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Abstract
Objective: The aim of  this study was to compare the quantity and quality of  platelets in platelet-rich plasma (PRP) samples prepared 
using three different reagents, namely, ethylenediaminetetraacetic acid (EDTA), sodium citrate, and acid citrate dextrose-A (ACD-A) 
solution. Materials and Methods: A prospective study was carried out in which all the 50 patients who attended the outpatient 
department for hair rejuvenation were enrolled for the study. All the patients had a history of  hair fall with diffuse thinning of  hair, 
Norwood Grades 2 and 3. Patients with complete hair loss were not included in the study. No specific randomization was carried 
out. All the patients were explained about the procedure and the use of  vials containing the aforementioned three reagents. Then, 
40 mL blood was taken from each patient. Both quantitative and qualitative analyses of  platelets were carried out on PRP samples. 
Quantitative analysis was done by using an automatic cell counter and cross-checking manually. Qualitative analysis was carried 
out by preparing smears from each of  the three samples from each vial. All the patients were followed up at 4 weekly intervals 
for a duration of  6 months and then at the end of  1 year. All the patients received six sessions of  PRP. Results: All the data were 
subjected to statistical analysis using Student’s t-test, and P value of  <0.001 was obtained in samples from ACD-A vials, which was 
statistically significant. In all the 50 patients, the samples collected in vials containing ACD-A yielded the maximum quantitative 
count and the best morphology of  platelets under smear examination. Conclusion: Within the limits of  this study, we would like to 
conclude that ACD-A vials should be used for collecting and processing blood for PRP preparation to obtain best results in hair 
rejuvenation.
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IntroductIon
Platelet-rich plasma (PRP) is a platelet concentrate in 
a small plasma volume.[1] Several simplified protocols 
for the preparation of PRP have been developed to 
facilitate its clinical application.[2-4] According to Marx,[5] 
PRP should have a platelet concentration 300%–400% 
greater than that of the whole blood to be considered a 
“therapeutic PRP.” Both quantitative and qualitative 
analyses have to be carried out to ensure the best PRP 
for therapeutic efficacy. Various reagents have been used 
for harvesting PRP. Various centrifugation techniques 
(double and single)[6-8] have been compared for obtaining 
platelet concentrations. Basically, the difference between 
the two types of centrifugation is the number of times the 

sample undergoes the centrifugation process; in single, it is 
just carried out once, whereas in double, after separation 
of the sample, centrifugation is repeated.

This study was based on the use of sterile vials containing 
three different reagents, namely, ethylenediaminetetraacetic 
acid (EDTA), sodium citrate (3.2%), and acid citrate 
dextrose-A (ACD-A) solution containing trisodium citrate 
(22.0 g/L), citric acid (8.0 g/L), and dextrose (24.5 g/L), for 
harvesting PRP. And platelets in the PRP were analyzed 
both quantitatively and qualitatively to ensure a good result.
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MaterIals and Methods
A prospective study was conducted at Kamal Hospital 
(Kaushambi, Ghaziabad) in which all the 50 patients 
who attended the outpatient department were enrolled 
for the study. All the patients had a history of hair fall 
with diffuse thinning of hair, Norwood Grades 2 and 
3. Patients with complete hair loss were not included in 
the study. No specific randomization was carried out as 
all of them were healthy young adults. All the patients 
were male, age ranged from 30 to 40 years, and none of 
them had any comorbidities. They were explained about 
the procedure in detail and the use of vials containing 
three different reagents, namely, EDTA, sodium citrate, 
and ACD-A. A consent form was signed by each patient, 
and it was specifically told that whichever vial yielded the 
best platelet concentrate and peripheral smear shall be 
used for therapeutic measures for them. All the patients 
were followed up at 4 weekly intervals for a duration of 
6 months and then at the end of 1 year. They received six 
sessions of PRP. Ethical committee approval was obtained 
before the commencement of the study.

The various reagents used in this study are listed below 
along with their constituents in a tabular form.

Reagent Constituents
EDTA 1.8 mg EDTA per 1 mL of blood

Sodium citrate tube Trisodium citrate 3.2% (0.109 mol/L)

ACD-A solution Trisodium citrate (22.0 g/L), citric acid (8.0 g/L), 
and dextrose (24.5 g/L)

PRP preparation
For PRP preparation, 40 mL of blood was taken from 
each patient. The same was transferred to all the three 
vials in equal proportions. Platelet count was estimated 
in the samples from all the three vials. Platelet count 
was done using an automatic cell counter and cross-
checking manually. Thereafter, single centrifugation 
was carried out using Remi laboratories, Mumbai (R-8 
C; nonrefrigerated) at 3000 rpm for 20 min. Different 
layers of  the solution containing platelet-poor plasma, 
buffy coat containing rich platelet concentrate (PRP), 
and red blood cells were observed, as shown in Figure 1. 
Thereafter, PRP was separated from all of  them in 
different tubes. In all the three tubes, calcium chloride 
was added to 0.05 mL/mL PRP. Later, both quantitative 
and qualitative analyses of  platelets were carried out on 
PRP samples of  approximately 2 mL for each reagent. 
Calcium chloride was added to all the vials so as to study 
not only the total quantitative platelet counts but also the 
morphology of  the platelets as both are directly related 
to the amount of  growth factors released by platelets, 
and hence the final results. Quantitative analysis was 
again carried out by using the automatic cell counter 
and cross-checking manually. Qualitative analysis was 
performed by preparing smears from each of  the three 
samples from each vial.

Platelet study: quantitative and qualitative analyses
The platelet count in the whole-blood and PRP samples 
from each of the vials was carried out using the automatic 
cell counter and cross-checking manually. Platelet 
concentration was calculated by dividing the platelet 
count of PRP by the platelet count of the whole blood 
multiplied by 100.

Smears were prepared using the PRP from all the three 
vials and morphology of the platelets was assessed.

Treatment protocol
After the quantitative and qualitative analyses were 
carried out, the samples containing the highest platelet 
concentration of PRP were used for therapeutic purposes. 
As seen in Table 1, quantitative assessment show highest 
counts in therapeutic range in case of samples from 

Figure 1: ACD-A-containing vial showing buffy coat containing plate-
let-rich plasma (PRP), platelet-poor plasma, and red blood cells (RBCs)
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Table 1: Quantitative estimation of platelet counts in lakhs (L) in three different vials both at the time of collection (PRE) and 
after preparation of PRP (PRP sample)
S. no. (Pt.) EDTA Sodium citrate ACD-A

PRE PRP PRE PRP PRE PRP
A 1.6 1.8 1.62 1.72 1.65 5.20

B 1.75 1.9 1.65 1.71 1.75 5.45

C 1.65 1.70 1.65 1.68 1.75 5.34

D 1.90 2.10 1.85 1.95 1.82 5.51

E 1.85 2.00 1.81 1.92 1.85 5.48

F 2.20 2.27 2.13 2.22 2.00 5.87

G 2.00 2.20 2.00 2.15 1.87 5.82

H 1.65 1.90 1.64 1.75 1.65 5.13

I 1.85 1.95 1.75 1.80 1.80 5.33

J 1.65 1.90 1.65 1.74 1.56 5.21

K 1.75 1.85 1.72 1.79 1.77 5.42

L 2.00 2.20 1.98 2.00 2.00 5.58

M 1.75 1.90 1.75 1.87 1.70 5.52

N 1.6 1.85 1.61 1.74 1.65 5.65

O 1.85 2.05 1.83 1.90 1.85 5.91

P 1.90 2.10 1.79 1.86 1.91 5.82

Q 1.65 1.90 1.65 1.72 1.65 5.18

R 2.00 2.10 1.98 2.03 2.08 5.57

S 1.65 1.85 1.60 1.71 1.60 5.43

T 1.75 1.85 1.75 1.79 1.75 5.79

U 1.6 1.8 1.62 1.72 1.65 5.20

V 1.75 1.9 1.65 1.71 1.75 5.45

W 1.65 1.70 1.65 1.68 1.75 5.34

X 1.90 2.10 1.85 1.95 1.82 5.51

Y 1.85 2.00 1.81 1.92 1.85 5.48

Z 2.20 2.27 2.13 2.22 2.00 5.87

A1 2.00 2.18 2.00 2.15 2.02 5.95

B1 1.64 1.90 1.64 1.75 1.65 5.15

C1 1.85 1.95 1.75 1.80 1.80 5.33

D1 1.65 1.90 1.65 1.74 1.56 5.21

E1 1.76 1.86 1.72 1.79 1.78 5.42

F1 2.00 2.20 1.98 2.00 2.00 5.58

G1 1.75 1.90 1.75 1.87 1.70 5.52

H1 1.6 1.85 1.61 1.74 1.65 5.65

I1 1.84 2.05 1.83 1.91 1.85 5.93

J1 1.90 2.10 1.79 1.86 1.91 5.82

K1 1.65 1.90 1.65 1.72 1.65 5.18

L1 2.00 2.10 1.98 2.03 2.08 5.57

M1 1.65 1.85 1.60 1.71 1.60 5.43

N1 1.75 1.85 1.75 1.79 1.75 5.79

O1 2.00 2.20 2.00 2.15 2.01 5.95

P1 1.65 1.90 1.64 1.75 1.65 5.13

Q1 1.85 1.95 1.75 1.80 1.80 5.33

R1 1.65 1.90 1.65 1.74 1.56 5.21

S1 1.75 1.85 1.72 1.79 1.77 5.42

T1 2.00 2.19 1.98 2.00 2.00 5.58

U1 1.75 1.90 1.75 1.87 1.70 5.52

V1 1.6 1.85 1.61 1.74 1.65 5.65

W1 1.85 2.05 1.83 1.90 1.85 5.91

X1 1.89 2.10 1.79 1.86 1.92 5.82

Platelet – PRP/ 
PRE × 100

110% 100% 310%

Concentration
Pt = Patient
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ACD-A vials. The final sample of approximately 2 mL 
obtained from these ACD-A vials only was injected within 
30 min of its preparation. It was injected in the scalp 
after local anesthesia application in the sub-follicular 
plane. Patients were sent home once the PRP session was 
over, and they were found to be in stable condition after 
checking all the vitals. They were called for review after 4 
weeks for the next session and told to contact earlier if  any 
need arises. All the patients received six sessions of PRP 
at 4 weekly intervals. After six sessions, they were finally 
reviewed at the end of 1 year.

results
All the data were subjected to statistical analysis 
(Student’s t-test), and P value of <0.001 was obtained 
from the samples from ACD-A vials. This was statistically 
significant. P value was significant in the samples from 
ACD-A vials compared to those from EDTA and sodium 
citrate. Quantitative analysis of platelets carried out 
including the platelet concentration was highest in the 
samples collected from vials containing ACD-A solution 
[Table  1]. The platelet concentration achieved in PRP 
samples from ACD-A vial was 310% higher than the 
platelet count in the whole-blood sample [Table 1]. It was 
the least in the samples from vials containing only sodium 
citrate solution (100%) [Table 1].

Qualitative analysis was carried out by smear preparation, 
and the examination of the samples from ACD-A solution 
revealed good morphology with minimum acellular 
debris and aggregates [Figure 2]; that is why the platelet 
concentration was highest in ACD-A vials. Sodium citrate 
vial samples revealed cells with altered morphology (shape 
and size), clumping, and acellular debris [Figure 3]. EDTA 
vial samples had the maximum acellular debris with 
aggregates. This effect may be attributed to the destructive 
activity of EDTA.

dIscussIon
Different PRP preparation protocols may result in varying 
platelet concentrations, and thus different biologic effects 
may occur.[9-11] The platelet count is the key that decides the 
regenerative capacity of PRP.[12] In addition, qualitative 
alterations in the platelets may also affect the regenerative 
potential of PRP.[13] According to Marx,[5] platelets 
damaged or rendered nonviable by the protocol used to 
process the PRP will not secrete bioactive growth factors. 
Thus, the resulting outcome may be disappointing.

This study evaluated both qualitative and quantitative 
assessment of platelets using vials containing three 
different reagents that are used for the preparation of PRP 
in various laboratories.

Therefore, a “therapeutic PRP” is the one that has an 
average percentage increase of approximately 300%–400% 
in the platelet count (quantitative).[5]

Quantitative assessment was carried out both manually 
and by using automatic cell counter as various studies 
have raised doubts about the level of agreement between 
manual and automated platelet counts.[14-18]

Qualitative analysis of smears is used to evaluate various 
parameters that are indicative of platelet function, 
such as changes in morphology, size, shape, staining 
characteristics, degree of activation and clump formation, 
distribution of granules, and appearance of vacuoles.[19] 
In this study, the morphology of platelets was worst in 
the samples from vials containing EDTA. This may be 
attributed to the destructive effect of EDTA on platelets. 
Thus, the resultant PRP would be poor in growth factors.

conclusIon
Success of PRP lies primarily in its preparation and the 
reagents used for the same. Proper selection of technique 
is essential to yield the best platelet count and morphology. 
We wish to conclude that ACD-A vials should be used for 
collecting and processing blood for PRP preparation to 
obtain best results.

This conclusion has a special relevance to aesthetic 
surgery as the higher the platelet concentration in PRP 
used for hair or facial rejuvenation, the better the results 
because growth potential is directly related to platelet 

Figure 2: Smear from ACD-A solution revealed good morphology with 
minimum acellular debris and aggregates. Black arrow signifies good 
morphology with minimal debris

Figure 3: Sodium citrate vial smears revealed cells with altered 
 morphology (shape and size), clumping, and acellular debris. Black 
arrow signifies clumping and acellular debris
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concentration, which releases active growth factors 
responsible for growth.
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