subject B. 
The supernatant after the first centrifugation (plas-
ma) contained 1066.6 (ACD-A) and 889.7 (heparin) 
pg/mL in subject A and 627.9 (ACD-A) and 671.2 
(heparin) pg/mL in subject B. The finally processed 

PRP solutions in subject A contained 30109.4 pg/mL 
(ACD-A, PGE1+), 12281.5 pg/mL (ACD-A, PGE1−), 
9232.1 pg/mL (heparin, PGE1+), and 7341.9 pg/mL 
(heparin, PGE1−), whereas 21094.9 pg/mL (ACD-A, 
PGE1+), 7987.2 pg/mL (ACD-A, PGE1−), 6530.8 pg/
mL (heparin, PGE1+), and 5104.6 pg/mL (heparin, 
PGE1−) in subject B. The PRP solutions added by 
Triton-X in subject A showed the values of 41517.0 
pg/mL (ACD-A, PGE1+), 41599.3 pg/mL (ACD-
A, PGE1−), 8920.6 pg/mL (heparin, PGE1+), and 
7819.8 pg/mL (heparin, PGE1−), whereas 27041.8 
pg/mL (ACD-A, PGE1+), 26493.3 pg/mL (ACD-
A, PGE1−), 6816.9 pg/mL (heparin, PGE1+), and 
5959.4 pg/mL (heparin, PGE1−) in subject B. The 
PRP solutions added by calcium glucuronate in sub-

Fig. 3. the appearance after the first centrifugation.

Fig. 4. the handmade syringe holder plate.
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ject A showed the values of 38535.1 pg/mL (ACD-A, 
PGE1+), 20972.8 pg/mL (ACD-A, PGE1−), 8681.2 
pg/mL (heparin, PGE1+), and 6578.4 pg/mL (hep-
arin, PGE1−), whereas 34732.2 pg/mL (ACD-A, 
PGE1+), 21437.2 pg/mL (ACD-A, PGE1−), 4702.2 
pg/mL (heparin, PGE1+), and 3290.8 pg/mL (hep-
arin, PGE1−) in subject B. The values increased by 
addition of Triton-X or calcium glucuronate in PRP 
solutions processed by ACD-A, whereas the values did 
not increase in heparin-treated ones (Fig. 7).

In comparison of raw PRP solutions and centri-
fuged supernatants, the values decreased after centri-
fuge in all ACD-A–treated PRP solutions, whereas the 
values increased in all heparin-treated ones (Fig. 8). 
The largest value in nonactivated PRP solutions was 
obtained in the ACD-A, PGE1+ in both subjects, and 
the largest value in calcium glucuronate–activated 
PRP solutions was also in the ACD-A, PGE1+.

Platelet Count
Platelet count by counting chambers resulted 

in 6.4 × 106/μL in ACD-A, PGE1+, 6.4 × 106/μL in 
ACD-A, PGE1−, 6.4 × 106/μL in heparin, PGE1+, and 
6.4 × 106/μL in heparin, PGE1− in subject A, where-

as 4.0 × 106/μL in ACD-A, PGE1+, 4.2 × 106/μL in 
ACD-A, PGE1−, 5.2 × 106/μL in heparin, PGE1+, and 
6.0 × 106/μL in heparin, PGE1− in subject B.

DISCUSSION

Our New Method of Preparing PRP Solution
Our new method of preparing PRP solution has 2 

advantages. One is economy, and the other is safety. 
Preparation of PRP for 1 client for cosmetic purpose 
usually requires 12 disposable 5-mL syringes (8 for 
the whole blood and 4 for the second centrifuge), 
caps, one 3-way cock, and 1 extension tube, which 
costs about 7 USD totally. They are all medical dis-
posables, and the blood or plasma never goes out of 
them. So the method is safe and ethical.

Selection of the Anticoagulant
From the data of PDGF-BB, it is obvious that ACD-

A is more appropriate than heparin as an anticoagu-
lant for PRP preparation. However, platelet count 
revealed that the numbers of platelets are almost 
the same between ACD-A-treated ones and heparin-
treated ones. How should this controversial result 
be interpreted? The authors consider that heparin-
treated platelets more easily discharge α-granules, 
which contains PDGF than ACD-A–treated ones. 
The data of the change before and after centrifuge 
of the last processed PRP (raw PRP and supernatant) 
show that the concentration of PDGF decreases in 
ACD-A while increases in heparin. It is the clear evi-
dence that platelets are less instable in heparinized 
plasma against centrifugation.

In fact, the authors had considered that heparin is 
more proper than ACD-A. Because the latter has low 
pH (acidic) that causes less painful sensation when 
injected to the skin. As the low pH can be neutral-
ized by sodium bicarbonate just before injection, the 
authors admit that ACD-A is superior to heparin as 
an anticoagulant for preparation of PRP. Moreover, 
Araki et al5 reported that the plasma finally added to 
the pellet can be replaced to normal saline and the 
concentration of PDGF increased 3 times more than 
original PRP. From the viewpoint of measures to the 
pain, it is a good idea.

Araki et al5 also reported that PRP processed by 
EDTA showed higher value of PDGF-BB than by 
ACD-A although the platelet counts were almost sim-
ilar. So it is better to adopt EDTA in the laboratory 
experiments than ACD-A, whereas ACD-A is still ap-
propriate in daily practice in the country where no 
clinical medication of EDTA is available. It is because 
there is an ethical problem to use EDTA under such 
a circumstance.

Fig. 5. Extraction of the plasma from syringes after 
 centrifugation.
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There are few reports of measurement of growth 
factors in PRP.6,7 As the concentration of growth fac-
tor in PRP solution might not necessarily correlate 
with the platelet count, the efficacy of PRP treatment 
is not also ensured by platelet count.

Utility of Platelet Aggregation Inhibitor
Anticoagulants such as ACD-A or heparin never 

interrupt aggregation of platelets. This point of 
view has been overlooked in preparing PRP. Ag-
gregated platelets stick to the wall of syringes and 

Table 1. PDGF-BB Concentrations of the Whole Blood, Plasma, and PRP of Subjects A and B Under Different 
Conditions of Anticoagulant and Platelet Aggregation Suppressant

Subject
Whole  

Blood/Plasma/PRP Anticoagulant

Platelet  
Aggregation  
Suppressant Activation

PDGF-BB  
Concentration (pg/mL)

Raw

Supernatant  
after  

Centrifuge

A Whole blood ACD-A None None 867.7 520.4
Heparin None None 867.7 714.6

Plasma ACD-A None None 1066.6 955.9
Heparin None None 889.7 933.8

PRP ACD-A PGE1 None 30109.4 7700.3
Triton-X 41517.0 13460.9

CaCl2 38535.1 22171.7
None None 12281.5 4230.0

Triton-X 41599.3 3947.4
CaCl2 20972.8 16695.5

Heparin PGE1 None 9232.1 14352.6
Triton-X 8920.6 14063.3

CaCl2 8681.2 12113.1
None None 7341.9 8513.6

Triton-X 7819.8 9951.4
CaCl2 6578.4 6840.7

B Whole blood ACD-A None 477.8 736.4
Heparin None 477.8 671.2

Plasma ACD-A None 627.9 823.8
Heparin None 671.2 563.3

PRP ACD-A PGE1 None 21094.9 6006.9
Triton-X 27041.8 12233.4

CaCl2 34732.2 24188.2
None None 7987.2 2430.5

Triton-X 26493.3 2361.3
CaCl2 21437.2 16792.3

Heparin PGE1 None 6530.8 12041.0
Triton-X 6816.9 11103.7

CaCl2 4702.2 9495.8
None None 5104.6 7556.9

Triton-X 5959.4 8058.9
CaCl2 3290.8 4182.9

The background of the values of (ACD-A, PGE1+), (ACD-A, PGE1−), (heparin, PGE1+), and (heparin, PGE1−) is colored light blue for easy 
understanding.

Fig. 6. illustration for understanding the procedure of the study. Blue rounds indicate platelets.
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do not easily detach from them. As the primary 
aggregation of platelets is reversible, the platelets 
come off from the wall and float in the plasma 
again after several hours. But we cannot wait until 
then in the daily practice. So the authors suggest 
using platelet aggregation inhibitor (PGE1). The 
data also ensure it.

Rotation Speed and Time of Centrifugation
The first centrifugation is aimed to separate 

RBC from other segments of the whole blood. 
From this point of view, the rotation speed and time 
was thought to be easily selected. As RBC is red, vis-
ible, and heavy in specific gravity, the best condi-
tion must be the lowest and shortest speed and time 
at which RBC and plasma can be clearly separated 
visibly. Too much speed and time will let platelets 
also precipitate and should be avoided. There is a 
report about the efficiency of platelet yield at vari-
ous speed of centrifugation.5 230–270g for 10 min-
utes is reported to be the most efficient for the first 
centrifugation. Our experiment adopted 704g for 3 
minutes from the reason that the shorter the better 
at daily clinical practice.

From the viewpoint that the second centrifuga-
tion is aimed to separate platelets from plasma, the 

speed and time should be as high and as long as pos-
sible. The higher the speed and the longer the time 
is, the more platelets will precipitate. However, as the 
centrifuge is revealed to be stimulus for platelets to 
discharge PDGF, the best speed and time should be 
studied by measuring PDGF in plasma discharged 
from platelets. It is a future-related issue.

The Difference among Individuals of PDGF-BB Was 
Not Clarified in the Study

Further investigation in many individuals is ex-
pected. Various commercial kits for preparing PRP 
are available nowadays, and their main target seems 
to be cosmetic or rejuvenating field although there 
are still only a few reports3 about the efficacy for 
antiaging. On the other hand, there are also many 
 exciting reports8 that PRP accelerates wound healing 
process. Using the method in the study, researchers 
could try much more experiments without consum-
ing expensive commercial kits.

CONCLUSIONS
Our new method is useful and ethical in clini-

cal practice. The use of ACD-A and PGE1 is recom-
mended for preparing PRP with dense PDGF-BB. 

Fig. 7. PDgF-BB values (pg/ml) in the vertical axis before and after addition of triton-X or cacl2 in PrPs.
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