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ABSTRACT

Background: Platelets rapidly lose their qualities usually after 5 day of storage. 
Different standard methods have been recommended to check the quality of 
platelets during storage which some of them show better correlation with other 
quality markers during storage. The purpose of this study was to demonstrate if 
platelet factor 3 (PF3) assay could be an indicator of storage lesion and provide 
a significant correlation with other quality markers during long-term storage of 
platelet concentrates (PC) up to 11 days.
Methods: Twelve random units of PC were placed in a standard platelet incubator 
under continuous agitation at 22-24°C for eleven days. Samples were taken on 
days 1, 3, 5, 8 and 11. Parameters such as pH, glucose, lactate dehydrogenase 
(LDH), platelet count of the bags, mean platelet volume (MPV) and platelet 
distribution width (PDW) and PF3 were measured. The correlation coefficient of 
PF3 and pH with the abovementioned parameters was evaluated.
Results: The mean percentage of changes for PF3, pH, glucose, LDH, platelet 
count, MPV and PDW on day 11 compared to the first day were found to be 61, 
15, 52, 440, 19, 18 and 39%, respectively. After LDH, PF3 had the highest change 
relative to the other markers. PF3 demonstrated better correlation with glucose, 
platelet count, MPV and PDW compared with pH during long-term PC storage.
Conclusion: Platelet factor 3 based-clotting time assay could be a potential 
candidate for monitoring the quality of PC due to apparent trend of its changes 
during storage with better correlation between the quality markers.

Introduction
Platelet storage lesions (PSL) are well-known events 

during preparation and storage of platelet concentrates 
(PC). Such changes are associated with decreased 
hemostatic function of platelets after transfusion and 
with poor post-transfusion recovery.1 Various factors are 
responsible for the PSL and hence poor quality of PCs. 
There are numerous standards to check the quality of 
platelets during storage that have been published by various 
authorities, such as the European Council and American 

Association of Blood Banks (AABB). Various tests are 
available varying from the simplest tests such as swirling 
to complex platelet function tests. Though swirling is a 
simple and non-invasive test, it is prone to observer bias.2,3 
The swirling was observed in 94% of cases with a pH value 
in the range of 6.7-7.5.2 This pH range is associated with 
adequate in vivo survival.4,5 Unfortunately, in practice 
there is no single laboratory test than can accurately predict 
the efficacy of a platelet transfusion and in other words 
its appropriate recovery following transfusion.6 Previous 
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studies have reported that pH, as a major quality marker, 
shows the highest correlations with recovery and survival 
of platelets in healthy subjects.7,8

Platelet factor 3 (PF3), as a phospholipid lipoprotein 
blood coagulation factor derived from platelets acts 
with certain plasma thromboplastin factors to convert 
prothrombin to thrombin. The PF3 assay relies on 
the principle that incubation of platelet-rich plasma 
(PRP) with kaolin activates the procoagulant activity 
of platelets, resulting in a progressive shortening of 
both the recalcification time and Russell viper venom 
time and can be used specifically for assessing platelet 
procoagulant activity.9,10 This novel test may also be used 
to monitor procoagulant activity of platelet membrane in 
platelet substitutes such as lyophilized intact platelets11 or 
lyophilized infusible platelet membranes12-16 in the future 
as well. We aimed to assess if PF3 assay indicates higher 
correlation compared with other quality markers such as 
pH during long-term storage of platelet concentrates up 
to 11 days and if it could be applied to monitor quality 
control of platelet concentrates in the future. 

Materials and Methods
Study Design

In this study, 12 PCs were collected from healthy 
volunteers in Tehran Blood Transfusion Center as a routine 
procedure according to the platelet rich plasma method 
from whole blood with soft and hard spin centrifugation 
steps, respectively. After collection, standard PCs were 
kept undisturbed for one hour. The sterility test were 
performed to show no bacterial contamination of PCs and 
then they were placed in a standard platelet incubator with 
shaker (Danesh Pajoohesh Fajr Co, Iran) under continuous 
agitation at 22-24°C for eleven days. 

Sampling
Sampling was done aseptically with a large bore needle. 

Three milliliter samples of each PC unit were taken on 1, 
3, 5, 8 and 11 days and the following tests were performed 
by biochemical and hematological analyzers. 

Biochemical and Hematological Tests
Parameters such as pH, glucose as a main catabolic cell 

pathway (glycolysis), lactate dehydrogenase (LDH) as 
an enzyme marker of cell viability, pre-donation platelet 
count of donor, total platelet count of the bags, platelet 
yield extraction, mean platelet volume (MPV) and platelet 
distribution width (PDW) as morphostructural platelet 
indices were measured. 

PF3 Assay
PF3 as a major platelet function based-clotting time 

assay was performed on the samples during storage of 
platelet concentrates according to the kaolin clotting time 
method.9 Fresh platelets and physiological normal saline 
were used as positive and negative controls, respectively. 
The clotting time was converted to percent of activity by 
use of a standard curve. 

Statistical Analysis
True values was converted to mean percentage values 

with regard to initial value of 100 percent on day 1 and 
correlation coefficient (r) analysis was performed to 
compare the ability of PF3 and pH as quality markers 
during a 11-days storage period.

Results
The relevant data of twelve PCs in terms of quality 

control parameters of platelets such as pH, glucose, 
LDH, platelet count, MPV and PDW during eleven days 
storage are reported as mean percentage changes in 
table 1. Mean percentage platelet yield extraction of PCs 
during storage up to eleven days was shown in table 2. 
During storage, metabolic activity of platelets continued 

Table 1: Mean percentage changes in the quality control markers of twelve platelet concentrates during standard storage up 
to eleven days
Day of 
storage PF3 Glucose pH LDH Platelet 

Count MPV PDW

1 100* (0)** 100 (0) 100 (0) 100 (0) 100 (0) 100 (0) 100 (0)
3 90*** (10) 90 (10) 99 (1) 171 (71) 98 (2) 108 (8) 113 (13)
5 77 (23) 80 (20) 98 (2) 253 (153) 92 (8) 110 (10) 115 (15)
8 60 (40) 65 (35) 93 (7) 377 (277) 85 (15) 114 (14) 123 (23)
11 39 (61) 48 (52) 85 (15) 540 (440) 81 (19) 118 (18) 139 (39)
*Percent of initial value was assumed 100 on day 1 for all quality control markers; **Data shows mean percentage of increase or 
decrease relative to initial value of 100 percent; ***Mean Percentage: Each true value was converted into percent with regarding 
to initial value of 100 percent on day 1

Table 2: Mean percent of platelet yield extraction* of twelve platelet concentrates (PCs) during standard storage up to eleven days
Day of storage Total platelet count of PCs/bag (×104) Platelet yield extraction/bag (%) Platelet yield extraction/bag** (%)
1 6862002 61 100
3 6711816 60 98 (2)
5 6309816 56 92 (8)
8 5803638 52 85 (15)
11 5544546 49 81 (19)
*Total pre donation platelet count/bag was calculated as 11149184×104; **Percent of initial value of platelet yield was assumed 100 
on day 1 for PCs
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leading to glucose consumption that led to a trend of 
decreasing pH due to glycolytic energy generation and 
lactate production. Better trend was observed in LDH 
production, PF3 activity decline, glucose consumption, 
increasing of PDW and MPV, platelet count depletion 
and decreasing pH, respectively (figure 1). Our results 
showed that platelet counts per bag do decrease slowly 
during storage, albeit with the acceptable platelet count 
(>55×109/bag) according to the conventional standards 
even at the end of the storage (table 2). 

The coefficient correlation of pH and PF3 versus 
other quality markers was calculated in table 3.  Strong 
correlation was observed between pH and LDH, PF3, 
glucose, PDW, platelet count and MPV, respectively. High 
correlation was also observed between PF3 and glucose, 
platelet count, PDW, pH, MPV and LDH, respectively.      

Discussion
We found that PF3 could be altered as a result of platelet 

storage and hence be associated with storage lesions 
during long-term storage of PCs similar to other quality 
parameters such as pH, glucose, LDH, platelet count, 

MPV and PDW. Similar results have been reported by 
previous studies for pH,7,17-26 glucose,7,19,20,22-26 LDH,20,22,23,25 
platelet count,7,20,21,23-26 MPV20,21,23 and PDW21 of PCs that 
confirm their roles in monitoring the quality of platelets 
during storage. Minor differences in these studies may be 
related to the preparation method of the platelets,27,28 the 
plastic material of the storage bag,4 the ability of bags to 
exchange gas across its surface,5 storage temperature,27,29 
the type of anticoagulant used, the platelet concentration 
in the bag and the agitation.27

On the other hand, PF3 which has phospholipid 
procoagulant activity of platelet membrane, as a clotting 
time assay, has not been used as a quality marker in the 
literature. Chao30 used PF3 assay to show the functional 
properties of infusible platelet membrane product. 
Recently, studies have shown that flow cytometric 
analysis of CD41/CD61 and CD42b platelet receptors 
with PF3 based-clotting time assay may also show the 
status of platelet concentrates during storage.31 

Accordingly, Bode32 analyzed platelet factor 3 in platelet 
concentrates during PC storage and demonstrated higher 
PF3 and LDH activity that were significantly correlated 

Figure 1: Trend in pH, glucose, platelet count, LDH, PF3, MPV and PDW. Each point represents the mean percentage value of twelve 
platelet concentrates stored in standard condition up to eleven days with regarding to initial value of 100 percent on day 1.

Table 3: Correlation coefficient values of pH and PF3 with other platelet quality control markers during 11 days storage of 
platelet concentrates
Parameter Correlation coefficient of pH (r) Correlation coefficient of PF3 (r)
Glucose 0.961 -0.999
LDH -0.977 0.929
Plt. Count 0.934 0.982
MPV -0.868 0.958
PDW -0.959 0.978
PF3 -0.969 1.000
pH 1.000 -0.969
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together only in standard, manual PC. Measurement 
of cytoplasmic leakage of LDH may also be used as a 
quality parameter and reflects platelet membrane damage. 
LDH has been shown to correlate to platelet survival (r=-
0.64).33 In our study, LDH and PF3 had trends showing 
storage lesions more relevant in comparison with other 
markers (Figure 1).  

Our results demonstrated that pH declines steadily 
from day 1 (7.78) to day 5 (7.61) of storage, but sharper 
decline was observed between days 5 to 11 of storage 
with the mean pH of 6.61 at the end of storage which 
reflects better preservation of platelets during long-term 
storage with only 15 percent decrease in the pH. There 
was not an increase in pH between the first and third days 
of storage as reported by Dekkers33 which may reflect 
the temporary changes in gas concentrations. The pH 
is an important marker for the quality of PCs in vitro 
since at values below 6.8, platelets become spherical; this 
change in shape becomes irreversible when the pH drops 
below 6.2. Platelet metabolism ceases completely when 
pH values drop below 6.0.34

Conclusion
It may be concluded that platelet factor 3 based-clotting 

time assay can be a potential candidate for monitoring the 
quality of PCs due to the observed trend of its changes 
during storage. In comparison with pH, this test may also 
show better correlation with the other quality markers. 
However, further investigations are required to find the 
efficacy and precision of PF3 as quality marker and also 
look for other markers that help predict precisely status 
of PCs during storage. 

Conflict of Interest: None declared.

References
1.	 Holme S. Storage and quality assessment of platelets. 

Vox Sang. 1998; 74 Suppl 2:207-16. doi: 10.1111/j.1423-
0410.1998.tb05422.x. PubMed PMID:  9704447.

2.	 Bertolini F, Murphy S. A multicenter inspection of 
the swirling phenomenon in platelet concentrates 
prepared in routine practice. Biomedical excellence 
for safer transfusion (BEST) working party of 
the international society of blood transfusion. 
Transfusion. 1996; 36:128-32. doi: 10.1046/j.1537-
2995.1996.36296181924.x. PubMed PMID: 8614962.

3.	 Tynngård N. Preparation, storage and quality control 
of platelet concentrates. Transfus Apher Sci. 2009; 
41:97-104. doi: 10.1016/j.transci.2009.07.001. PubMed 
PMID: 19699153.

4.	 Murphy S, Sayar SN, Gardner FH. Storage of platelet 
concentrates at 22°C. Blood.1970; 35:549–57. Blood. 
2016; 128(9):1155. doi: 10.1182/blood-2016-07-729087. 
PubMed PMID: 27587860.

5.	 Murphy S, Gardner FH. Platelet storage at 22 °C: 
role of gas transport across plastic containers in 
maintenance of viability. Blood. 1975; 46(2):209-
18. PubMed PMID: 237590.

6.	 Pietersz RN, Engelfriet CP, Reesink HW, Georgsen 
J, Taaning E, Kekomäki R, et al. Evaluation of stored 

platelets. Vox Sang. 2004; 86(3):203-23. doi: 10.1111/
j.0042-9007.2004.t01-1-00409.x. PubMed PMID: 
15078259.

7.	 Goodrich RP, Li J, Pieters H, Crookes R, Roodt J, 
Heyns Adu P. Correlation of in vitro platelet quality 
measurements with in vivo platelet viability in 
human subjects. Vox Sang. 2006; 90:279-85. doi: 
10.1111/j.1423-0410.2006.00761.x. PubMed PMID: 
16635070.

8.	 Filip DJ, Eckstein JD, Sibley CA. The effect of 
platelet concentrate storage temperature on adenine 
nucleotide metabolism. Blood. 1975; 45(6):749-56. 
PubMed PMID: 236055.

9.	 Margolis J. The kaolin clotting time, a rapid one-stage 
method for diagnosis of coagulation defects. J Clin 
Path. 1958; 11(5):406-9. PubMed PMID: 13575555. 
PubMed Central PMCID: PMC479806.

10.	 Lhermusier T, Chap H, Payrastre B. Platelet 
membrane phospholipid asymmetry: from the 
characterization of a scramblase activity to the 
identification of an essential protein mutated in Scott 
syndrome. J Thromb Haemost. 2011; 9(10): 1883-
91. doi: 10.1111/j.1538-7836.2011.04478.x. PubMed 
PMID: 21958383.

11.	 Nasiri S, Khosroshahi BN. Lyophilization of human 
platelet and study of its aggregability. IJDD. 2012; 
3: 241-4.

12.	 Nasiri S, Heidari M, Rivandi S. Evaluation of 
hemostatic effectiveness of infusible platelet 
membrane in rabbits as a potential substitute for 
platelet transfusion. JDDT. 2012; 2(5):1-3. 

13.	 Nasiri S, Heidari M, Rivandi S. Infusible platelet 
membranes improve hemostasis in thrombocytopenic 
rabbits: studies with two different injection 
doses. IJPSR. 2012; 3:4895-8. doi: 10.13040/
IJPSR.0975-8232.3(12).4895-98.

14.	 Nasiri S. Platelet membranes versus intact platelets: 
Feasibility as a potential platelet substitute. WJPPS. 
2013; 2:763-81. 

15.	 Nasiri S. Infusible platelet membrane as a platelet 
substitute for transfusion: an overview. Blood 
Transfus. 2013; 11(3):337-42. doi:  10.2450/2013.0209-
12. PubMed Central PMCID: PMC3729122.

16.	 Nasiri S, Mousavi Hosseini K. Infusible platelet 
membrane versus conventional platelet concentrate: 
benefits and disadvantages. IJBC. 2014;6(2):87-93.

17.	 Gkoumassi E, Klein-Bosgoed C, Dijkstra-Tiekstra 
MJ, de Korte D, de Wildt-Eggen J. Noninvasive pH 
monitoring of platelet concentrates: a large field 
test. Transfusion. 2013; 53(10):2287-92. doi: 10.1111/
trf.12099. 23362882. PubMed PMID: 23362882.

18.	 Dumont LJ, AuBuchon JP, Gulliksson H, Slichter SJ, 
Elfath MD, Holme S, et al. In vitro pH effects on in 
vivo recovery and survival of platelets: an analysis by 
the best collaborative. Transfusion. 2006; 46(8):1300-
5. doi: 10.1111/j.1537-2995.2006.00895.x.

19.	 Murphy S, Gardner FH. Platelet storage at 22 °C; 
metabolic, morphologic and functional studies. J Clin 
Invest. 1971; 50(2):370-7. doi: 10.1172/JCI106504. 
PubMed PMID: 5540174. PubMed Central PMCID: 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
25

-1
2-

24
 ]

 

                               4 / 5

http://ijbc.ir/article-1-665-en.html


Platelet factor 3 based-clotting time assay

Volume 8 | Issue 3 | September 2016   67

PMC291933.
20.	 van der Meer PF, Pietersz RN, Reesink HW. 

Storage of platelets in additive solution for up to 
12 days with maintenance of good in-vitro quality. 
Transfusion. 2004; 44(8):1204-11. doi: 10.1111/j.1537-
2995.2004.04010.x. PubMed PMID: 15265125.

21.	 Singh H, Chaudhary R, Ray V. Platelet indices as 
quality markers of platelet concentrates during 
storage. Clin Lab Haem. 2003; 25(5):307-10. doi: 
10.1046/j.1365-2257.2003.00539.x . PubMed PMID: 
12974721.

22.	 Izadpanahi HA, Yari F, Khorramizadeh MR, 
Maghsudlu M.  Evaluation of biochemical parameters 
of platelet concentrates stored in plasma or in a 
platelet additive solution (Composol). ijpho. 2011; 
1(3): 83-9.

23.	 Amorini AM, Tuttobene M, Lazzarino G, Denti G. 
Evaluation of biochemical parameters in platelet 
concentrates stored in glucose solution. Blood 
Transfus. 2007; 5(1):24-32. doi: 10.2450/2007.0019-
06. PubMed PMID: 19204748. PubMed Central 
PMCID: PMC2535872.

24.	 Slichter SJ, Bolgiano D, Jones MK, Christoffel T, 
Corson J, Rose L, et al. Viability and function of 
8-day-stored apheresis platelets. Transfusion. 2006; 
46(10):1763-9. doi: 10.1111/j.1537-2995.2006.00970.x. 
PubMed PMID: 17002633.

25.	 Cookson P, Sutherland J, Turner C, Bashir S, 
Wiltshire M, Hancock V, et al. Platelet apoptosis 
and activation in platelet concentrates stored for up 
to 12 days in plasma or additive solution. Transfus 
Med. 2010; 20(6):392-402. doi: 10.1111/j.13653148.2
010.01034.x.  PubMed PMID: 20738829.

26.	 VandenBroeke T, Dumont LJ, Hunter S, Nixon J, 
Murphy S, Roger J, et al. Platelet storage solution 
affects on the accuracy of laboratory tests for platelet 
function: a multi-laboratory study. Vox Sang. 2004; 
86(3):183-8. doi: 10.1111/j.0042-9007.2004.00412.x. 

PubMed PMID: 15078253.
27.	 Slichter SJ, Harker LA. Preparation and storage of 

platelet concentrates. II. Storage variables influencing 
platelet viability and function. Br J Haematol. 1976; 
34:403-19. doi: 10.1111/j.1365-2141.1976.tb03587.x. 
PubMed PMID: 10956.

28.	 Nasiri S. Conversion from platelet-rich plasma 
platelet production to buffy coat platelet component 
production: benefits and limitations. IJBC. 2014; 
6(4):188-207. 

29.	 Murphy S, Gardner FH. Effect of storage 
temperature on maintenance of platelet viability-
deleterious effect of refrigerated storage. N 
Engl J Med. 1969; 280(20):1094-8. doi: 10.1056/
NEJM196905152802004. PubMed PMID: 5778424.

30.	 Chao FC, Kim BK, Houranieh AM, Liang FH, 
Konrad MW, Swisher SN, et al. Infusible platelet 
membrane microvesicles: a potential transfusion 
substitute for platelets. Transfusion. 1996; 36(6):536-
42. doi: 10.1046/j.15372995.1996.36696269513.x. 
PubMed PMID: 8669086.

31.	 Nasiri S, Vaeli Sh. Flow cytometric measurement 
of CD41/CD61 and CD42b platelet receptors and 
clotting assay of platelet factor 3 during long term-
storage of platelet concentrates. IJBC. 2015; 7(2):61-5.

32.	 Bode AP, Miller DT. Analysis of platelet factor 3 in 
platelet concentrates stored for transfusion. Vox Sang. 
1986; 51(4):299-305. doi: 10.1111/j.1423-0410.1986.
tb01972.x. PubMed PMID: 3798864.

33.	 Dekkers DW, De Cuyper IM, van der Meer PF, 
Verhoeven AJ, de Korte D. Influence of pH on stored 
human platelets. Transfusion. 2007; 47(10):1889-
95. doi: 10.1111/j.1537-2995.2007.01412.x. PubMed 
PMID: 17880616.

34.	 Baker JM, Candy DJ, Hawker RJ. Influences of pH on 
human platelet metabolism. Platelets. 2001; 12(6):333-
42. doi: 10.1080/09537100120078412. PubMed PMID: 
11672472.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
25

-1
2-

24
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

http://ijbc.ir/article-1-665-en.html
http://www.tcpdf.org

